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FUNCTIONAL PROPERTIES AND SOME UTILIZATION OF
WHEAT GERM PROTEIN PRODUCTS
[10]

Yousif', E.L
ABSTRACT

Defatted wheat germ flour (DWGF) and wheat germ prolein isolate (WGP
were prepared from untreated, treated wheat germ (WG) with conventional heat
treatment at 100°C+ 3.0 for 20, 40 and 60 min, respectively or microwave treatment
for 1.0, 2.0, 3.0 and 4.0 min. The effect of pH and heat treatment on functional
properties of DWGF and WGP were studied. Functional properties of wheat germ
protein products were measured over a pH range of 2.0-10.0 in order to evaluate the
potential use of this promising protein sources in different food systems. Heat proc-
essing for 20 min improved the nitrogen solubility index (NSI) of DWGF, on the
other side, the greatest reduction in NSI occurred after microwave treatinent for 4.0
min. DWGF acts as emulsifying agent in the acidic and alkaline pH range. WGPI
which prepared from microwave treated WG for 3.0 min, tended to be a more effi-
cient in emuisifying the oil. Improving emulsifying properties of WGP products may
enhance their use as a functional ingredients in many foods. In additions, DWGF
could be used as an egg white substitute in foaming applications. This study sug-
gests a possibility of using of DWGF which prepared from treated WG with con-
ventional heat treatment up to 20 min at 100°C as a one of the primary ingredients in
such functional blends that might be useful as a meat extender in some products.
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conventional foods and flexible func-
tional properties to allow the preparation

INTRODUCTION

In recent years there hasbeen an in-
creasing interest in the utilization of new
protein sources, in order to supplement or
substitute conventional proteins in fabri-
cated foods. The demand for new plant
proteins is increasing with the growing
seripus protein shortage in many parts of
the world. The new proteins should ex-
hibit a moderate cost with respect to the

of high protein products for a wide range
of markets (Canella, 1978}. The final
success of utilizing plant proteins as ad-
ditives depends greatly upon the favor-
able characteristics they impart to foods.
Therefore, the interrelationship of protein
quality and processing parameters which
affect the functional performance of
protein products is considered deserving
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of an cxtensive investigation (Canella et
al 1985).\Whcat germ is a by-product of
wheat milling industry that has the po-
tential as a food ingredicent, uniquc source
of high quality proteins, mincrals. and
vitamins. Scveral studies have indicated
superiorily of wheat germ over other
milling products as a outritive supple-
ment.  Wheat germ contains very high
level of essential amino acids and is an
exceilent source of lysine, methioning
and threonine, which are absent in many
other cereal protcins (Miladi ef al 1972
and Jensen and Martens, 1983).

Daia reported by Garcia et al (1972)
_indicated that wheat germ contained a
high concentration of nutritionally im-
portant trace elements, Wheat germ is
also a good source of the vitamins (Wag-
gle et «f 1967). Pure wheat germ contains
almost exclusively a and P tocopherols
(Morrison et al 1982). The presence of
cholesterol inhubitors in wheat germ was
suggested (Qureshi et al 1991). Mild
heat processing or loasting of germ im-
proved its flavor, nutritional value and
functional properties (Shurpalekar and
Rao, 1977). The pH and temperature in-
fluence water retention, solubility and
foaming properties of wheat germ flour
(Vani and Zayas, 1995 a, b). Protein
isolate was prepared from defatted wheat
germ and the functional properties over a
wide pH range were evaluated (Hettiar-
achchy & al 1996).

The application of microwave proc-
essing for both home and institutional
meal preparation has increased because of
its speed and convenience (Nelson ef al
1985). Hafez ef al (1985) mentioned that
microwave heating of soybean for 9 min.
decreased protein solubility from 80 to
17%.

Use of wheat germ protein in bakery
products, cspecially in breads (Vitti e al
1979; Godunova et al 1986); biscuits
(Markianova et al 1984; Abu-Elmaati
et al 1996), cookies (Bajaj ef al 1991);
frankfurters and  beefl patties (Gnana-
sambandam and Zayas, 1994; Rocha-
Garza and Zayas, 1996) are reported.

[nformation is lacking concerning the
cffect of conventional and microwave
heat treatments on the functional proper-
tiecs of wheat gorm protein products.
Therefore, the specific objectives of this
research were to study the effect of con-
ventional heat treatments for 20,40 and
60 min at 100°C+3.0; microwave treat-
ments for 1,2,3,4 and 5 min. on functional
properties of wheat germ protein products
at different pH values (2,4,6,8,10 and at
original pH). Data on functional behavior
of defatted wheat germ flour (DWGE),
wheat germ protein isolate (WGPT) would
be useful for predicting food applications.
Thus, the other purpose, to investigate the
cffect of addition of DWGF to the for-
mulation of beef patties at 2.5, 5.0 and
7.5% level and to study the effect of these
additives on quality characteristics of the
obtained beef patties.

