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ABSTRACT

Flaxseed has gained attention lately due to its content of functional ingredients.
This work deals with the preparation of refined protein products from flaxseed flour.
Three protein isolates namely , flaxseed protein isolate | ,prepared by the alkali-
extraction isoelectric precipitation of the protein, isolate I, prepared by zlkali
extraction of the protein then spray drying. Isolate Il same as isolate I, but freeze
dried. Two flaxseed protein concentrates were also prepared. Concentrate |, prepared
by acid washing at the IEP of the protein and concentrate I, prepared by 80% ethanol
washing. Results revealed that flaxseed protein isolate | was superior to isolate Il and
Ill, regarding its protein content, protein digestibility and functional properties.
Concenirate | was better than concentrate 1l. Amino acid analysis of the flaxseed
protein products revealed that lysine was the first limiting amino acid followed by
threonine. Chemical score of individual amino acids also confirm the amino acid
content (resulting from analysis) of flaxseed protein products. Essential amino acid
index and biological value were higher for all flaxseed protein products than that for
soybean flour. All protein product were rich sources of sulphur amino acids. Protein
products exhibited poor nitrogen solubility as indicated by the nitrogen solubility index,
but had favorable water absorption capacity, oil absorption capacity and emulsifying
capacity.

Keywords : flaxseed , isolate , conzentrate , functional propertise.

INTRODUCTION

Flaxseed (Linum usitatissimum L.) is cultivated since 3000 B.C., flax
can be traced back to approximately 10,000 years to the stone age people of
Switzerland (Anon, 1984). Flax is generally cultivated for its fiber and oil. The
ancient Egyptians have consumed linseed oil in their traditional food from the
time of the pharachs to the present day. In Ethiopia, they consume the seed
often roasted in a stew (Wat), as a porridge (Gumfo) and a drink (Chilka).
People of India and China consume flaxseed in the diet mainly as oil. The
extensive, long standing culinary use of flaxseed and domestically produced
flax oil strongly suggest a history of safety in those large middle and far
Eastern populations. Flaxseed contains generally over 38% oil , which is
usually recovered by pressing. The pressed oil cake contains about 8 to 18%
residual oil. To obtain an oil free meal, pressing should be followed by solvent
extraction. The defatted flaxseed meal contains from 30-36% protein (Oomah
and Mazza, 1993). Amino acid composition of flaxseed protein is comparable
to those of soybean and canola protein (Bhatty and Cherdkiagtumachai,
1990, Wanasundara and Shahidi, 1994). Pressed and crushed flaxseeds has
been mainly used as a fodder especially for ruminants due ta its relatively
high protein content and favorable digestibility. It has generally been
considered unsuitable for food applications, partly due to cyanogenic
glycosides contained in flax seed (Oomah and Mazza, 1993). Moist and dry
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heat treatments as well as ethanol extraction removes cyanogenic glycosides
(Madhusudhan and Singh, 1985, Kozlowska, 1989). As early as 1948, the
possibility of isolating proteins from defatted flax meal by an alkali extraction
process followed by acid precipitation has been reported (Smith et al., 1964).
. Other authors described solubilization and isolation of flaxseed proteins by
"salt or alkali solutions (Sosulski and Bakal, 1969, Madhusudhan and Singh,
1983). The extractability of proteins from Canadian flaxseed cultivars by
changing the pH and ionic strength of the medium, and meal to solvent ratio
was described (Oomah et al, 1994). Optimization of hexametaphosphate
assisted extraction of flaxseed proteins using response surface methodology
was also reported (Wanasundara and Shahidi, 1996). Interest in flax proteins
has increased because their functional properties such as water binding, oil
absorption and emulsifying activity are comparable to soy protein (Dev and
Quensel, 1986, Oomah and Mazza, 1993).

In this work different protein products were prepared from flaxseed
meal namely: protein isolates and protein concentrates. The conditions of the
preparation for t he three isolates and two concentrates were different and
their effect on the chemical composition, essential amino acids, in vitro
protein digestibility and functional properties were examined.

MATERIALS AND METHODS

1. Material

Flaxseed was supplied by the Ministry of Agriculture (Season 2002).
The oil was first extracted by pressing the oil cake in a laboratory hydraulic
press which yielded an oil cake containing 10% oil. This oil cake was further
extracted in a soxhlet apparatus using n-hexane until the residual oil did not
exceed 1%. The resulting flaxseed flour was spread to dry then finally ground
to pass 80 mesh screen.

