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Abstract: Nutritional and functional properties of wheat protein isolate (WPI), wheat germ protein

isolate (WGPI) and their albumin fractions were studied. The results showed that wheat protein

isolates and their albumin fractions an excellent balance of all essential amino acids, with a relatively

high level of glutamic acid, aspartic acid, glycine, arginine, alanine and valine. SDS-PAGE analysis

showed that molecular weights distribution of wheat protein isolates and their albumin fractions were

found to be in the range (19-67 kDa). Protein digestibility (%) of albumin fractions was higher than

that of protein isolates. The results revealed that wheat protein isolates had excellent water retention

(especially at pH 8.0 and 70ºC) and high solubility at pH 9.0. The emulsifying activity index of

WGPI at pH values (1.0 to 8.0) was higher than that of WPI. Emulsifying capacity and stability of

albumin fractions were higher than that of protein isolates, but their fat absorption capacities were

lower than that of protein isolates. Wheat protein isolates and their albumin fractions had good

foaming capacity and stability. WGPI showed higher SDS-binding capacity than others. The findings

on wheat protein isolates are important for their potential application as functional food ingredients.
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INTRODUCTION

The protein foods available commercially are obtained from a range of animal and plant sources and are

used as functional ingredients (Periago and Vidal, 1998). The increased costs and limited supplies of animal

proteins, have necessitated contemporary research efforts geared towards the study of food properties and

potential utilization of protein from locally available food crops, especially from under-utilized or relatively

neglected high protein oil seeds and legumes (Enujiugha and Ayodele-Oni, 2003 and Arshad et al., 2007).

Wheat germ is a by product of wheat milling industry that has the potential as a food ingredient, unique

source of high quality proteins, minerals and vitamins (Amado and Arrigoni, 1992 and Zhu and Zhou, 2005).

Several studies have indicated superiority of wheat germ over other milling products as a nutritive supplement.

Wheat germ contains very high of essential amino acids and is an excellent source of lysine, methionine and

threonine, which are absent in many other cereal proteins (Jensen and Martens, 1983). Wheat germ protein is

reported to have a high nutritive value, which contains about 30% protein, comparable to that of animal

proteins. In the wheat grain, most nutrients, with the exception of starch, are concentrated in germ but most

of this is generally used in animal feed formulations, due to which the precious wheat germ source has not

been amply, rationally, and efficiently utilized (Shurpalekar and Rao, 1977). The germ provides three times

as much protein, seven times as much fat, fifteen times as much sugars and six times as much mineral content

than does wheat flour (Rao et al., 1980; Arshad et al., 2007; Sun et al., 2008 and Zhu et al., 2009).

Protein isolate was prepared from defatted wheat germ and defatted whole wheat. It was mainly composed

of albumin and globulin. A high protein solubility, favorable emulsifying properties, foaming capacity, and

hydrophobicity, make wheat germ protein isolate WGPI a useful ingredient for several food products, including

processed meats, cereal and baked foods, and beverages. WGPI also might be useful in food formulations for

persons allergic to gluten (Hettiarachchy, 1996). Wheat protein isolates (WPI) have been utilized commercially

as functional ingredients in food formulations (baked goods, extruded high-protein foods, nutritional bars, etc.)

for their high nutritional value and minimum cost. The protein isolates are currently of special interest to

processors and consumers due to low fat content and as a substitute for egg and dairy proteins. The major

functional properties of wheat proteins are: hydration, foaming, improve sheeting properties of laminated dough,
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light and floppy texture and clean flavour (Ahmedna et al., 1999 and Ahmed et al., 2008). Vani and Zayas

(1995) reported the solubility and water retention of wheat germ protein flour. Ge et al. (2000) and Zhu et

al. (2006a) have reported the functional and physiochemical properties of protein isolate prepared from defatted

germ. Hill et al. (2008) investigated the surface and interfacial properties of water-soluble wheat proteins and

compared with six reference proteins (bovine serum albumin, ovalbumin, â-lactoglobulin, trypsin, cytochrom

C and â-amylase). They found that surface/interfacial activity and rheological properties observed imply that

water-soluble wheat proteins are generally characterized by strong hydrophobicity and more flexible molecular

structure than the reference proteins. 

The present study was planed to isolate the proteins from defatted whole wheat and wheat germ and

studied their nutritional and functional properties. Data on the functional behaviour of wheat protein isolates

would be useful for predicting food applications, design of machines and development of operations for its

industrial processing. Wheat protein isolate may offer an alternative protein source for use in various food

products.  

MATERIALS AND METHODS

Materials:

Wheat grains were obtained from Field Crops Research Institute, Agricultural Research Center, Giza,

Egypt. Wheat germ (WG) was obtained from South Cairo Mills Company, Cairo, Egypt.