MATERIAL AND METHODS
MATERIALS

Wheat germ (WG@G), was obtained from
North Cairg Mills Comp., samples of WG
were blended to provide a uniform sam-
ple, and stored at -18°C till further ex-
perimenial treatment. Bovine serum
albumin (BSA) and egg albumin (EA)
powder were purchased from Fluka,
chemie AG., Biochemika and A Dwic-El
Nasr pharmaceuntical chemicals, respec-
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tively. All other chemicals used were of
reagent grade.

The WG samples were divided in to
three portions, the former without heat
treatment; the sccond for conventional
heat treatments and the latier for the mi-
crowave heat treatments.

METHODS
" Heat treatment of WG

The WG samples were heated inan
oven at 100°C+3.0 for 20, 40 and 60
min., respectively. Afier heating, the WG
samples were allowed to ceol to room
temperature (20°C£2) before lipid ex-
traction.

Microwave heat treatments

The WG samples were subjected to
microwave heating for 1.6, 2.0 3.0,4.0
and 5.0 min, respectively at 200 W using
a housechold microwave oven of 2450
MHZ (Moulinex). Each sample was
placed in a Pyrex petri dish (8.0 cm
diameter by 1.0 cm depth; each petri dish
contained approx. 25g) and heated for the
required period. The temperature of the
WG samples was recorded immediately
in several locations as an average of five
readings after microwave heating being,
49, 69, 75 and 97°). After that the WG
samples allowed to cool to room tem-
perature before lipid extraction. A dark
brownish color, indicating carmelization
of the sugar released during microwave
heating, and burnt odor became apparent
at 5.0 min. in WG. Therefore, under these
conditions, optimum microwave treat-
ment time to prepare wheat germ flour
was probably around 4.0 min.

Preparation of dcfatted wheat germ
flour (DWGF)

Untreated and treated WG samples
were milled by using a coffee mill (Na-
tional) at high speed till a fine WG mill
obtained. The obtained samples were
defatted at room temperature, by soaking
the samples in hexane for six times (each
one, 12 hr.). The resultant defatted sam-
ples were dried for 72 hr. at room tem-
perature, and reground, then passed
through 60 mesh sieve to obtain fine de-
fatted wheat germ flour (DWGF). The
obtained samples were divided into two
portions, the first was termed as DWGF;
and the second was used for preparation
of wheat germ protein isolate.

Preparation of wheat germ protein
isolate (WGP

Wheat germ protein isolate (WGPI)
from DWGF samples were prepared ac-
cording to Hettiarachchy ef al (1996) by
alkaline extraction and subsequent isce-
lectric precipitation. The precipitate was
washed liree times with distilled water
(pH 4.0). The dispersed samples were
lyophilized after being frozen overnight
at -18°C; stored at 5°C until further
analysis.

Functional properties
Nitrogen solubility

Nitrogen solubility index (NSI %)
was determined by the method of Were
et al (1997) based on the method of Bera
and Murkherjee (1989). The nitrogen
content of the aliquots of the supernatants
was measured by the kjeldahl method
(AOAC, 1990). NS being expressed as
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percent mitrogen extracted from the origi-
nal sample, and ploticd against corre-
sponding pH vatucs and duration of heat
treaument.

Emolsifying properties

Emulsifying properties of untreated,
treated DWGF, WGPI and bovine scrum
albumin (BSA) as a standard were deter-
mined at pH valecs as mentioned in ni-
trogen solubility by the method of Pearce
and Kinsella (1978).

Foaming propertics

Foam capacity (FC) and foam stabil-
ity (FS) of untreated, treated DWGF,
WGPl and egg albumin (EA) as a refer-
ence -were measured at different pH val-
ues according to Wilde .and Clark
{1996). Foam expansion was measured
immediately within 30 sec. and expressed

as a FC. The volume of foam remaining

after standing for 20, 40 and 60 min. was
recorded as FS.

Water and oil absorption

Water and oil absorption (WA & OA)
were assayed, based on the method of
Sosulski and McCurdy (1987); Liu and
Hung (1998). The samples (one gram)
were added to distilled water or corn oil
(10 ml for each) in a 30-ml centrifuge
tube after adjusting the pH value, as
mentioned above for those prepared with
distilled water only, and the all samples
were mixed with a glass rod toforma
homogenous paste. the mixtures were
allowed to stand for 30 min. at room
temp. After that, the tubes were centri-
fuged at 2000 xg/15 min, the small
amount of residual water or oil was care-

fully rcmoved by decanting and the tubes
were weighed, waler absorption or ab-
sorbed oil was calculated by weight dif-
ference.