2. Methods
2.1 Chemical composition

Moisture, oil, protein, ash and crude fiber were determined according
to AOCS methods of analysis (1998). Nitrogen solubility index (NSI) also
according to AOCS (1987), water absorption capacity as described by Huber
(1982), oil holding capacity according to Lee et al. (1992) and emulsifying
capacity was measured by the method of Swift et al. (1961). Nitrogen
solubility according to Lyman et al. (1953). Amino acid analysis was carried
out according to Moore et al. (1958) and Spackman et al. (1958).The protein
sample were hydrolyzed with constant boiling aqueous 6N HCI at 110°C for
24 hours, for tryptophan determination, samples were hydrolyzed with 5M
KOH at 110°C for 18 hours. The chemical score CS of essential amino
acids, essential Amino Acid Index (EAAI) and Biological value (Bv) were
calculated according to Oser (1959)./n vitro protein digestibility according to
Hsu et al. (1977).

2.2. Solubilization of flaxseed protein
To determine the normality of sodium hydroxide for optimum
solubilization of the protein, flaxseed was solubilized in sodium hydroxide
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solutions with different normalities ranging between 0.01 to 0.06 N-NaOH
according to Lyman et al. (1953). The flaxseed protein was solubilized in
0.03 N sodium hydroxide solution,(proved to be the most efficient normality)
at a meal to solvent ratio 1 : 25 using an ultraturrax stirrer for 30 minutes.
The protein solution was then subjected to centrifugation at 4000 xg for 20
minutes. The supernatant was saved for further studies while residue was
discarded.

2.3. Isoelectric precipitation of the flaxseed protein

The protein extract resulting from 2.2. was subjected to isgelectric
precipitation to determine the isoelectric point of the protein (IEP) .The
isolelectric point was determined as described by Taha et al (1981) by
subjecting protein extract to isoelectric precipitation as follows. Aliquots of the
protein extract 40 ml were subjected to pH adjustment using drops of B N-HCI
(from pH 3 to 6) after pH adjustment the protein extract were centrifuged at
3000 x g for 30 minutes and the volume of supernatant was recorded.
Aliquots of supernatant (0.5 ml) were taken for the determination of non-
precipitated protein. The percentage of precipitated protein was plotted
against the pH in order to determine the isoelectric point of the pratein.

2.3.1. Preparation of protein isolates

Flaxseed flour protein was extracted with 0.03 N-NaOH as described
in 2.2. The pH of the protein extract was adjusted to its (IEP) determined in
2.3. The precipitated protein was washed twice with acetone, then diethyl
ether and finally was spread to dry at room temperature (Taha et al., 1981)
isolate (I).

2.3.2. Preparation of Isolate Il

In this procedure the protein extract from 2.2 was directly subjected to
spray drying (Buchi 190 : 40°C and 400 Vacuum) to yield isolate (II).
2.3.3. Preparation of Isolate 1l

Here the protein extract from 2.2 was dried in a freeze dryer
(EdwardsModulyo — : -40°C and 0.1 Vacuum) to give isolate (.

2.4. Preparation of protein concentrates
The protein concentrates were prepared by two methods.

2.4.1. By acid wash :

The flaxseed flour was extracted at the IEP (pH 4.5) of the protein, at
a flour to solvent ratio of 1:10 for 15 minutes using ultra turrax stirrer, then
centrifuged at 4000 x g for 20 min. The supernatant was discarded and the
precipitate washed twice with acetone followed by diethyl ether and finally
was spread to dry at room temperature (Taha et al. 1981) This resulted in
concentrate |.

2.4.2. Washing with ethanol :
Flaxseed flour was extracted with 80% ethanol at flour to solvent ratio
of 1:10 for 30 minutes using a magnetic stirrer. The extract was then filtered
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and the precipitate was spread to dry at room temperature. (Bhatty and
Cherdkiagtumachai, 1990)This procedure gave concentrate |l.

Experiments were replicated twice while all analysis were carried out
in triplicates.

RESULTS AND DISCUSSION

The main components of flaxseed are oil and protein, the latter is
concentrated in the defatted meal or flour. Although flaxseed oil has gained
interest because of its content of a-linolenic acid (Cunnane and Thompson
(1995) untill now, a few comprehensive studies have been published on the
meal and its protein products.

1. Solubilization of flaxseed protein:

Table 1 gives the chemical compostion of the flaxseed flour. In order
to extract the protein from flaxseed flour, it was necessary to determine the
effective normality of sodium hydroxide solution that results in maximum
protein extraction. Table 2 shows that maximum protein was extracted with
0.03 N-NaOH, where 98.44% protein was extracted.