Chemicals:

Sodium dodecyl sulfate (SDS), pepsin, pancreatin and dialyzes bag were purchased from Sigma Chemical

Co., USA. All other chemicals were of analytical reagent grade. 

Methods:

Preparation of Protein Isolates: 

Protein isolates were prepared from wheat grains and wheat germ using the method of Ge et al. (2000)

as described by Zhu et al. (2006a) with some modifications as follows: Raw wheat grains and wheat germ

were cleaned, milled and defatted with n-hexane for 8 h then air-dried at room temperature. Protein isolate was

prepared by alkaline extraction and subsequent isoelectric precipitation. Defatted flour was dispersed in 0.5 M

NaCl solution (1:8, w/v) and stirred for 30 min at room temperature. The suspension was adjusted to pH 9.5

with 1.0 M  NaOH. After stirring for 30 min, the suspension was centrifuged at 3,000 rpm for 20 min at room

temperature. The supernatant was adjusted to pH 4.0 with 1.0 M  HCl to precipitate the proteins and centrifuged

again at 3,000 rpm for 20 min at room temperature. The precipitates were washed three times with deionized

water (pH 4.0), dispersed in a small amount of deionized water, and adjusted to pH 7.0 using 0.1 M  NaOH.

The dispersed product was freeze-dried.

Preparation of Albumin Fraction:

Albumin fraction was prepared from wheat grains and wheat germ according to the classical method of

Osborne (1924) as described by Zhu et al. (2006a) with minor modifications as follows: Suspensions of flour

and water (1:10, w/v) were stirred for 2 h at room temperature and centrifuged at 8,000 rpm for 20 min at

4°C. The supernatant was recovered and stored. The residues were reextracted one time with the same solvent,

and recovered supernatants were combined and designated the albumin fraction, which was concentrated and

freeze-dried. 

Chemical Analysis:

The proximate composition of wheat grains, wheat germ, WPI and WGPI were determined according to

official methods (AOAC, 2005). The moisture, crude protein, crude fat, ash and fiber contents were determined.

The carbohydrate content was estimated by subtracting the sum of percentage of moisture, protein, fat, ash and

fiber from 100%. 

Amino Acid Analysis:

Amino acids determination was performed according to the official method (AOAC, 2006), using an amino

acid analyzer (Biochrom 30). 
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Sodium Dodecyl Sulphate-polyacrylamide Gel Electrophoresis: 

Protein isolates resulted from wheat, wheat germ and their albumin fractions were identified by sodium

dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Laemmli (1970).

Determination of Protein Digestibility (in vitro):

Protein digestibility was determined by the method as described by Akeson and Stahmann (1983). The

procedure gives an amino acid index based on the release of amino acids by pepsin followed by pancreatin.

Functional Properties of Protein Isolates:

Water Retention (WR) and Protein Solubility (PS):

WR and PS were determined using the method described by Vani and Zayas (1995) with some

modifications as follows: A 2.5 g sample was dispersed into 47.5 ml distilled water or NaCl concentrations

(0.2-2.0 M). The solution was mixed by magnetic stirrer, and the pH was adjusted to 4, 5, 6, 7, and 8 using

1.0 M  HCl or NaOH solution. Solutions were incubated at 5, 15, 30, and 70°C for 30 min and then centrifuged

for 30 min at 3000 rpm. The precipitate was weighed, and the supernatant was saved for determined of protein

solubility at different pH values or NaCl concentrations by semi-macro-Kjeldahl method. WR was calculated

as the difference between hydrated weight and original weight/g sample at different pH values.

Emulsifying Activity Index (ESI):

Emulsifying activity index (EAI) was determined by turbidimetric method as described by Qi et al. (1997)

as follows: Protein solution (0.1%, w/v) was prepared using distilled water at different pH values ranging from

1.0 to 10.0. 6 ml of protein solution and 2 ml of corn oil was homogenized at 3000 rpm for 1 min. Emulsion

(50 μl) was pipette from the bottom of the container into 5 ml of SDS solution (0.1%, w/v) immediately (0

min) after homogenization. Absorbance of the SDS solution was measured at 500 nm. Absorbance at zero time

was expressed as EAI of protein.

