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ABSTRACT

. Removar of phenoric compounds from sunfrower protein
mear is essential for the preparation of a protein concen-
trates free of discoloration. The present study was under_
taken to compare the effects of extraction of sunflower meals,
from srmdak variety and peredovik variety following a batch
procedure or a countercurrent scheme ¡ üsing two different
solvent systems¡ âcidic butanol (1-butanol_ O.OO5 N HCl,

)2r,8 v/v) or acidic methanor (methanor- 0"005 N Hcï,
gOzLO v/v) .

severar criteria vüere used. to evaluate the potential
of acidic butanol or acidic methanol as solvents in prepar_
ing protein concentrates. These criteria were: L) Efficiency
in removing phenorícs and Bo% ethanor soluble suÉ5ars,

2) Protein losses, loss of l-ysine and isoleucine, Ð protein
denaturatiòn and 4) iUagnitude of discoloration, Both solvent
sysrems were equally effective in removing phenolics. Aeidic
methanol was more effective in removing sugars than aeidic
butanol ' Protein losses were símilar regardless of the sol_
vent system used, protein quality was lower when acidic
methanol- was employedr âs measured by protein denaturation"
îhe quality of the concentrates in terms of color were similar
as measured by a Hunterlab color Difference lleter, Both
solvent systems yielded an acceptable product.
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C}IAPTER r

ÏA¡TRODUCTTON

pr-ant proteins are consid.ered the most readily feas_ible ar-ternative to supplement conventionar sources ofprotein' so far, despite their high protein content, oil_
seed meafs (excluding soybean) have been used only to alimited extent by the food industry. [he reason for this isthe presence of undesirable factors in the seeds. These
factors include: high fiber content, toxic or antinutrition_
ar' compounds and eompounds which cause discol0ration.

The problems involved in the use of oitseed proteins
have been approached in different ways. pr_ant breeding hasbeen used to reduce or eliminate the content of toxic com_pounds in the seeds. specÍfical'y designed. machinery per_mits more efficient removar of the pericarp from the seeds,thus, reducing the amount of fiber in the meals (smíth , 7969),chemicar methods have been successfully used to remove

undesirable compound.s from the oilseed meals, êng" 40ssypo1frorn cottonseedo glucosinor-ates from rapeseed. The importanceof sunflower as an oilseed crop has risen significantly over
recent years ' yields of up to 50/, oir have been obtained
through plant breeding and other genetic means (panehenko,
1966) " rne prttein content of sunflower seed is relatively



high, making the meal, after removal of the oil, a potentially
good ingredient to irnprove the nutritional quality of other

food products (Robertsono 1975), No toxic compounds have

been found in sunfl-ower meal (Singleton and Kratzer, L96g).

Yet, the presence of relatively high concentrations of
chlorogenic acid, and other phenolic compounds, have been

identified as the major cause of discoloration of meal, pro-

tein concentrate and isolates (Cater et â1, Ig?2), The

development of green or brownish color prevents these pro-

ducts from being used to a large extent as ingredients or

major eonstituents in foodstuffs " In addition to the color

changes, phenolic compounds have been reported to reduce the

availability of lysine (Davies et al u I97B) , through binding

with C,-amino group of lysine.
Many different methods have been proposed for the

removal of phenolic compounds from sunflower meal. It would

be desirable to obtain protein preparations with light color

and negligible protein denaturation. A process which yields

a product with such characteristics should result in minimal

loss of protein. Most reported methods do not fulfill these

requirements and need improvement.

Recently, a method using acidic butanol for the

exhaustive removal of phenolics from sunflower meal has been

reported by Sodini and Canel-la, t9??. These authors clained

that this procedure yielded a.phenolic free concentrate with
minimat protåin denaturation" Gas prod.ucing ol-igosaccharides,

ê.go raffinose, were partiatly removed. The resulting



protein concentrates were light in appearance. However no

data regarding yields of the procedure were given,

The present study was undertaken to compare the

effects of extraction of sunfl-ower meals, from Sundak

variety and Peredovik variety following the batch procedure

of Sodini and Canella (t97?) , or a countercurrent scheme,

using two different solvent systems, acidic butanol or acidic
methanol. The effectiveness of the procedures and quatity
of the resulting'products (protein, color) were evaluated.



CHAPTER 2

REVIEW OF LITERATURE

2.1, Composition of Sunflower Seeds

Data on the composition of sunflower seeds have been

reported by numerous researchêrs" Knowledge of the composi-

tion of the raw materials, in this case the sunflower seeds,

provided the basis for the better uttlization of this crop.

Earle et aI (1968) compared the composition of seven dif-
ferent varieties of sunflower seed. An inverse relationship
between oi1 and protej-n content was observed. Oil- content

varied from 46.? to 64,7% on a dry basis. Protein content

ranged from l9,o to 36,t+% (¡¡ x 6,25) on a dry basis. 0f the

oil varieties analyzed differences in oil and protein

values were considered not significant, since variability
within varieties was as great as between varieties. 0n high

oit sunflower hybrids, Robertson et aÌ (I97I) reported vaÌues

for oil content from 28.8 to 44,?%. The crude proteln ranged

from L6,9 to 25,Ly'". Canella et at (1976) reported similar

results on a study of ftalian sunflower varieties. Dorrell
(19?6) observed a high correlation between chlorogeni-c acid

content and oil in populations of North American sunflower

seeds" Cultivated sunflower seeds contained from t,L to L+"5%

chlorogenic. acid (mean 2.8%). DorrelI (L9?6) also indieated

that the concentration of chlorogenic acid of wild



sunflowers was higher for those specimens collected north

of 4ooN latitude, than for those collected south of 4ooN

latitude 
"

2 "2 Composition of Sunfl-ower Meals

The residue after oil extraction of sunflower seedsu

call-ed sunflower meal, constitutes an important by-product

because of its high protei-n content and good amino acid

balance (Clandinin, t958). However, the presence of hull
in the meal- is undesirable as it increases the fiber content

of the meale consequently, reducing its nutritional value

for monogastric animals (Clandinin, 1,958). Hu11s and ehloro-

genic acid in the meal cause undesírable di-scoloration of the

meal, especially under al-kaline conditions (Robertson, t9?5).