The use of sodium hydroxide solution for protein extraction from
other oilseed meals was recommended by several investigators (Taha et al.,
1981, Lyman et a!., 1953, Dev and Quensel, 1986).

Table 1. Proximate composition of flaxseed flour and protein products
prepared thereform*

Flaxseed protein |Protein|Qil %/ Ash | Crude |[NFE** % Digestibility
products % % |fiber % Ye
Flour 419 |1.03| 6.9 15.6 34.6 71.0
Protein isolate | 769 [1.00] 0.9 8.3 12.4 83.0
Protein isolate Il 596 (090 1.2 14.2 24.0 a7
Protein isolate 1l 576 | 1.01.] 1.3 14.9 254 76.9
Protein concentrate | 63.2 [{090| 06 6.3 29.0 80.9
Protein concentrate Il| 58.6 | 0.20| 0.8 6.4 323 81.8

* All values are given on moisture free basis.
** NFE: nitrogen free extract calculated by difference.

Table 2. Nitrogen solubility of flaxseed proteins in different normalities
of sodium hydroxide.

Normality of NaOH N-Solubility %
0.01 10.16
0.02 54.19
0.03 98.44
0.04 87.50
0.05 86.60
0.06 87.50

2. Precipitation of flaxseed protein:
In order to establish the condition for the precipitation of flaxseed
protein from the protein extracts (prepared by extracting protein with 0.03 N-
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NaOH at 1 : 25, flour : solvent ratio, for 30 min.), the isoelectric point was
determined. Figure 1 illustrates the precipitation curve of flaxseed protein and
it is evident that maximum precipitation takes place at pH 4-5 where 88%
precipitation was affected. Least nitrogen solubility at a broad range pH 3.0-
6.0 for flaxseed protein was reported in the literature (Madhusudhan and
Singh, 1983).
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Fig 1. Iso-Electric Precigitation Curve of Flaxseed Proteins.

3. Proximate composition of flaxseed protein products

Table 1 gives the chemical composition of flaxseed protein products,
namely, protein isolate |, protein isolate Il, protein isolate Ill, protein
concentrate | and protein concentrate Il.

Protein contents of isolates |, Il and Il are 76.9%, 59.6% and 57.6%,
respectively. Protein content of isolates prepared from other oilseeds by alkali
extraction and isoelectric precipitation range between 90-100% (Taha et al.,
1981, Abbasy et al. 1981, Taha et al., 1987).

The low protein content of the flaxseed isolates is attributed to the
high content of mucilage in the seed hulls. As early as 1964, Smith et al.
attempted the possibility of isolating flaxseed protein by alkali extraction-acid
precipitation, separation and drying of precipitated curd, but results were not
as expected. This method although suitable for soybean protein was not
effective for flaxseed, since flaxseed hulls are rich in p olysaccharide gums
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which interfere with the settling and isolation of proteins (Mazza and
Biliaderis, 1974). Dev and Quensel (1988) used isoelectric precipitation for
the preparation of flaxseed proteins with varying mucilage content and the
protein content of these preparations ranged from 56 to 86%.

Protein isolate Il and Il which were alkali extracted then spray dried
or freeze dried, r espectively, ¢c ontain | ess protein than the acid precipitated
isolate, probably because the extracted protein and mucilage are dried
together yielding less protein content in the isolates. However s pray crying
and freeze drying are rather expensive, techniques for the industry and were
used only for researches.

Although the presence of mucilage is a disadvantage to the protein
content and purity of the isolates, yet these isolates containing mucilage will
probably have improved functional properties, also the presence of mucilage
exhibits gcod health effects as reported by (Cunnane and Thompson 1995).

Protein concentrate | prepared by acid washing contained 63.2%
protein which is within the normal range of protein concentrates. Dev and
Quensel (1989) reported a flaxseed protein concentrate to have 65.5%
protein, flaxseed mucilage was reported to be extracted from a hull fraction
by use of acidified water at pH 4.5 (Bolley and McCormack, 1952).

Protein concentrate Il that was washed with 80% ethanol has protein
content less than concentrate |, This may be due o some cf the mucilage
was not washed out with the soluble sugars and remain with protein. The fact
that lower alkanols precipitate mucilage that inevitably, remain with protein ,
was reported by (Antilla ot al., 1999).