Emulsifying Capacity (EC) and Stability (ES):

EC and ES were determined according to the method as described by Ahmedna et al. (1999) as follows:

Eighty grams of each protein was weighed, transferred into a blender, and mixed with 100 ml of distilled water

and 100 ml of corn oil at high speed for 1 min to form an emulsion. For each protein, a fixed quantity (40

Tml, V ) of emulsion was poured into a 50-ml centrifuge tube and centrifuged at 3000 rpm for 5 min, and the

F1volume of emulsified fraction (V ) was recorded. The tubes containing the oil-in-water emulsified fraction

were heated in a water bath at 80°C for 30 min and cooled to room temperature (~25°C). Upon cooling, these

F2tubes were centrifuged at 3000 rpm for 5 min, and the volume of the remaining emulsified fraction (V ) was

recorded. EC (%) and ES (%) were calculated according to the following equations:

F1 T F2 TEC (%) = (V /V ) ×100                ES (%) = (V  /V ) × 100

Fat Absorption Capacity (FAC):

Fat absorption capacity was determined using the method as described by Ahmedna et al. (1999) as

follows: One gram of protein was weighed into pre-weighed 50-ml centrifuge tubes and thoroughly mixed with

10 ml of corn oil. The protein-oil mixture was centrifuged at 3000 rpm for 10 min. immediately after

centrifugation, the supernatant was carefully removed and the tubes were weighed. FAC (grams of oil per gram

of protein) was calculated using the following equation:

2 1 0FAC= (W  –W )/W

0 1 2Where W : Weight of the dry sample (g), W : Weight of the tube plus the dry sample (g), and W : Weight

of the tube plus the sediment (g).

Foaming Capacity (FC) and Stability (FS): 

FC and FS were determined using the method as described by Ahmedna et al. (1999) as follows: Seventy-

1five milliliters (V ) of the solutions (3%, w/v in deionized water) of protein was blended for 3 min using a

Fhigh speed blender, poured into a graduated cylinder, and immediately recorded for the volume of foam (V ).

0Protein foams were left undisturbed at ~25°C for 30 min, and the volume of liquid (V ) generated beneath the

foam was measured. FC (milliliters of foam per milliliter of liquid) and FS (milliliters of liquid remaining in

foam per milliliter of initial volume) were calculated using the following equations:

F 1 1 0FC = V /V                        FS = (V -V )/V1
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Surface Hydrophobicity: 

Surface hydrophobicity was determined using the sodium dodecyl sulfate (SDS) binding method as

described by Kato et al. (1984) as follows: SDS was added in 10 ml of protein solution (0.1%) and adjusted

the concentration to 0.07 mM . After being allowed to stand 30 min, SDS-protein mixtures were dialyzed

against 25 volumes of phosphate buffer (0.02 M, pH 6.0) for 24 h. The SDS contents of inner dialyzates were

3determined by Epton’s method. Ten milliliters of CHCl  was added to 0.5 ml of inner dialyzates and mixed

3in a test tube. Then 2.5 ml of methylene blue solution (0.0024%) was added to the CHCl  layer. After being

mixed in the test tube, the mixture was centrifuged at 2500 rpm. The absorbance of the SDS-methylene blue

mixture in the lower layer was measured at 655 nm. SDS-binding capacity was represented as micrograms of

SDS bound to 500 μg of protein. 

Statistical Analysis:

The results were analyzed by an analysis of variance (P<0.05) and the means separated by Duncan’s

multiple range test. The results were processed by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Proximate Chemical Composition of Whole Wheat (WW), Wheat Germ (WG), Wheat Protein Isolate (WPI)

and Wheat Germ Protein Isolate (WGPI):

The moisture, ash, fat, protein, and carbohydrate contents of WW, WG, WPI and WGPI are shown in

Table (1). The results revealed that WPI and WGPI contain high amount of protein (66.33 and 75.38%,

respectively) compared with WW and WG (13.09 and 30.25%, respectively). WW and WG contain a high

amount of moisture, fat, fiber and carbohydrates in comparison with WPI and WGPI. The values reached

11.22, 10.69, 1.69 and 60.51%, respectively, in whole wheat. While the same constituents in wheat germ were

recorded 8.41, 11.34, 1.48 and 43.74, respectively. The results obtained are in agreement with those of Amado

and Arrigoni (1992), Vani and Zayas (1995) and Zhu et al. (2006a) who found that protein content of defatted
wheat germ flour (DWGF) was 31.42% while that of defatted wheat germ protein isolate (DWGPI) was 84.18%.

On the other hand, the protein isolate obtained indicated a recovery yield in the range of 24.0-37.0% with

relatively high protein content in WGPI (88.5%). Albumin would also be the main protein fraction of the

protein isolate from WG (Zhu et al., 2006b).