Clandinin ß958) indicated that a reasonable standard for a

high quality sunflower seed meal should be ¡ "not over L2%

moisture, not over tO/, crude fiber, not less than l+O% crude

protein and preferably less than J/o oíJ-" Removal of the

hul-l from the seedsu ís i-mportant but is a difficult task,

as Smith (t969) noted"

2.3 Sunflower Proteins

To facilitate their study proteins have been classi-

fied according to their solubility characteristics

(Braverrnan, L963) " Although widely used, this classifica-

tion is inappropriate (Haurowitz, L963), as solubility
of proteins depends not only on the concentration of salts,
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but arso on the pH, temperature and other factors, osborne

and campbell (te97 ) reported the separation of the ,'proteids,'

of sunflower seed for the first time, by solubirizing them

with sodium chloriden From their findings they concluded

that the most abundant "proteid" consisted of a single
globulino A sright modífication of Osbornees protein frac-
tionation, was used by Sosulski and Eakal (L969) and

Gheyasuddin et ar (tg7o) for the fractionation of sunflower

meal proteins. The mean values reported were s water soluble
(albumins), Z0%¡ salt soluble (globulins) s 56%; alcohol
soluble (prolamins) ¡ 3%t dilute alka1i soluble (glutelins) 

o

75%¡ and residue 6/', Similar results were reported by Mosse

and Baudet (t9?Z), Krasilsnikov et al (L9?4) and Shehebakov

et al (L97t) " The differences observed were probably due

to sample and./or varietal differencêso

Characterization of the salt-extraetable proteins
from sunflower meal from three different varieties was

carried out by gel chromatography, el-ectrophoresis and amino

acid composition (Sabir et aI, tg?3), Five fractions were

separated by gel chromatography on Sephadex G-200, the

molecular weights ranged from 6oooooo for the heaviest frac-
tion to less than 51000 for the lightest fraction" The five
fractions were similar in molecular weight to those of soy-

bean proteins, Joubert (1-955) used sedimentation and dif-
fussion methods and deterrnined molecular weights of 343rOOO
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and L9r000 for the two major protein components of sunflower

meal-. I{iosse and Baudet (L9?2) found that the albumin frac-
tion of sunflower seed proteins contained 6"?% Iysine, while

globuIin, the major protein constituent contained onl-y 3%

lysine " This accounts for the lysine deficiency of sun-

flower meal, protein concentrates and isolates reported

by several authors (ClanAinin, tg58; Earle et â10 tg6}, and

Evans and Bandemer, 1967),

Sunfl-ower proteins appear to be 90% aigestible with

a biological value of 6o%" This is comparable to soybean

meal proteins, (Clandinin, L958)

Earle et a1 (L968) found no significant dífferences

in the amino acid composition between different sunflower

varieties, Recovery of nitrogen plus ammonia was greater

than for most other oilseed meals. Sunfl-ov¡er proteins con-

tained 34"L% of essential amino acÍds, which is below that

of animal products, but similar to most plant seed proteins"

Chernical .analysis indícated adequacy of essential amino acids,

except for lysine and i-soleucine " The chemieal score for
sunflower proteins for human nutrition as determined by FAO

ft965) was 89 (whole egg is L00)u Similar results for the

nutritional value of sunflower proteins were reported by

Clandinin (L958) and Pustrovoit et aI (t972) 
"

Âmino acid analyses of sunflower seeds by Evans and

Bandemer (L967) 
' showed deficíencj-es of lysine and



B

methionine " Supplementation of sunflower meals with lysine

and methionine increased the protein value from 59 to 85.

2.1+ Effect of preparation methods for sunflower protein
products on protein quality,

Protein denaturation effects of sunfl-ower seeos

extraction procedures were studied by Gurdevand and lr{arin-

chevski (t96?) . I\{ore denaturation was observed during

evaporation and drying in a battery type extraction system

U-6-24%), than during continuous extraction (g/") u Similar

observations were reported by Stoyanov et al (L967). Sarwar

et al ß9?3) reported PER values for sunflower proteins

equal to those of easein, They observed significantly lower

weight gains in mice fed sunflower protein isolates, than

when fed the parent meals. This indicated that protein

isolation procedures decreased the prote5-n quality.

Destructi-on of LB/" of t]ne lysine , 25% of the tryptophan

and Lt.6% of the methionine resulted when sunflower seeds

were heated at 12|fC for 15 minutes in an autoclave (Stopa-

jauljevic et al, Lg?t) " The biologieal value decreased on

the average 1L"7%" Similar effects were observed by

Bandemer and Evans (1963) and Morri-son et al (t953), 0n the

other hand, Basualdo et al (L972) found the nutritional- value

of sunflower meal (measured as essential amino aci-dsu avail-

able lysíne, NPU and digestibifity) was not significantly

impaired by, processing. However they observed, a decrease in

the amount of lysine during storage'



Most of the methods commonly used for preparatj-on

of protein isolates require alkaline solubitization, followed

by acid precipitation of the proteins, in addition, high

temperatures are sometimes used to enhance alkaline extrac-

tiono Murray et a1 (L9?8) pointed out the effects of such

treatments on proteinso êog. forrnation of lysinoalanine (LÂL) 
'

which may be toxic' In addition LAL decreases the protein

efficiency ratio (pen). Considering the potential problems

involved. in the a|]rçaIÍ-/acid processing, Murray et a1 3978)

devel-oped a nethod for the preparation of protein isolates

under mild conditions of pH and temperature e using the

principle of salting in, The proteins were salted in with

common grade salts at near neutral pH and then precipitated

by a phenornenon referred to aS "hydrophobic-out". This

method ca:r be applied to a variety of protein sources,

inel-uding sunflower, and it largely preserves the chenieal

and physical characteristics of the proteins '

In,preparing protein isolates from sunflower seeds it

is lmportant to ehoose a method which will remove phenollc

eompounds from the isolates n fn general this is difficult

as phenolics are usually covalently attached to proteins"

Considering that sunflower proteins may also be used

in the form of meals or protein concentrates it is important

to consider the effect that the preparation of these products

can have on, nutritional and functi-onal- properties of the

protein,
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2,5 Deterrnination of protein denaturation

Decrease in nitrogen solubility over a certain range

of pH (t'titrogen Solubility Profile) or on a certain pH

(Nitrogen Solubility Index, NSI) have been wÍdely used as

an indication of protein denaturation (Smittr anA Johnson,

L94B; Sosulskí and Baka1, 1969; Gheyasuddin et aI, L9?Ot

Kilara et alu 1972; Cater et aI, L972),

Recentlyu DifferentiaL Scanning Calorimetry (OSC¡

has been utilized to measure the degree of denaturation of
proteins in terms of the heat of transition (i:tt¡ (Karrnas

and Dí Marco, I97O; Delbeu and Crescenzi, L969; Donovan and

Beardslee, L975).

In an earlier study Steim (L965), using Diferential
Thermal .A.nalysis DTA, showed the feasibility of thermal anal-y-

sis for the study of denaturation of proteins in solution.
The basi-s of the DT3, and DSC measuring systems is to compare

the rate of heat flow to the sample and a:a inert reference

materialo These are heated or cool-ed at the same rateu

Events in the sample such as phase transitions or chemical

reactions whích involve absorption or evolution of heat cause

a change in the differential heat fLowo In a plot of differ-
ential- heat flow against temperature or time the event is
recorded as a peako The area under the curve gives the heat

change (¿H) associated with the event and the direetion of

the peak ind.ieates whether the heat flow is exothermic or

endothermic (Ladbrookeu 1977) 
"



1t_

Privalov and lftrechlnashviri (L9?4) obtained cal_ori-
metric data for five single chain proteins for which ful_l
structures are known" Their principar findings were3

1. ACp (change in specific heat) does not vary with
temperature but the numerical value is different for each

prote in 
"

2n Atl (heat change) varies linearly wíth temperature
and. the slope of the line #H is equal to Cp. ïn otherd/¿r
words the transition obeys Kirehoffs Law whieh means that AH

depends so1e1y on temperature.

3" There is a linear correlation between dåHdr-
and the number of contacts between pairs of non-porar groups

for each protein"

4. The number of hydrogen bonds formed by each

protein were also calculated and all were found to be

essentially the same.