4. Essential amino acids, chemical scores and biological value (B.V.) of
Flaxseed protein products

Results of amino acid analysis in table 3 reveal that the amino acid
corposition of flaxseed protein is comparable to that of soybean protein.
Comparing the amino acids composition of all flaxseed protein products to
the FAO/WHO/UNU pattern (1991) for human adults, it is clear that the first
limiting amino acid is lysire followed by threonine. Meanwhile all flaxseed
protein products are rich sources of sulphur amino acids. As conformation to
these results, it was reported that the protein fraction of flaxseed contains a
favouratle ratio of amino acids, with lysine, thereonine and tyrosine as
limiting amino acids, yet it is considered as a good source of sulphur amino
acids namely, methionine and cystine (Oomah and Mazza, 1998). Tables 4
and 5 are self explanatory, they show the calculated chemical score (CS) of
each individual amino acids based on egg protein as reference, as well as the
essential amino acid index (EAAI) anc biological value (BV) of each flaxseed
protein products and soybean flour, for comparison. The value of individual
amino acids in Table 3 are in agreement with their CS in Table 4. Sosulski
and Sarwar (1973), reported that the protein score based on most limiting
amino acid relative to FAQ nutritional requirements for flaxseed meal is 82
compared to 87 for soybean flour. EAAI for flaxseed flour is 104.05 and is the
highest of all the flaxseed protein products, which had EAAI between 86-100,
soybean flour show an EAAI of 97. Again Sesulki and Sarwar (1973) reported
on EAAI for flaxseed meal 69 compared to 79 and 75 for soybean and canola
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Table 3. Essential amino acid composition of flaxseed flour and protein products prepared thereform, together with

€95L

_soy flour and FAO pattern for comparison (g/16 g N). i
Aivilne scld Flaxseed Flax Flaxsced | Flaxseed Flaxseed Flaxsced Soybean FAO

et flour isolate | | isolate Il | isolate Il | concentrate | | concentrate Il | flour® Pattern**
Lysine 4.2 5.2 50 5.0 49 49 6.6 5.8
Histidine 3.1 5.6 5.3 5.4 5.8 5.6 3.1
Valine 5.6 58 5.6 5.7 5.7 5.5 4.9 3.5
Threonine 51 3.9 3.6 3.5 4.4 4.2 4.2 3.4
Methionine and cysline 5.0 6.6 6.2 6.3 5.8 58 3.0 25
Leucine 6.8 6.5 6.2 6.3 7.0 7.2 7.8 6.6
Isoleucine 50 5.4 5.5 5.5 5.4 5.0 4.7 2.8
Phenylalanine and tyrosine 9.2 10.1 10.0 10.0 99 9.7 8.3 6.3
Tryptophan 1.7 1.2 | %10 1.0 1.0 e b B B fel |
* Bresani (1981).

** FAO/WHO/UNU pattern (1991).

Table 4: Chemical Score [CS].of flaxseed flour and protein products prepared thereform, together with soy flour
T O
Amvine Acids Flaxsced | Isolate | Isolate Il Isolate Il Concentrate IV [Concentrate V| Soybean
flour [normal] |[spray dryer] | [Freeze dryer] [normal] [alcohol] flour VI

Lysine 90 105.5 90.9 104.5 100.9 100 1450.5
Valine 96.3 96.3 85.93 97.8 96.3 96.3 88.9
Threonine 125.0 94.7 77.0 83.3 103.96 101.0 104.2
MethionineCysline 100.9 129.3 110.3 129.3 113.8 115.5 63.8
Leucine 90.9 82.4 72.7 82.4 90.3 i 94.3 107.95
Isoleucine 106.4 109.0 102.7 11538 110.9 104.5 105.5
Phenylalanine Tyrosine | 113.7 | 118.95 108.95 121 115.8 1158 | —105.3
Tryptophan 114.3 77.0 57.0 57.0 65.7 57.1 77.14
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meal, respectively. Our work show the Biological value ( BV) of flaxseed flour
protein to be 101.69 . Other flaxseed protein products had BV above 90%.
Flaxseed protein isolate Il had the lowest CS, EAAI and BV of all the protein
products investigated probably due to the heat encountered in the process of
spray drying during the preparatioOn of the isolate. Dev et al (1986) and
Sambucetti et al (1973), reported BV of flaxseed to be 61.6-77.4.

5. In vitro protein digestibility (PD):

Even though the amino acid profile is important in evaluating the
nutrition quality of a protein, yet the digestibility of that protein is the primary
determinant of the availability of its amino acids. Table 1 shows the PD of the
prepared flaxseed protein products. The PD of all protein products prepared
from flaxseed flour are higher than that of the flour. Values for PD were in the
following decreasing order : Isolate | (83%) > concentrate Il (81.8%)
>concentrate | (80.9%) > Isolate Ill (76.9%) > Isolate 1 (74.7%) > flour (71%).
A value of 90% PD was reported for |ow m ucilage flaxseed p rotein i solate
(Wanasundara and Shahidi (1997). Bresani (1981) reported that PD for
defatted say flour between 84-90% and for soy isolate between 79-93%.