Table 1: Proxim ate chem ical composition of whole wheat (WW), wheat germ (WG), wheat protein isolate (WPI) and wheat germ protein

isolate (WGPI)

Param eter WW WG WPI WGPI L.S.D

M oisture (%) 11.22a±0.32 8.41b±0.42 3.53c±0.34 3.62c±0.19 0.62

Protein (%) 13.09d±0.36 30.25c±0.40 66.33b±0.87 75.38a±0.47 1.06

Fat (%) 10.69b±0.31 11.34a±0.44 1.25c±0.17 1.77c±0.15 0.55

Ash (%) 7.81a±0.14 3.57c±0.23 4.73b±0.21 3.62c±0.32 0.44

Fiber (%) 1.69a±0.41 1.48a±0.12 1.26ab±0.21 0.99b±0.04 0.44

Carbohydrate 60.51a±0.49 43.74b±0.26 23.25c±0.26 13.08d±0.12 0.6

(%, by difference)-

Values are means of three replicates ± SE. Num bers in the sam e row followed by the same letter are not significant different at p<0.05.

Amino Acid Composition:

Wheat protein isolates and their albumin fractions were analyzed for amino acid composition and the

results are presented in Table (2). In general, glutamic acid, aspartic acid, glycine, arginine, alanine and valine

were all abundant in wheat protein isolates and their albumin fractions. In addition, glutamic acid and proline

were higher in WPI (19.80 and 6.59%, respectively) than others. Wheat protein isolates and their albumin

fractions had a well balanced amino acid composition. The results are in agreement with those previously

reported by Tomoskozi et al. (1998) and Zhu et al. (2006b). Furthermore, the composition ratio of essential

amino acids of WPI and WGPI comparable to egg and milk proteins, was basically close to the model value

issued by the FAO/WHO with good amino acid equilibrium, which was greatly significant from the nutritional

point of view.

Electrophoresis (SDS-PAGE):

Electrophoresis (SDS-PAGE) of wheat protein isolates and their albumin fractions was performed to obtain

information on the molecular weights and area percentages (Fig. 1 and Table 3). The results showed that MWs

distribution of protein isolates and their fractions were found to be in the range (19-67 kDa). The data of MW

and relative area percentage of each band are listed in Table (3). Four bands (subunits) with MWs of about
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Table 2: Amino acid composition (%) of wheat protein isolate (WPI), wheat germ  protein isolate (WGPI), wheat albumin (WA) and

wheat germ albumin (WGA) 

Amino acid WPI WGPI WA WGA

Essential amino acids

Isoleucine 2.63m±0.11 2.71k±0.11 1.75m±0.11 1.59l±0.06

Leucine 5.47d±0.22 4.70d±0.19 3.75d±0.20 2.75d±0.11

Lysine 2.68l±0.11 4.34e±0.17 2.32k±0.03 2.16g±0.08

Phenylalanine 3.71h±0.15 2.89i±0.12 2.52f±0.08 1.62k±0.06

Threonine 2.44n±0.04 2.44m±0.04 1.34o±0.01 1.71h±0.03

Valine 3.57i±0.14 3.86f±0.15 2.48h±0.05 2.30f±0.09

Hisitidine 2.07o±0.04 1.87o±0.03 1.57n±0.06 0.97n±0.01

Nonessential amino acids

Alanine 3.26j±0.20 3.68h±0.22 2.11l±0.12 2.43e±0.14

Arginine 5.54c±0.22 5.57b±0.22 4.26c±0.02 3.21c±0.13

Aspartic 4.91e±0.09 5.33c±0.11 3.62e±0.01 4.00b±0.08

Glutamic acid 19.80a±0.40 8.50a±0.17 9.28a±0.06 5.37a±0.10

Glycine 3.76g±0.15 3.80g±0.15 2.40i±0.01 2.30f±0.09

Serine 3.84f±0.15 2.65l±0.11 2.51g±0.02 1.67i±0.06

Tyrosine 3.18k±0.13 2.28n±0.09 2.37j±0.10 1.33m±0.05

Proline 6.59b±0.4 2.76j±0.17 4.47b±0.06 1.64j±0.09

-Values are means of three replicates ± SE. Num bers in the same row followed by the same letter are not significant different at p<0.05.

20, 21, 22 and 24 kDa were detected in all samples. The obtained results revealed that there were additionally

four bands with MWs of about 39, 41, 53 and 67 kDa detected in WPI, WGPI and WGA. Three additionally

bands with MWs of about 26, 31 and 36 kDa detected in WPI and WGPI. Three additionally bands with MWs

of about 27, 44 and 58 kDa detected in W PI. Two additionally bands with MWs of about 51 and 64 kDa in

WGA. Only additional band with MW of about 48 kDa was detected in WGPI and WGA. Only additional

band with MW of about 19 kDa was detected in WA.

In general, the electrophoretic profile of subunits of WPI was similar to the profile of WGPI. The results

demonstrate that wheat protein isolates are extractable by alkaline extraction followed by acidic precipitation.

The MWs distribution of protein isolates generally correspond to earlier reported data (Ge et al., 2000 and Zhu

et al., 2006a&b).