The data provided by these authors indicate the

feasibil-ity of DSC for the measurement of the degree of pro-
tein denaturation,

?"6 Carbohydrates in Sunflower seed meals

The carbohydrates in sunflower seeds, meals and con-
centrates have been investigated by several workers
(ivtitolajczak et al, Lg?O, Sabir et al, tg?5 and. Cegta and.

8e11, L977). Defatted sunflower meals contained

snal-l- amounts of monosaccharides ( O.6% on dB) rvhich were
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identified as arabinose, fructose and glucose. The najor
proportion of the 8O/" etlnanol- soluble sugars (Z-tO% of total_

solids) were ol-igosaccharides, sucrose (+%) and raffinose
(2%) . Other oligosaccharides identified were trehalose,

maltose, melibiose and stachyose. Polysaccharides found

in sunflower meal included to be small amounts of pentoses,

hemicelluloses and cel-1ulose (Sabir et a1, 79?5)"

0f some importance is the occurrence of raffinose

and stachyose. Rackis et aI (19?O) found, in a study with

soybean, that these oligosaccharides were related to gas

production by intestinal bacteria. These sugars should

therefore be removed from sunflower protein preparations 
"

Simple sugars are involved in browning reactions, which ín
some instances are undesirable. Removal of these sugars

may therefore result in sunfl-ower preparations of lighter
appearance c

Functional properties of sunflower meals and concen-

trates (e.9. water holding capacity, gelation, etc.) could

be influenced by polysaccharides however no investigations
have been reported on the effects of these compounds on the

properties of sunflower protein preparationsn

2.7 Phenolic Compounds in Sunflower Seed i\{eals

Phenolic compounds, including ehlorogenic acidr âFê

widely distributed in the plant kingdom. Chlorogenic acid

or J-caffeoylquinie acid is formed by esterification of

caffeic acid with quinic acid (Ribereau-Gayon, t9?2).
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The structure of these acids, namely the presence of the

phenolic groups, make them reactive compounds. Disease

resistance in plants has been related to phenolic compounds.

Van Sumere et al ft9?5) attributed thís rol-e of phenolic

acids to the quinones which are very reactive oxidation pro-

ducts of phenolics. Phenolic acids have other roles in

plants. For example they are precussors of lignin and thus

it would be impossible to breed plants free of phenolic

acids.

Osborne and Campbell (ß97) reported the presence in

sunfl-ower meal of what they called helianthotannic acid'

later identified as chlorogenic acid (Gorter, !9O9) , Qther

phenolic compounds have been identified in sunfl-ower meal.

Iviilic et al (L968) isolated and identified chlorogenic acid

and quinic acid. Mikolaiczak et al (tg?O) identified caffeic

acid, chlorogenic acid., 3rS-dicaffeoylquinic acid, a di-

substituted cinamj-c acid and also a monoester of quinie acid.

Sabir et al SgZLt) reported the identification of

eight different phenolic compounds: chlorogenic acid, iso-

chlorogenic acid, hydroxycinnamic acid-sugar esteru eaffeic

acidu isoferulic and sinapic acid like' p-coumaric acid like

and two unknown compounds. Chlorogenic acid and related

compounds constituted about ?O% of tl¡e total phenolic com-

pounds. In a subsequent study Sabir et a1 ß975) found

soluble chlorogenic acid associated with low molecular weight

polypeptides and oligonucleotides .
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The levels of phenolic acids in sunflower seeds and

meals were determined by several investigators (Milic et al,

tg6}; Iütikola jcza;y- et alo I9?O; Brummett and Burns, 197?¡

Sabir et al, lg?4à; Felice et a1, L9?6). Their findings

can be Summarized aS follows: Sunflower meal contains

!.9 to 2,5/" total phenolic acids of which 7O-BO(" is chloro-

genic acid anð, 2O-J0% caffeic acid' and srnall amounts of the

others 
"

?.8 Reaction of phenolic compounds with proteins and

amino acids

Phenolics combine with proteins reversibly by hydro-

gen bonding and irreversibly by oxidation followed by co-

valent condensation" Loomis and Battaile (7966) found that

the oxidation of phenolic compounds leads to formation of

highly reactive quinones, which can pol¡rmerize ' These

pol¡rmers react in a similar manner to the monomers in the

presence of proteins " Pierpoint (1969 ) reported similar

findings and studied the reaetion of quinones with amino

acids. Amino acid.s, excluding lysine and cysteine, reaet

with quinones primarily through their -amino groups to give

red or brown products. these reactions, which compete with

the pol¡rmerization of quinones, are follov¡ed by secondary

reactions. These secondary reactions may absorb oxygen

and give products with other colors" The -amino group of

lysine reacts with the o-quinones in a simil-ar fashion' The
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thiol group of cysteine reacts with the quinones without

absorbing oxygen, giving colorless products"

The reaction of quinones with lysine and the sub-

sequent polymerization of phenolics into tannin-protein

complexes could render a large number of amino acids inacces-

sible to the digestive processes of monogastric animals " A

sma1l amount of oxidation can cause a large diminution in

nutritional value (-ltlison, Ig?L; Davies et al' I9?8)'

Dryden and. Satterlee (Lg?8) reported that chlorogenic acid

bound to a casein model system, caused a smal-l, but real

drop in the "i4 _yit{g" protein digestibility of the casein

eomplex and. a significant inhibition in the growth of

Tethrahvmena nvriforrnis Yl, resulting in a ]ow Tetrahymena

based PER"

2,g Removal of phenolics from sunflower meal

Osborne and Campbell (L897) and Smith and Johnsen

(1948), used hot etha¡rol QO%) to extract the chlorogenic

aeid. from sunflower meal. Total removal was not achieved

by these rnethods. In addition severe protein denaturation

was observed" Joubert 3955) attempted' to remove chlorogenic

acid at room temperature by extracting with 5A% et|.anol-

followed by acetone washing. Joubert (L955) however, did

not report on the degree of protein denaturati-on and the

color of the Preparations.

.A.lkaline protein solubilization (pH L0'5) in the
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presence of O .25/" sodium sutfite followed by acid precioitation

was used by Gheyasuddin et aI (Ig?O), Further extraction with

50% isoplîopanol yield.ed an isolate that showed little pro-

tein denaturation (nitrogen solubility profile) ' but develop-

ed brown color at alkaline pH, Using the principle of the

diffusion of low molecular weight compoqnds through semi-

permeable membranes, Sosulski et aI (L9?2, t9?)) developed

a batch and a contlnuous diffusion method to remove the

chlorogenic acid from sunfl-ower kernels ' Ylater at ratios of

10:1 , ?O z\, with final ratios of 6oo :1 to 8O:1 for the

continuous process, temperature of 20, 40 , 60 and SOoC and

pH range 2.3 to ),J were used for the extraction, lJ/" ettrano].

was used for comparison. the main drawbacks of the batch

d.iffus j-on were ; long extraction periods, high protein dena-

turation and the large volumes of water required' The con-

tinuous diffusion was developed to try to overcome these

problems, however extraction periods continued to be long

(4 trrs.) ,and high solid. losses were observed. Protein

d.enaturation was lower in the continuous process. Based on

these findings, Fan et al O9?6) reported the removal of

about 90% of t;¡e chlorogenic acid of sunflower flour using

watero acid or alcohol in a countereurrent process" The

resulting protein concentrates contained over ?Q% protein

and were light in color under alkaline pH condltions' The

countercurrent system was more efficient in solvent use

and chlorogenic acid removal than batch extractj-on' However
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it resulted in high losses of solids (4o%) and proteins (25/")

Sodini and Canella ftg??) claimed effective removal

of color-forming phenolics (chlorogenic and caffeic acids)

by exhaustive extraction with acidic butanoÌ" oligosaccha-

ridesu such as sucrose, were removed efficiently by this

method" Negligible protein denaturation was observed (as

determined by nitrogen solubitity profiles of the prepared

proteinisolates)'Nodataonyieldsofthemethodwere
provided.