Utilization of DWGF as a partial sub-
stitute in beef pattics

Samples of beef pattic were prepared
according to Ziprin ef al (1981) and o a
flow diagram presented by Rocha-Garza
and Zayas (1996). A rehydrated DWGF
with tap water (1:3) were replaced 7.5,
150 and 22.5 % of the meat in patties
slurry mixtures. Control samples were
prepared without DWGF, Slurries were
mixed with the ground beef and other
formulation, ¢.g. fat, salt, spices, onion
and garlic by blending for 90 sec. ina
kitchen Aide mixer. Pattics were formed
by a patty maker (~50g mold) 0.7 cm
thickness and 9.5 c¢m diameter. Formed
patties were placed between squares of
polyethylene, layered on plates and pack-
aged in polyethylene in groups and stored
in a freezer (-18°C) till further analyses.

Pattie cooking

Before cooking, patties were thawed
overnight in a refrigerator at 4°C. From
each treatment, three patties were pre-
heated for 15 min at 25°C in conventional
electric oven. Patties were cooked at
220°C in electric oven for 6 min. in one
side and 4 min. on the other side.

Cooking  yieid, Loss, dimensional
measurements and water holding ca-

pacity (WHC)

Patties were weighed before and after
cooking to calculate cooking yield and
losses from heat treatment. The diameter
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was measurcd in the widest part of cach
patty before and after cooking. the thick-
ness of pattics was mcasured before and
afier cooking. Data werc rcporied as per-
cent change in patty diameter (shrinkage)
and thickness. WHC was measured by the
filter press mcthod of Velovinskaia and
Merkoolova (1958). 0.3 g of minced
patty was put under an ashiess {ilter paper
(No.40) between two glass plates and
pressed for 10 min. using 1 kg weight.
The outer zone was mcasured at icast 5
times using Digital planimeter (Placom,
koizum;, KP-92, Japan). Resulis were
presented in cm?®/ 0.3g sample.

Sensory quality evaluation

Multiple comparjson test using a
9 - point scate (9 = extreme excelient, 1=
extreme inferior was used for sensory
quality evaluation of cooked patties, so
that -an all-beef pattie was presented first
as a reference sample (R). plates con-
taining the patties were covered with
aluminum foil and kept warmina con-
ventional oven at 36+2°C. Eight panelists
{4x2, each panelist take another chance to
evaluate the cooked pattie) of staff mem-
ber and graduate students in Food Sci. -
Dept. were evaluated the appearance,
color, flavor, juiciness, tenderness and
overall acceptability. The samples were
presented to panelists in a randomized
order (Larmond, 1970).

Statistical design

Data were - analyzed using analysis of
variance and Duncan’s multiple range test
using the statistical Analysis- system
(SAS, 1988).

RESULTS AND DISCUSSION

Solubility is a critical property [or
applications and. in fact, is used diagnos-
tically to assess prior heating and to de-
termine the potential usclulness of vari-
ous food preparations.

Nitrogen solubility index (NSI%) as a
function of pH from 2.0 1o 10.0 of defat-
tcd wheat germ fiour (DWGF) prepared
from wheat germ (WGQG) exposed to con-
ventional heat treatment for 20,40 and 60
min at 100°C+3.0 or microwave heating
for 1.0, 2.0, 3.0 and 4.0 min. respectively;
wheat germ protein  isolates (WGPT)
which were prepared from the aforemen-
tioned samples; DWGF and WGPI with-
out heat treatments as a reference are re-
ported in Fig. (I). Conventional heat
treatment for 20 min improved the NSI.
with the minimum of 33% at pH 4.0 and
increased values of NSI (94 and 92%) at
pH 2.0 and 10.0 respectively, when'com-
pared with the untreated DWGF.

“This phenomenon was observed in all
samples under investigation, meanwhile,
the extent was variable. Prolonged heat-
ing above 100°C results in a subsequent
increase in protein solubility due to dis-
sociation and degradation of polvpeptides
(Wolf, 1978).

As shown in Fig. (I) nitrogen solu-
bility levels of DWGF were reduced by
the application of conventional and mi-
crowave heat treatment for 40-and 60 min
at 100°€+3.0; 1.0, 2.0,3.0 and 4.0 min,
respectively, the greatest reduction ina
solubility occurred after microwave
treatment for 4.0 min. This reduction in
solubility may be to the ireversible dis-
ruption of the quaternary protein struc-
ture.