Table 3: Quantitative analysis of wheat protein isolate subunits separated by SDS-PAGE

Lane Parameter Band

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 MW 67 0 58 53 0 0 44 41 39 36 31 27 26 24 22 21 20

Area% 6.36 0 4.61 5.43 0 0 6.26 7.69 10.65 6.21 6.95 7.88 8.39 8.09 7.58 7.29 6.61

2 MW 67 0 0 53 0 48 0 41 39 36 31 0 26 24 22 21 20

Area% 0.30 1.04 0.18 1.04 3.14 0.18 7.50 3.6 3.14 6.59 7.50 0 9.73 10.28 12.50 14.85 18.40

3 MW 0 0 0 0 0 0 0 0 0 0 0 0 0 24 22 21 20 19

Area% 0 0 0 0 0 0 0 0 0 0 0 0 0 10.81 39.41 25.87 11.62 12.3

4 MW 67 64 0 53 51 48 0 41 39 0 0 0 0 24 22 21 20

Area% 32.08 18.69 0 11.53 8.97 7.05 0 2.27 1.25 0 0 0 0 4.64 5.34 4.62 3.56

Fig. 1: SDS-PAG electrophoretic patterns of wheat protein isolates and their albumin fractions. Lane M:

molecular weight marker (BSA; 67 kDa, egg albumin; 43 kDa and SBTI; 21 kDa), lane 1: wheat

protein isolate (WPI), lane 2: wheat germ protein isolate (WGPI), lane 3: wheat albumin (WA) and

lane 4: wheat germ albumin (WGA). 
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Protein Digestibility: 

The results of protein digestibility (in vitro) of wheat protein isolates and their albumin fractions are

presented in Table (4). The obtained data indicated that protein digestibility (%) of WA and WGA (95.57 and

93.29%, respectively) was higher than that of WGPI (93.05%) and WPI (92.87%). At the same time, protein

digestibility of protein isolates and their albumins were higher than 90%. These results are supported by Abdel-

Aal and Hucl (2002).

Table 4: Protein digestibility (%) of wheat protein isolate (W PI), wheat germ  protein isolate (W GPI), wheat albumin (WA) and wheat

germ albumin (WGA)  

Sample Digestibility (%)

Wheat protein isolate (WPI) 92.87b±0.04

Wheat germ protein isolate (WGPI) 93.05b±0.27

Wheat albumin (WA) 95.57a±0.43

Wheat germ albumin (WGA) 93.29b±0.23

L.S.D 0.78

-Values are m eans of two replicates ± SE. Num bers in the same column followed by the same letter are not significant different at p<0.05.

Functional Properties

Water Retention (WR):

WR was an important factor that influences basic quality characteristics and yield of protein products

because it is important in the determination of mechanical strength, elasticity, plasticity, and flow of food

materials and was critical for desirable functions of plant protein materials, such as swelling, wettability, water

holding capacity, gelation and surface properties (Vani and Zayas, 1995). The factors influencing the WR of

protein isolates were pH value and temperature. It is shown in Table (5) that the highest WR of WPI and

WGPI (301.09 and 250.97%, respectively) were obtained at pH 8 and 70ºC while the lowest WR of WPI and

WGPI (172.07 and 141.01%, respectively) at pH 4 and 5ºC. On the other hand, Table (5) shows water

retention was increase with increase pH at different temperatures. The results revealed that with the increase

of temperature, there was an increase of WR of WPI and WGPI. Proteins were capable of binding large

quantities of water because of their ability to form hydrogen bonds between water molecules and polar groups

of polypeptide (Jones and Tung, 1983). The isoelectric point of W PI and WGPI was pH 4, so, lowering the

pH to 4 probably converted carboxyl groups toward nonionized forms, which damaged the formation of

hydrogen bonds, thereby reducing the water binding of WPI and WGPI (Ge et al., 2000). 

Table 5: Water retention (%) of wheat protein isolate (WPI) and wheat germ protein isolate (WGPI) as affected by pH and tem perature