2,1-O potential applications of sunflower protein concentrates
and isolates

At the present time confectionery sunflower seeds a.re

available for human consumptionu but sunflower protein con-

centrates anð,/or isolates are not used in foods on a comner-

cial scale o However, many potential applications for sun-

fl-ower protein preparations have been proposed'

Diffusion extracted sunfl0wer concentrates were added

to commercial wiener mixes to increase the protein content

from t2% in the. control to t4% in the protein-supplemented

wj-eners" Soy flour and concentrate were used for comparisono

shrinkagercolorrpeelabilityrfirmnessrcookingproperties
a¡d sensoric characteristics were judged in the processed

wieners" Wieners containing sunflower concentrates were as

acceptabl-e as wieners which contained soy flour or soy con-

centrate, although both products were rated lower than the

al]meatproauctinsensorypropertiesoÀnunacceptab]-e
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prod'uctresultedwhensunflowerflourreplacedsunflower
protein concentrates (r'ln et aI' Ig?Ð' Incorporation of

sunflower protein concentrates into milk blends were

evaluated by Fleming and' Sosulski (tg??)' Removal of color

producingphenolicsreduced'thenltrogensolubilityof
sunflowerproteineoncentrates.Butheat,mechanicalagita-
tion and emulsifiers were effective in resolubilizing more

thans}r'",ofthenitrogen'Ânequalblendofsunflowercon-
centrate and nil-k had an equivalent chemical score to a

soynilkblend',butthecolorandflavorprofilewaslow"
Breadhasalsobeensupplementedwithsunflowerpro-

tein concentrates (Patt et aI' 1'g?4; Jain 9!-gL' L975; and

Fleming and Sosulski , Ig??) ' and assessed by chemical'

physical and sensory parameters ' In general such formuJa

alterations yielded acceptable bread products '



C¡IAPTER 3

MÂTERIALS AND I"IETHODS

3.1 Materials

sunflower seed.s of two varieties were used in this

study¡ a confectionery variety, Sundak and an oil variety'

pered.ovik. The proximate composition of the samples is

given in Table 1. Both samples were obtained from Northern

Sales Co, I,td,, Winnipego and were of 1'977 cropo

Table 7 Proximate Com sition of Sunflower Kernels
VARIETY

Constituents Peredovik Sundak

0i1

Protein (N x 6.25)

Ash
.à

Carbohydrates'

Phenolicsb 1'80 1'o1
asoluble in 80% ethanol¡ âs glucose

b"" chlorogenic acid

3.2 Preparation of protein concentrates

Protein concentrates were prepared by three different

ways, âs shown in Fig. L,

3 .2 ..! _ Removal of oiI
The dehulled seed.s were ground in hexane at a solvent

to sample ratio of 3zL k/w), using a Waring blender for two

(/" dB)

64"L0

?3,23

3.O?

l+,87

(% as)

5?.o8

30,97
??o

5.65

L9
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minutes at medium speed. The extraction was continued at

room temperature for 16 hours, bV shaking the solvent with

the ground seeds on a mechanical shaker. After extraction

the meals were separated by filtration through Whatman paper

No, 4, under suction. The meals were desol-ventized by

evaporating the remainlng solvent at room temperature ' under

normal pressure, for two days, This procedure yielded

partially defatted mealso One further extraction with hexane,

under the same conditions, was required to yield fulIy de-

fatted mea1s.

3,2 "2 Batch procedure

For the preparation of protein concentrates samples

from partially defatted meal, the meal was suspended in 1-

Butanol-O.O05N HCI (gZz8, v/v) or Methanol-O.OO5N HCf (90:10,

v/v), àt a solvent to sample ratio of 20:1. The pH was

adjusted to 5,O with 0,5N HCI, and kept constant throughout

the extraction by addition of 0.5N HCI. The extracti-on was

carried out at room temperature for 1"5 minutes, with magnetic

stirring. The suspension was filtered through Whatman No. 3

paper under suction, The residue was extracted three addi-

tional times und.er identical conditions (So¿ini and Canella,

L9??), Protein concentrates were also obtained by extracting

ground seeds six times with aeidic butanol, under the same

conditions as were used for extracting partially defatted

meal.
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3,2.3 Corrntercurrent Procedure

This procedure was carried out according to Fan

(tg?6) , The conditions of pH, temperature, solvent to

ratio and tirne of extraction were the same as for the

procedure.

et al,
sample

batch

3.3 Proximate AnalYsis

Determination of rnoisture ' ash and fat were carried

out accordi-ng to 4.0.4,C. (L9?5) , Nitrogen determinations

were by the boric acid. mo<Ìification (l.,q.C.Co, L962) of the

¡..0.A,C. (1g60) Kjeldahl procedure for total nitrogeno except

that the mercuric oxide and potassium sulfate were replaced

by 10g of a premixed catal-yst (ke]-pak No" 2, Curtin Matheson

Scientific Inc.) " Protein content was reported as N x 6"25,

3,1+ Osborne Fractionation

lwo gram samples of partially defatted meal were suc-

cessively extracted. with the following solvents: d istitled

water, 5%, NaCt, ?O% et:nano:- (at 65oC) and O.zy'o NaoH (Sosulski

and Bakal, t969). The samples were extracted 15 minutes with

each solvento then centrifuged at 1-2OO x g for LJ minutes'

The supernatant was col-lected for Kje}dahl nitrogen deter-

minations '

3.5 .A.mino aeid analYsis

Amino acid analyses were carried out on a Beclcrnan Lt9c

analyzer. The Becknran modification of the single column pro-

cedure of spackrnan et al, (L958) was applied, The sulfur
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containing amino acids u methionine and cystine were deterrnined

according to Hirs (fg6?) 
"L

3"6 Determination of Sugars

Sugars were extracted from samples by refluxing twice

for 30 minutes with BO/, etþanoL (solvent to sample ratio

JOz1,, v/w)" The samples were centrifuged (4OOO x g for L0

minutes), the supernatants pooled. soluble sugars were deter-

mined. by the phenol-sulfuric acid method' (Oubois et aI, L956),

The absorbance of the samples was measu-red with a Unicam

SP6OO spectrophotometer, at 4BB nm. The concentration of

sugars was calculated. from a calibration curve using glucose

as the standard.