6. Functional properties of flaxseed protein products

The functional properties of protein products must be taken into
account quite apart from its nutritional properties as stated by Finch (1970).
Pour-El (1981) has broadly defined functionality as any property of a food or
food ingredient except its nutritional ones that affected its utilization.

Table 5: Essential amino acid index(EAAI) and biological Value (B.V.) of
flaxseed flour and protein products prepared therefrom

Samples EAAI BV
Flaxseed flour 104.05 101.69
Flaxseed Isolate | 100.3 97.59
Flaxseed Isolate || 86.3 82.33
Flaxseed Isolate Il 96.02 92.93
Flaxseed Concentrate | 98.36 95.48
Flaxseed Concentrate Il 96.18 93.1
Soybean flour 97.18 94.2
6.1. Solubility

Among the functional properties of proteins, solubility is of primary
impertance due to its significant influence on the other functional properties of
proteins (Halling, 1981). In general, proteins used for functionality are
required to have high solubility, in order to provide good emulsion, foam.,
gelation and whipping properties. Nitrogen solubility index (NSI) is generally
taken as a measure for the solubility of the protein. Table 6 indicate that NSI
of all flaxseed protein products are low ranging between 104 to 14.9%
compared to soybean 16.5%.

The poor water solubility of flax seed protein is documented (Dev and
Quensel, (1986),(1988), Oomah and Mazza, 1993).
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Water absorption capacity (WAC %)
oil holding capacity (OHC g/g meal)

Emulsifying capacity (EC mi 0il/100 9)

6.2. Water absorption capacity (WAC)
Since most conventional food products contain more than 50% water,

good water holding capacity is important. Consumers tend to avoid products
that show free water in the package, such as in fresh meat trays, yoghurt etc.
In general water held within a protein structure (gel or powder) can be divided
into two categories: water bound to the protein molecule (absorbed) and the
water trapped within the protein matrix (retained water) water holding
determines the acceptability of @ given food regarding texture, juiciness.and
mouth feel.

Table 6 indicate the high water absorption capacity of flaxseed
protein products protably due to the mucilage content of the products. WAC
for all products range from 590 to 460% compared to 300% for soybean flour.
it is reported that flaxseed products generally exhibit favourable water
absorption (Dev and Quensel, 1986). The high absorption capacity of
flaxseed protein products make it suitable for incorporation in baked foods,
pasta products, doughnuts and others.

6.3. Oil holding capacity (OHC)
The oil holding capacity of a protein based food as the water holding

capacity not only determines the acceptability of given food product (texture,
juiciness, mouth feel) but also the profit margin. Formulations that result in
poor water and fat holding capacity directly transiate t0 liquid losses during
processing (cooling, freezing,....€tc)-

Results in table 6 reveal superior Oil holding capacity of flaxseed
protein products over soybean flour. OHC values range from 1.50 to 4.0 g/g

sample.

Dev and Quensel (1986) demonstrated that in general flaxseed
protein exhibit favorable oil absorption and that the alkali extracted acid
precipitated flaxseed protein isolates held four times 1&ss oil than soybean
isolate. The good OHC of the products suggest their useé in the meat industry.

6.4. Emulsifying capacity (EC)
One of the primary functional requirements of several food systems is

the ability to form emulsion.

7565




) ohamed
2 S. and Samird BN
Fakhrida =:

o 429 2 RIS Tl
AneUson|s detine 39 s
but the structure of most foad EWNW [\ Tty ™ mmp}j)?\%ﬁh\e Viquids,

Erdsion Gapatly s e DA_MNer must commonly estimated in
vanQus Sudies where ol-water emuision are involved. Table § show that gjf
flaxseed protein products except flaxseed floyr Possess higher emulsifying
capacity than soybean flour. EC ranges between 18.6 to 22.0 ml oil/100 g
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products containing different levels of polysaccharide Qums as additives in

Taha,

T Comparison between different methods used for the preparation of
protein products

Comparing previous results it can be concluded that the preparation
of flaxseed protein isolate is more appropriate by alkali extraction and acig
precipitation thus isolate (1) which is characterized by higher protein content,
better digestibility and functional Properties than the other two isolates
Prepared by spray drying or freeze drying.

With refrence to the concentrates, generally concentrate | prepared
by acid washing at the |EP (PH 4-5) can be considered better than
concentrate I prepared by alcohol washing.

Thus, the protein isolate | and concentrate | are the most useful protein
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