pH Temp. WPI WGPI

141.01 ±0.284 5ºC 172.07 ±0.22 dd

144.73 ±0.2815ºC 172.95 ±0.13 cc

30ºC 177.82 ±0.17 171.06 ±0.24b b

176.19 ±0.3370ºC 184.70 ±0.26 aa

L.S.D 0.39 0.54

154.59 ±0.315 5ºC 178.57 ±0.55 dc

165.63 ±0.1515ºC 178.08 ±0.23 cc

167.18 ±0.4030ºC 181.14 ±0.24 bb

175.03 ±0.2670ºC 187.85 ±0.39 aa

L.S.D 0.71       0.55  

171.57 ±0.296 5ºC 190.39 ±0.53 dd

177.65 ±0.1115ºC 201.14 ±0.54 cc

178.91 ±0.3730ºC 204.05 ±0.23 bb

188.83 ±0.2370ºC 222.48 ±0.43 aa

L.S.D 0.85       0.49

187.50 ±0.277 5ºC 218.22 ±0.52 dc

196.92 ±0.3815ºC 206.54 ±0.49 cd

203.90 ±0.2230ºC 250.72 ±0.57 bb

221.27 ±0.3370ºC 252.32 ±0.42 aa

L.S.D 0.94       0.55

180.83 ±0.258 5ºC 208.93 ±0.11 dd

198.22 ±0.2915ºC 213.37 ±0.28 cc

223.81 ±0.2230ºC 266.29 ±0.46 bb

250.97 ±0.1870ºC 301.09 ±0.25 aa

L.S.D 0.58       0.44

-Values are means of three replicates ± SE. Num bers in the same colum n followed by the same letter are not significant different at

p<0.05.
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The increase of WR by an increase of temperature, which could be attributed to the water imbibing

capacity of protein because the slight heat denaturation did not lower its water imbibing capacity but instead

improved this property (Claver and Zhou, 2005). 

Protein Solubility (PS):

Among the functional properties of proteins, solubility is probably the most critical because it affects other

properties such as emulsification, foaming, and gelation (Kinsella, 1976 and Hettiarachchy et al., 1996). The

data of PS of W PI and W GPI were recorded in Table (6). The results revealed that protein solubility (%) of

WPI and WGPI was influenced at different pH values (1-10) and concentrations of NaCl (0.2-2.0 M). In the

range of pH 1.0-4.0, the solubility of WPI and WGPI decreased from 31.75 to 5.66% and 34.98 to 6.86%,

respectively but in the range of pH 4.0-9.0, the solubility of WPI and WGPI increased and reached their

optimum values of 52.52 and 55.64%, respectively at pH 9.0. The lowest PS was found at pH 4.0 and the

highest at pH 9.0. On the other hand, the solubility of WPI and WGPI was maximum (47.98 and 56.53%,

respectively) at concentration of NaCl 0.6 M  while the minimum solubility (11.04 and 16.86%, respectively)

at 2.0 M .

Table 6: Protein solubility (%) of wheat protein isolate (W PI) and wheat germ protein isolate (W GPI) at different pH values and NaCl

concentrations.

pH WPI WGPI Conc. of NaCl (M ) WPI WGPI

1 31.75e±0.21 34.98e±0.20 0.2 18.36f±0.23 29.29f±0.29

2 29.90 f±0.14 31.82f±0.16 0.4 34.02c±0.16 51.59b±0.13

3 10.79h ±0.26 12.01g±0.15 0.6 47.98a±0.12 56.53a±0.09

4 5.66 j±0.21 6.86i±0.11 0.8 39.67b±0.25 45.74c±0.17

5 8.43i±0.30 9.87h±0.25 1 33.66d±0.25 40.97d±0.11

6 19.51g±0.13 42.72d±0.14 1.2 21.97e±0.16 32.03e±0.19

7 43.09d±0.17 45.71c±0.03 1.4 21.88e±0.14 28.90g±0.23

8 49.08c±0.17 52.63b±0.13 1.6 18.18f±0.20 24.44h±0.19

9 52.52a±0.20 55.64a±0.18 1.8 17.08g±0.12 20.78i±0.24

10 50.09b±0.18 55.81a±0.19 2 11.04h±0.05 16.86j±0.15

L.S.D 0.35 0.28 L.S.D 0.3 0.32

-Values are means of three replicates ± SE. Num bers in the same colum n followed by the same letter are not significant different at

p<0.05.

These trends in solubility were in agreement with the data reported for DWGP isolated by Hettiarachchy

et al. (1996); Ge et al. (2000) and Claver and Zhou (2005). The solubility of protein products is dependent

upon the physicochemical state of their protein molecules and on the isolation technique (Morr et al., 1985).

The isoelectric point of WPI and WGPI was pH 4.0; probably, amino acid groups were in nonionized forms

around pH 4.0. Solubility, which is affected by a wide range of pH, temperature and ionic strength conditions

(Wagner and Anon, 1990 and Zayas, 1997), is the main characteristic of proteins selected for use in liquid or

reconstituted foods and beverages. The enhanced solubility exhibited by WPI and WGPI at pH 9.0 make it

a good candidate for food applications. 