3"? Determination of Phenolics

Phenolics in samptes were determined according to the

method described by Dorrell (t9?6). The absorbance of extracts

was measured. with a unicam sPBooB spectrophotometer at )2) nm.

The concentration of phenolics was calculated from a calibra-

tion curve using chlorogenic acid as standard'

3"8 Nitrogen SolubilitY Profile

one gram samples were extracted with 50 mI of distil-

led water for 2A minutesn the pH range was from 2 to 9, and'

was adjusted before extraction and kept constant by addition

of either O.5N NaQH or O'5N HCI" Samples were then centri-

fuged at ¿looo x g f or L5 minutes I âfld Kjeldahl nitrogen

lTh"=" analyses were performed by Mr' Pu Mills of the
Depto of Animal Science.
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determined in the supernatants.

3,9 Nitrogen Solubility Index (at pH 7,0)

this determination was carried out by extracting

with distilted water at pH 7,0, under the same conditions

as for the nitrogen solubility profile.

3.!O Differentiat Scanning Calorimetry (DSC)

The DSC analyses of the meal and protein concentrates

were perfonned with a DuPont Differential Scanning Calori-

meter model gLO. These analyses were perforrned by IHr. T. Jo

Ivlaurice, Research Dept., General Foods l,td., Cobourg, Ont.

3.LL Color Measurement

3,LI.! 0n the dry samples

The dried samples were ground to a fine powder in a

porcelain mortar before coLor measurements were taken.

Color measurements were taken using a Hunterlab ModeL D25

Color Difference ilIeter. Determinations were made in trip-

Licate. The rvhite tile, Hunterlab standard No. D25-7333,

wi;bh the tristimulus values L = 93.8, a -!.!, and b = 2r3,

was used. as standard. Total color difference was described

as!

AE = [{ai,)z + (t^¡? + tauf) t/z
4

in comparison to the white standard'
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3.tI"2 Color measurement on slurries
Color measurements were taken on 76% flour in water

slurries, following a slightly modified procedure of Hoehn

et aI (t9?6) " The slurries were prepared as outlined in
Tabl-e 2. Heating was for 90 sêce in a microwave oven

(Varian Industrial Systems lvlagnetron, Mod.el PPS-Z,5 A, and

Gerling-Moore microwave cavity) with intermittent stirri-ng.
The plí of the sl-urries was adjusted by addition of O.5N

NaOH.

Table 2. Preparation of SÌurries for Cofor Measurement

Treatment lqgat4ent of sÌurries for eolor measurement

S1urry t6% (w/v), no further treatment

SIurcy t6/" (w/v), heated up to 8OoC.

Slurry t6% (w/v), pH adjusted. to 8.0

Slurry 16/' (w/v), pH adjusted. to B.O, heated up

to Booc.

3,LZ Statistical Anal-ysis

A one way analysis of variance was carried out to
assess color differences among samples, Multiple regression

analyses were applied to T, or AE val-ues as dependent vari-
ab1es, and concentration of phenolics, eoncentration of
sugarso AH and Nitrogen solubility index as independent vari-
ables to determine the rel-ationship between color and these

factors. coefficients of determination were calculated to
measure the strength of relationship between color (Hunter

Values 1,, a and¿lE) and concentration of phenoli-cs"

3

l+



CHAPTER 4

RESULTS AND DISCUSSION

4"L Characterization of Raw n'laterials

The two selected sunflower varieties represented an

oil type and a confectionery type o As expected the oil
variety (Peredovik) had a higher oil content and a lower pro-

tein content than the confeetionery variety (Sundak) as shown

in tabte 1 (Section 3.L) " The ínverse relationship between

oiI and protein content has been wel-I documented and agrees

with findings of other authors (Earle et aI, t96B). The

differences in the concentrations of other constituents found

in these two varieties were of less magnitude u This is illus-
trated by the stightly higher values for soluble sugars and

phenolics were obtained for Sundak variety compared to

Peredovik variety" Both the amount of soluble sugars and the

amount of phenolics were in agreement with reported values

for these constituents (Mikolajczak et al, L970; Sabir et alo

t9?+' L975; Ceg1a and 8e11, t977).

.4. further attempt to characterize these two varieties

was performed by Osborne classification of the proteins" The

results are presented ín Table 3, The major proteins of both

varieties were primarily salt solubl-e u globulins, also contain-

ed signífieant amounts of water solubleu albuminsu and alkali
soluble, glutelinso This data is in agreement with those presented

26
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Table 3

Osborne Fraetionation of the Proteins of the

Sunflower Kernel

Percent of total itroeen soluble i

Varietv H^o (% Nacl ?o/ EtoH o '2l NaoH

Sundak LI+.Bz 56 ,o?

Peredovik 21,92 59 .37

3,45

4,L5

L6 "06

L2.77



2B

I\ |\
I
j

by Sosulski and Bakal (t969) " The proportion of water soluble

albumins and ethanol soluble prolamins protei-ns was higher

for the samples of Peredovik variety. In general the pro-

teins of the Peredovik variety showed a higher solubility
than those of Sundak, with the exception of the glutelins of

Sundak which were more so1uble.

The amino acid composition of both varieties is given

in Table 4, There were no major differences found between

the two varieties. This was consistent with studies by Earle

et alu (1968) who reported sinÍlarity of amino acid composition

for a selected group of seven different sunflower vari-eties 
"

l+,2 Effieiency of Extraction Procedures

Phenolic, sugar and protein content were determined in

all the meals and protein eoncentratesr âs shown in S.ppendix 1,

Amino acid composition was determined in the meals (laUte 4)

and. in the protein concentrates (Appendixes 2r3r4). The pro-

tein content of the concentrates ranged from 59 to 6?%" Yields

based on dehulled seeds were 34 to 48/, total solids for the

Sundak variety and 26,4 t,o 40% total solids for Peredovik

varietyo The slightly lower yields for Peredovik variety than

for Sundak variety reflect the higher protein content of the

Sundak variety" Yields in terms of protein were between ?6 "6

to 92% wit]n a mean value of 86"8%'

Efficiencies of the extraction procedures were assessed"

These were based on the removal of phenolics and Ba% ethanol-

soluble sugars, Further evaluation of the extraction
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procedures were based on protein loss, lysine loss and iso-
leucine loss.

Removal of phenolics and sugars, and l-oss of proteino

lysine and isoleucine were calculated. The calculations \{'ere

based on the composition data of the samples given in Appendix t.
An example of the computatj-ons is given in Appendix 5.
The results obtalned for both varieties and the different
extraction procedures are conpiled in Table 5, Removal of

phenolics from partially or fuIly defatted meals was better
than 90% for both solvent systems (acidic butanol and acidie

methanol-) and alt extraetion procedures, Acidie methanol- was

a more effective solvent for the removal of sugars than acidic

butanol. 0n the average acidic rnethanol- solubilized 1,o-2O%

more of the sugars than acidic butanol. Efficiency of acidic

butanol in terms of removal- of phenolics and sugars was in
agreement with data reported by Sodini and Canella (L9??).