Emulsifying Properties:

Emulsifying properties of WPI and WGPI were compared with those of wheat albumin (WA) and wheat

germ albumin (WGA). These emulsifying properties included emulsifying activity index (EAI), emulsifying

capacity (EC) and emulsifying stability (ES). EAI of WPI, WGPI, WA and WGA was determined at different

pH values (from 1 to 10). The obtained data were recorded in Table (7). Data indicated that WPI, WGPI, WA

and WGA had lowest EAI (27.06, 30.17, 29.36 and 27.02%, respectively) at pH 4.0 (isoelectric point). In

general, EAI of W GPI at different pH values (1-8) was higher than that of WPI, WA and WGA. However,

EAI was gradually increased at pH values above or below isoelectric point. This may be to increased protein

solubility at lower and higher pH values.

Emulsifying Capacity (EC) and Stability (ES):

The data of emulsifying capacity and stability of WPI, WGPI, WA and WGA were recorded in Table (8).

The data indicated that the maximum EC (%) of WGA (77.44%), EC of WGPI (70.28%) was similar to that

of WA (71.07%) but superior to that of WPI (60.62%). The ability of wheat albumin fractions to emulsify oil

and protein suspension into a mixture of fine fat globule dispersions is mainly attributed to soluble proteins.

The EC (%) of WGPI and WA were similar. This may have been due to the fact that EC is influenced more

by quality than quantity of soluble proteins (Prinyawiwatkul et al., 1993). Any emulsion is potentially unstable,
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Table 7: Em ulsification activity index of wheat protein isolate (WPI), wheat germ protein isolate (WGPI), wheat albumin (WA) and

wheat germ albumin (WGA) at different pH

pH WPI WGPI W A W GA

1 41.17c±0.21 46.78a±0.32 46.09c±0.20 46.19a±0.56

2 38.32d±0.57 45.85ab±0.79 43.32d±0.62 0.90±43.86b

3 31.07e±0.37 33.05e±0.81 29.98ef±0.89 0.61±30.21e

4 27.06g±0.65 30.17f±0.40 29.36f±0.49 1.01±27.02f

5 30.03f±0.36 31.31f±0.99 30.78e±1.29 0.45± 29.18f

6 40.69c±0.74 43.20d±0.88 42.22d±0.77 0.43±39.22d

7 41.25c±0.85 46.26a±0.56 45.65c±0.04 0.79±41.33c

8 43.08b±0.36 44.36cd±0.54 47.88b±0.84 0.79±43.92b

9 46.03a±0.72 44.76bc±0.86 48.08ab±0.38 0.59±43.89b

10 46.37a±0.66 45.94ab±0.66 49.26a±0.81 0.85±45.32a

L.S.D 1.001 1.215 1.353 1.234

-Values are means of three replicates ± SE. Numbers in the same colum n followed by the same letter are not significant different at

p<0.05.

and stable emulsions will remain unchanged without creaming, flocculation, coalescence, and/or phase inversion

upon heating and/or shaking (Zayas, 1997). The emulsifying stability pattern of the protein investigated is

similar to that of emulsifying capacity (Table 8). WGPI and WA exhibited similar emulsion stabilities (67.01

and 67.73%, respectively) and were significantly more stable than that of WPI (57.95%). The emulsifying

capacity and stability of wheat protein isolates and their albumin fractions make it a potential ingredient in

many food formulations such as salad dressing, sausages, comminuted meats, ice cream, cake batters, bologna

and mayonnaise. The results are supported by Das and Kinsella (1990) and Ahmedna et al. (1999).

Table 8: Emulsifying capacity and stability (%) of wheat protein isolate (WPI), wheat germ  protein isolate (WGPI), wheat albumin (WA)

and wheat germ albumin (WGA)

Sample EC (%) ES (%)

WPI 60.62c±0.66 57.95d±0.35

WGPI 70.28b±0.82 67.01c±0.18

WA 71.07b±0.38 67.73b±0.45

WGA 77.44a±0.47 72.13a±0.39

L.S.D 1.12 0.67

-Values are means of three replicates ± SE. Numbers in the same column followed by the same letter are not significant different at p<0.05

Fat Absorption Capacity (FAC):

Fat absorption capacity is the binding of fat by nonpolar side chains of proteins (Sathe, 1982). Fat

absorption capacity of wheat protein isolates and their albumins are presented in Table (9). The obtained data

indicated that WPI and WGPI protein had fat binding capacity (1.61 and 1.28 g oil/g protein, respectively)

higher than that of WA and WGA (0.90 and 0.88 g oil/g protein). In general, WPI had fat binding capacity

higher than that of WGPI. The ability of wheat protein isolates, like other proteins, to bind fat is likely due

to nonpolar side chains that bind hydrocarbon chains, thereby contributing to increased oil absorption (Lin and

Zayas, 1987).  