The values obtained for protein 1oss, lysine loss and

i-sol-eueine l-oss are shown in Table 5 , Protein loss was

smaller with acidie butanol than with acidic methanol for both

extraction procedures (batch and countercurrent), Lysine

loss and isoleucine loss followed similar trends as protein

loss. For both amino aci-ds the decreases were of same

rnagnitudes OA7,7 but were on the average about 5y'" points higher

than those of protein.
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4.3 Effect of Extraction Procedures on Protein Denaturation

The nagnitude of protein denaturation determines the

quality of proteíns to a high degree. In general a highly

native protein or a protein with little denaturation shows

better functionality than a completely denaturated protein
(Murray et al, tg?B). Partial denaturation of proteins can

however improve their nutritional value. One example would

be soybeans, mild heat treatments seem to improve the diges-

tibility of its protein, This is related to denaturation of

a trypsin inhibitor. Since sunflower protein does not con-

tain any antinutritional faetors one should ain for protein

preparation with the l-east amount of denaturation" Thus the

measurement of protein denaturation is a neasurement of
protein quality.

The parameters measured in this study to estimate pro-

tein denaturation were the following:

a) Nitrogen solubility index at pH 7.0 (NSI)

b),Transition enthalpy (AH) obtained by DSC

c) Nitrogen solubility profiles over a pH range from

pH 2 to 9"

I\¡SI and AH values are presented. in table 6 ' The obtained data

for the partially and fully defatted meals confirrned that

Peredovik protein v¡as more soluble than Sundak protei-n. Fan

et al, (7976) and others reported similar NSI values for
defatted sunflower mea1s. To estimate the effect of extraction
procedures on protein denaturation NSI and 4H values were
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compared with NSI and AH values of the parent partially
defatted meals and the parent ful1y defatted meals respectiv-

ely. The findings can be summarized as follows.

Samples extracted with acidic butanol (batch or counter-

current procedure) had higher NSI and áH values than those

extracted with acidic methanol.' The countercurrent procedure

caused more protein denaturation than the bateh procedure.

This agreed with findings reported by Fan et al (t976). They

reported that the countereurrent scheme compared with the

bateh extraction system caused a higher degree of denaturation.

Direct extraction of crushed sunflower kernels with

acidic butanol resulted in protein concentrates with higher

degrees of protein denaturation when compared with the ones

prepared from defatted meals. The crushed kernels were

extracted for six times to ensure complete removal of oi1.

The defatted meal-s were extracted four times with acidic

butanol result5-ng in slightly better quality of the proteins.

NSI and AH values indicated similar trends and were

correlated as shown in Figure 2. A linear correlation co-

efficient of r = O.95 (p(0.001) was found for the Sundak

variety. In the case of Peredovik the correlation co-

efficient r was 0,73 (p( 0'o25).

The nitrogen solubility profiles as presented in

Figures 3 to 9 confirmed the findings obtained by measuring

NSI or âH. 
_Ott 

extraction procedures resulted i-n a slight
decrease of the protein solubility over the entire pH range



35

Figure 2. Correlation between values of N.S.I. and âH

Peredovik
Y - 17.+ + 7.88
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investigated. However no other changes were observed. The
isoelectric point was between pH u,5 and 5 for arI samples,

Both varieties (Sundak and peredovik) followed simíIar
sol-ubil-ity patterns ( Figure 3) . The overalr_ protein solu_
bility was higher for peredovik variety. Extraction with
'acidic methanor resulted in lower overall solubility than
with acidic butanor- (Figures 4 and ?), this was independent
of the variety

comparison of batch and countercurrent procedures
showed the following. The nitrogen solubility profiles were
similar for both varieties and both procedures when acid.ic
butanol was used as solvent, (Figures 5 and g).

Extraction with acidic methanol in the coirntercurrent
scheme for sundak variety resulted in a decrease in solubility
as compared to the batch extraction (nigure 6). The samples
of Peredovik variety extracted with acidic methanol had
simil-ar nltrogen sol-ubirity profiles for the batch or counter-
eurrent procedure (nigure 9),

l+,4 color Iüeasurements on sunflower Meals and concentrates
Discoloration of sunflower meals and concentrates has

been the major drawback for the acceptance of products contain-
ing sunflower protein preparations. A protein preparation
with a light color, ideally white, wouÌd be the characteristie
of a high quality product. rn this study color of meals and

concentrates was evaluated using a Hunter color difference
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Figure J Nitrogen solubil-ity of partially defatted meals
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Figure 4.

40

Nitrogen solubility of protein concentrare
extracted wlth l\lethanol and Butanol
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Figure J. Nitrogen solubil_ity of
extracted with Butanol_.
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Figure / , Nitrogen solubility of protein concentrate
extracted with Methanol and Butanol
Batch procedure, Variety Peredovík
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Figure p. Nitrogen solubility of protein concentrate
extracted with lúethanol. Variety Peredovik
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meter. Color measurements were performed on the dry samples

and on flour in water slurries.
A]1 the dry samples had a buff appearance. Extraction

with acidic butanol yielded lighter protein concentrates

than extraction with acidic methanol as indicated by higher

L values and lower AE values (Tab]e 7), fhis was the case

for both varieties and both extraction procedures, However

color measurements on dry samples are of timited value in

evaluati-ng color characterj-stics of protein concentrateS.

Such preparations would probably be added to food produets

and subsequently heated (cooked). Evaluation of the color

on flour i-n water slurries submitted to heat treatment at

neutral and alkaline pH is therefore more meaningful because

these systems simulate actual food systems and processing

condi-tions, Hunter values obtained on flour in water slurries
(pH 5.0 to 6,5) are shown ín Appendíx 6 and the Hunter val-ues

determined on the same slurries after heat treatment are

tabulated, in .A.ppendix f . Comparison of the Hunter values for

the slurries before and after heating suggested that heating

does not increase discoloration" The appearance of the pro-

tein coneentrate slurries was a light buff with Hunter values

within 66 and ?2 for Lu -L.4 and O for a and 6.4 and 9.2 for b.

These values compare favorably with Hunter values obtained on

heated B% wheat fÌour pastes which were as follows:

L = ?4, ? = 4,2, and b = 11"8 (Hoehn et â1, t9?6). The pro-

tein concentrate sl-urries were lighter, indicated by higher
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L values, than the defatted meal slurries ' Both solvent sys-

tems o independently of procedure, yielded similar preparations

in terms of color. This was true for both varieties used in

this study.

It has been well- documented that discoloration of sun-

fl-ower meals was accel-erated under alkaline conditions.

Green discolorations occurred at pH 8'0 and higher, attributed

to the presence of chlorogenic acid and other phenol5-cs

(caffeic acidu iso and neo-chlorogenic acids, etc.). å'

green color was observed in flour in water slurries of partia-

l]y and. totally defatted meals when the pH was adjusted to 8.

The Hunter values before heating are shown in Appendix I and

the Hunter values of the same slurries after heating are

shown in Table 8. I{eating of the alkaline slurries increased

diseoloration slightly as evident from Hunter g and L values

in Table 8. l{o greenness was observed in the alkaline pro-

tein concentrate slurries as indicated by a values betweerT

-2,9 and 2.8" the protein concentrate slurries were lighter

in appearance than the defatted meal sÌugies, indicated by

Hunter L values (Appendixes 6, ? and 8, TabÌe 8).

Both solvent systems and both extraction procedures

had similar effects in terms of color as indicated by the

Hunter values obtained on alkaline protein concentrate slur-

rles. Again this was true for both varieties 
"

Color measurements on the alkaline and heated slurries

served as a basis for invesiigation of the relationship



va
rie

ty
 

T
re

at
m

en
t 

a¡
d 

S
ol

ve
nt

 
10

0 
=

 w
hl

te
 

po
" 

=
".

.d
 

po
s 

=
by

er
ro

w
 h

ig
h 

ilo
.. 

"o
ro

"
0 

=
 b

la
ck

 
ne

q 
=

 g
re

en
 n

eq
 =

 b
lu

e 
lo

w
 =

 le
ss

 c
ol

or

C
on

tr
ol

 (
P

ar
tia

lly
 

54
.2

6f
 

-8
.0

0b
 

9'
1c

,d
 

40
.?

o
D

e 
fa

tte
d 

)
3a

tc
h.

 À
c.

 B
uo

H
 

54
,)

O
f 

-O
.5

le
 

14
.?

5a
 

41
 .

27
B

at
ch

. 
Â

c.
 M

eO
H

 
S

Z
.i6

a 
-o

.i6
e 

t2
.?

6t
 

37
,9

L
C

ot
¡r

te
rc

ur
re

nt
 
À

c.
 B

uO
H

 
J8

,2
Jc

 
-1

 .Y
d 

9.
30

c 
)6

,2
4

C
ou

nt
er

cu
ffe

nt
 

A
c.

 M
eo

H
 

J2
.6

og
 

2.
50

g 
8.

46
e 

41
.8

1

T
ab

le
 I

C
ol

or
 M

ea
su

re
ne

nt
s 

on
 S

Ìu
rr

ie
s,

 p
H

 8
.0

, 
H

ea
te

d 
up

 to
 e

oo
C

.

S
U

N
D

A
K

C
on

tr
ol

 (
F

ur
fy

 D
ef

at
te

d)
 

42
.ó

0h
 

-t
o.

¡¡
oa

 
6,

73
8 

52
.2

2

B
at

ch
. 

Â
c.

3u
0H

 
JJ

.O
6e

 
-2

,9
oc

 
8.

96
d 

)9
,3

4
B

at
ch

. 
Â

c.
 Il

eo
H

 
59

.1
0b

 
2.

lr0
g 

?,
3O

1 
35

,2
3

llo
n 

de
ftd

. 
ex

td
. 

A
c.

 B
uo

H
 6

).
16

a 
o.

56
f 

9.
c0

d,
c 

31
.4

0

P
S

R
E

D
O

V
IK

 C
on

tr
ol

 (
F

uI
Iy

 D
ef

at
te

d)

B
at

ch
. 

Â
c.

 B
uO

H
B

at
ch

. 
A

c.
 l,

te
0H

N
on

-d
ef

td
. 

ex
td

. 
A

c.
 B

uO
H

C
on

tr
ol

 (
P

ar
tia

).
Iy

D
e 

fa
tte

 d
 )

B
at

ch
. 

A
c.

 B
uO

H
ts

at
ch

. 
l'c

. 
lie

0H
C

ou
nt

er
cu

rr
en

t 
Â

c.
 B

uO
H

C
ou

nt
Ê

rc
ur

€n
t 

Â
c.

 M
e0

H

lY
al

-u
es

 n
ot

 b
ea

rln
g 

th
o 

sa
6e

 e
ub

ec
rip

t 
ar

e 
sl

gr
tfl

ca
nt

ly
 d

tff
er

en
t 

(p
 

0.
05

).

48
.9

0e
 

-9
.8

0b

59
.5

6c
 

-0
.5

0e
55

 ,?
61

 
2 

.8
0 

6
56

,z
oe

 
-1

.9
3c

64
.1

0a
 

1.
11

f

37
.1

0h
 

-1
),

9o
a

58
,fi

d 
-1

 .
00

d
62

.0
3b

 
r.

2o
r

58
.1

3d
 

-0
.4

0e

A
 

'1
^E

B
.c

of
9.

70
a

9.
06

c
8.

¡+
6e

4.
96

h

8.
86

d
9.

03
c

t+
5,

94

)4
.7

0
38

.9
4

.ìÂ
 tr

30
 .

41

58
. 

1B

J5
.8

6
)¿

,)
)

1A
 1

n



4B

between discoloration and certain constituents in sunflower

meals and protein concentrates. This treatment was chosen

because it showed most severe degrees of discoloration of

all the systems investigated.

Itlultiple regressions were calculated " Hunter L

(tigtrtness) or AE (totat color) values were the dependent

variabl-es. Concentration of phenotics ' concentration of

soluble sugars, nitrogen solubility index, anddH were chosen

as the independent variables. As expected., it was found that

phenolics contributed largely to discoloration in both

varieties. Both lightness (1,) and total color (Àe¡ increased

proportionally with increase in phenotics as shown in Tables

g and 10. Protein denaturation (as measured by nitrogen

solubility index) was the only other significant factor con-

cerning discoloration.

on sample slurries of Sundak variety 17% of trle changes

in lightness (f) and t4% of changes in total color (ÁE)

could be attributed to protein denaturation (Tab1e 9). How-

ever for the Peredovik variety protein denaturation seemed

to be of negligible importance. On1y 1,/" ctrange of lightness

or total color was related to nitrogen solubility index

(Table 10) " The amount of sugars found in the samples did

not contribute to discoloration"

The results of the regression analysis indicated the

importance 9f phenolics' suggesting that discoloration could

be predicted by simply determining linear regression between
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phenolics and discoloration. In Figures 10, 1L and 12,

Hunter readings tr, a And ÂE were plotted against phenolic

concentration. Hunter a values axd phenolics were highly

correlated for both varieties ' The linear correlation bet-

ween phenolics and lightness (t) or total color (88) was

high for the Peredovik variety but moderate for the samples

of Sundak varietY"
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Figure 1-2 " Effect of Phenolics on Total Color Change (48 )

Peredovik ¡:-¡3
f = 32 .94 + 4.8X

t^ = O,)4
r' = O.89

Sundak ç'.:-v
Y=35,9+3,2?x
r, = O,76r- = 0.58

E

È
Condition 4

% Phenolics



CH.A.PTER 5

CONCLUSIONS AND RECOft{MENDATTONS

The present study investigated the effects of acidie

butanol and acidic methanol in the preparatj-on of sunfl-orver

protein concentrates" Several criteria were used to aSseSS

the potential of acidic butanol or acidic methanol as solvents

in preparing protein concentrates from Pered.ovik and Sundak

sunflower kernels.

These criteria were 3

1) Efficiency in removing phenolics and 80% ett'anol-

soluble sugars.

2) Protein losseso loss of lysine and isoleucine

3) Protein denaturation

4) Magnitude of discoloration

Both solvent systems were equally effective i-n removing

ohenolics, Acidic methanol was more effective in removing

sugars than acidic butanol. Protein losses were similar

regardless of the solvent system used. îhe quality of the

resulting concentrates differed. Protein quality was lower

when acidic methanol was employedu âs measured by protein

denaturation (NSI, ,!H, and nitrogen solubility profiles).