  
Table 9: Fat absorption capacity (g oil/g protein) of wheat protein isolate (W PI), wheat germ  protein isolate (WGPI), wheat albumin

(WA) and wheat germ albumin (WGA)

Sample FAC (g oil/g protein)

WPI 1.61a±0.018

WGPI 1.28b±0.190

WA 0.90c±0.009

WGA 0.88c±0.004

L.S.D     0.026

-Values are means of three replicates ± SE. Num bers in the same column followed by the same letter are not significant different at p<0.05

Foaming Properties:

Foaming Capacity (FC) and Stability (FS):

The ability of protein to form and stabilize foams depends on several parameters such as types of protein

and degree of denaturation, other compositions, the presence or absence of calcium ions, pH, temperature and

whipping methods (Fennema, 1996). Foaming capacity and stability of wheat protein isolates and their albumins

at different pH values (1 to 10) are shown in Tables (10 and 11). The obtained data revealed that foaming

capacity of WGA (1.70 ml foam/ml liquid) was higher than that of WGPI (1.69), WA (1.68) and WPI (1.57).

The ability of protein isolates and their albumins to form foams in this experiment can be attributed to their

high solubility (Table 10). Because protein solubility requires high net charges, which influence the adsorption
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of proteins at the air-water interface, high protein solubility is believed to improve foaming capacity (Cherry

and McWatters, 1981 and Ahmedna et al., 1999). The foaming stability pattern of the protein investigated is

similar to that of foaming capacity (Table 11). At the same time, foaming stability in the alkaline (pH 8-10)

region and the acidic region (pH 1-2) was better than in the isoelectric region (pH 3-5). Although solubility

of proteins is often required for foam formation, it may not always help stabilize the foam (Ahmedna et al.,

1999 and Ge et al., 2000).                       

Table 10: Foaming capacity (m l foam /m l liquid) of wheat protein isolate (W PI), wheat germ protein isolate (W GPI), wheat albumin

(WA) and wheat germ albumin (WGA) at different pH values

pH WPI WGPI W A W GA

1 0.88d 0.71de 0.69f 0.90d

2 0.77e 0.80d 0.79e o.89e

3 0.69f 0.68e 0.41j 0.49g

4 0.67fg 0.55f 0.42i 0.49g

5 0.66g 0.65ef 0.44h 0.50g

6 0.69fg 0.77de 0.67g 0.73f

7 0.99c 0.98c 0.88d 0.91c

8 1.60a 1.49b 1.54c 1.59b

9 1.57b 1.65a 1.66b 1.70a

10 1.57ab 1.69a 1.68a 1.70a

L.S.D 0.033 0.12 0.006 0.005

-Values are means of three replicates ± SE. Num bers in the same colum n followed by the same letter are not significant different at

p<0.05.

Table 11: Foaming stability (ml remaining liquid/ml initial liquid) of wheat protein isolate (W PI), wheat germ  protein isolate (WGPI),

wheat albumin (WA) and wheat germ albumin (WGA) at different pH values

pH WPI WGPI W A W GA

1 0.024e 0.041e 0.041d 0.038e

2 0.041d 0.045d 0.037e 0.038e

3 0.008h 0.006h 0.003i 0.033h

4 0.008h 0.005h 0.004h 0.003h

5 0.007h 0.006h 0.004h 0.005g

6 0.018g 0.021g 0.023g 0.021f

7 0.023f 0.031f 0.033f 0.039d

8 0.091c 0.093c 0.099c 0.103c

9 0.096b 0.101b 0.104b 0.105b

10 0.103a 0.106a 0.106a 0.107a

L.S.D 0.003 0.003 0.001 0.001

-Values are means of three replicates ± SE. Num bers in the same colum n followed by the same letter are not significant different at

p<0.05.

Surface Hydrophobicity:

Surface hydrophobicity of wheat protein isolates and their albumin fractions was determined by using the

SDS binding method. Table (12) shows the SDS binding capacity of protein isolates (μg of SDS/mg protein).

The data indicated that the WGPI had the highest SDS binding capacity (6.67 μg of SDS/mg protein), followed

by WGA (4.3), the WPI (3.79) and WA (2.01). Studies strongly indicated a relationship between

hydrophobicity and other functional properties of proteins (Nakai et al., 1980; Townsend and Nakai, 1983;

Hayakawa and Nakai, 1985; Aluko and Yada, 1993 and Hettiarachchy et al., 1996).

Table 12: Surface hydrophobicity of wheat protein isolate (WPI), wheat germ protein isolate (WGPI), wheat album in (W A) and wheat

germ albumin (WGA)  

Sample SDS binding capacity (μg of SDS/mg protein)

WPI 3.79c±0.004

WGPI 6.67a±0.006

WA 2.01d±0.03

WGA 4.3b±0.017

L.S.D 0.033

 -Values are means of three replicates ± SE. Num bers in the same colum n followed by the sam e letter are not significant different at

p<0.05.
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