Regardless of whieh solvent system was used, the quality of

the concentrates in terms of color was similar' Both systems

yielded an acceptable Product.

55
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Two procedures $¿ere followedo these were a batch

procedure or a countercurrent proeedure " The use of less

solvent was the obvious advantage of the countercurrent

seheme " otherwise there were no advantages in using one

system rather than the other.

Phenolics were the main cause of discol0ration of the

meals and protein concentrates¡ âs indicated by the statis-

tical analyses of the data on color measurements o However

the protein denaturation (measured by NSI) contributed to

the variation of lighiness (t) and total color ( B) " gne

explanation could be thatu the denaturated protein has more

amino aeíd. residues exposed." these can react with other

compounds present in the slurry¡ ê"8o sugars (Mail-lard

reaction), giving eolored products. Based on the data pre-

sented in the results and discussion there vrere no discern-

able di-fferences between acid'ie butanol and acidic methanol'

Other factors must be eonsidered. If defatted meals àr.e used

as the starting materialr acidic methanol would be the solvent

ofchoice.IUethanolwasmoreeasilyremovedfromtheresult.
ing concentrates than butanol" Butanol also effectively

removes lipidsu hence crushed sunflower kernels can be used

as the starting naterial" Phenolics are extracted with the

oil and further studies should be undertaken to determine

their ease of extraction from the oil-"

Further study is required on the effect of different

alcohols in terms of protein denaturation, rt appears that
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when there is litt}e water present in the solvent system

the effect of alcohol on protein denaturation may be inversely

proportional to the chain length'

Evaluation of the functional properties of proteÍn con-

centrates obtained. with the methods used in this study, along

with incorporation into food. systems would provide the final

proof on the feasibility of such concentrates as food

ingredientsn One possibte application of sunflower protein

concentrates would be to supplement high caloric diets '

Such diets are still predominant in developing countries,

including Mexico, where cereals and pulses constitute a big

portion of the dailY diet'
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APPendix 2

Amino .A.cid Composition of Sunflower Protein Concentrates
VarietY Sundak

Ptly. Deftd. Pt1y. Deftd. PtIy. Ðef'
Ac o IdeOH

Ptly. Deftd.
.Ac. Bu0H Aco MeOH Ae n BuOH

c.c.1Amino Ac

Lysine

Histidine
.A.mmonla

Arginine

Aspartic Acid

Threonine

Serine

Glutamic .A.cid

Proline

Glycine

Alanine

Cystine

v ã.-L l-ne

Batch

t.L39

0.823

o,?98

?,834

2,8?8

1,L83

L.L72

6 "tz7
1,362

t,76r
1,,utl
o.g5l

1 ,883

t "422

t "49L
2,t58

o,61+7

1 .51+5

(1 I

I\[etnionine

Isoleucine

leucine

Tyrosine

Phenylalanine

L.46t

t.oo?

t,062

3 .400

3"547

L "394

L,43B

?.?3Lt'

L,6T2

2,182

1.608

t,026

2,L85

t,221

t,785

2,56t

o ,597

r.6? 5

1 .I+30

0,955

L.081

3,8+5

3,798

1.þ1L

1,5t3

I "330

L,742

2,3L7

L,?65

1_.046

2.424

L,22B

1-.873

2 "771t

o,955

L "96g

1-,228

o .940

o,gl+?

3 ,t+9 5

3 "46?
L.322

'l- ")82
7,+83

L "598
2.O92

1, "6Ltl+

t.o28

2 ,2I4

t,359

1-.7L1+

2.527

o.832

1.BOB

It
% A,^,

lcountercurlent
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APPendlx 3

Amino ,{cid Composition of Sunflower- VarietY Sundak
Proteín Concentrates

FuIIy Deftd.
Ac " BuOH

Batch

Fully Deftd' Direct1Y Extd'
Ac" BuOHAc. MeOH

Batch Batch
.A.mino Acidl

Lysine

Histidine
Amrnonia

Arginine

Aspartic Aeid

Threonine

Serine

Glutamic Acid

Proline

Glycine

.A.l-anine

Cystine

Valine

Methionine

Isoleucine

I,eueine

Tyrosine

Phenylalanine

r.6?6

t "244
1-,261

4.442

4.518

L,696

t "779

9.7?6

2,Ot?

2.658

1,996

r,358

2.817

1.532

2 ,233

3,?O2

o.950

2,3?5

t.Bo2

I.7tB
1.371

I+ 
" 559

4,709

t,873

L,g24

1O,518

2,LL8

2.876

2 ,L43

1.659

2.968

1,63t
2,388

3 .408

0"881

2,236

t,6L+2

1",225

! "262

4 "456

4.424

t,67L

1,,?65

9,63)

1,874

2,67t+

1,977

r,85?

2,?86

L ")97
2 "171

3,2t)
! "21,2

2 "35L

n/o 
A,A,

lcountercurrent
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.A,ppendix 4

Amino Acid Composition of Sunflower Protein Concentrates- Variety Peredovik

Ptly" Ptly. ltIY, ftly: DireetIY
oefîd. Deftd' Deftd. Deftd. extd.
Ã¿: ÈuOH Ac. IVieOH Ac. BpOH Ac. MeOH 'A'c ' BuOH
Þ^*ara Rarah e -e ^r c.c. Batch

o% o"o.
lcountercurrånt

Amino Aei rì* Batch Batch c.c. Ba

Lysine

Histidine

Ämmonia

Arginine

Aspartic Acid

Threonine

Serine

Glutamic Acid

Prolïne

Glycine

Alanine

Cystine

Valine

Methionine

Isol-eucine

T,eucine

Tyrosine

Phenylalanine

1,8O7

1.309

L,354

4,831

l+,79i

t,?6t
L "go3

LO " 52O

z,L86

2 "824
2,L2t

r,172

2,9?2

r,463

2.325

3,429

!,22L

2.472

r,064

o.727

o,6?8

2'533

2"475

1 .0o3

1_.Oj1-

5.38+

1-,L9L

r.568

1, "226

o.6t+7

t.628

o.97L

L,263

t,gog

o.7L3

t.34t

t,56t
1.o9O

L.1,56

3.759

3,76r

r.393

t.638

8.59+

t.609

2.337

L.670

o,?69

2,370

t,o7r
1,878

2.793

0 ,888

L.7gg

1.005

O.7Ol+

0,65L

2.43?

2 "l+31

| "ol2
I.02L

5 .084

1.LL?

1,,5t6

1-,?06

o "694
1-.602

t.o?9

t,246

1 ,8?B

o.658

t.3r5

L,633

L.t23

1,.Lo3

).899

3 "950
L,55t

t,623

8.465

1_ ,7 5?

2,455

1-,773

o "932

2.51Q

t,L21+

1.956

2,91+8

o "944

t,853
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-ÀPPendix J

Calculation of % Cornpounds Removed

C-(AxB)xloo=p
c

Where

A. % of compound in protein concentrate

B, % Yield in solids

C. % of comPound in control nreal

D. % of comPound removed

Example "

A, = o ,)fo

B = 2?,?%

c = 3.5%

3,< - (o,1 x o,?7?\ x 100 = g?,62y', of compound removed
3"5
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