Nitrogen solubility profiles of WGPI
dispersed in water at varying pH values

Annals Agric. Sci., 49(1), 2004
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Fig. 1. Nitrogen solubility index (%) of wheat germ protein flour and their protein
isolate treated with {A) conventional heat and (B) microwave
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(2.0 to 10.0) arc shown in Fig. (I). A
sharp minimum solubility at the isoclcc-
tric point (PI) was not obscrved with a
broad rangc of minimum solubility be-
tween pH values 4.0, 6.0 and 8.0 in most
cases was found. For all protein isolate
samples, the greatest reduction in solu-
bility was occurred over the pH range
examined.

Increasing temperature within the range
of 25 to 60°C caused a small increase in
solubility of isolates (Shen, 1976). This
apparent increase in solubility may be
due to temperatare induced dissociation
of certain oligomeric protein fraction
These data in Fig. (I) indicated that the
observed variations in the solubility be-
havior of various samples of WGPI may
be related to the extent of physicochemi-
cal changes occurring during preparation
of these isolates. Generally, the degree of
solubility of a protein in a given aqueous

systern is net result of both electrostatic .

and hydrophobic interactions between the
protein _molecules, conditions under
which the electrostatic repulsion's be-
tween the molecules is greater thanthe
hydrophobic interactions between the
nonpolar patches on the surface favor
increased solubility, conversely, condi-
tions under which the hydrophobic inter-
actions are greater than the electrostatic
repulsion’s will result in intermolecular
aggregation and decreased solubility.
Physiochemical changes during commer-
cial preparations, which result in irre-
versible changes in the oligomeric state
of the protein, would alter the delicate
balance of the above two forces and there
by affect the solubility (Damodaran and
Kinsella, 1982). From the data shown in
Fig. (1), it conld be concluded that, the
rate of solubility loss was greatly -
creased with increasing of the duration

and manner of trcatment. and the other,
that protein isolate was for more scnsitive
1o heat treatment than the {lour, probably
duc to the increascd of the protein react-
ing species, as well as, to the irreversible
disruption of the quatcrmary protein
structure.

Denaturation and solubility are not
always corrclated, high solubility data are
sometimes  obtained from completely
denaturcd protein. However, low solubil-
ity is not always a disadvantage and many
proteins of limit solubility find uses in the
production of foods (Hermansson,
1979).

Solubility of protein is an impontant
prerequisite for emulsifying properties of
protein. This is reflected in the correlation
between emulsifying capacity and protein
solubility and the effect of pH on
emulsion formation, namely emulsion
formation tends to be significantly lower
in the isoelectric range. In some.emulsion
systems, this relationship is not alwavs
apparent because of the high concentra-
tion of protein wsed. (Kinsella e al
1985). -

The emulsifying activity (EA) value
at 500 nm of DWGF and WGPI at differ-
ent pH values (2.0 to 10.0) was compared
with those for bovine serum albumin
(BSA) which are known to be protein
with good emulsifying properties (Table,
1) EA was affected significantly by pH,
and heat treatments. EA was pH depend-
ent, the value for DWGF prepared from
conventional and microwave WG ranged
from 0.047 for microwave sample for 4.0
min, at pH 4.0 to 0.540 for microwave
sample for 1.0 min.at pH 10.0, whereas
those for BSA 0.374 at pH 4.0 and 0.447
at pH 10.0 indicating that DWGF acts as
emulsifying agent in the acidic and al-
kaline pH range. Shifting the pH away
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Table 1. Effcct of conventional and microwave heat trecatments on emulsification activ-
ity (O.Dson ) of wheat germ proicin products

Bovine Conventional heat treatment (min.) Microwave treatment {min. )
pH  serum g - )
, 0 20 40 60 ] 2 3 4
albumin
Wheat germ protein flour
2 0391 0353™ 0281 0299%  0.288%  0343% 03359 02749 0286
4 0.374%  0211™®  0160™ 0.163% 0.112% 0.062% 0071% 0107  0047"
6 0.377™  0.226™ 0234 0187 0.187°%  0301™  0249™ 0193 opas1™*
8 0.414%*  0208% 028" 02117 0260%® Q356%™ 0.470™ 0298 0280
10 0.447F  0.430™  0305%  0.373%  0375%  0.540™ 0534 04368 0.405%
| Wheat germ protein isojate
2 0.391%  0.227% 0241 0252%  0.209%" 0227 0307% 0468 0.279%
4 0374 0.113% o76™ 0085 co072™  o0i1s6™ 025> 0532  o.191™
6 0377 0047 0063F  0063%  0.050% 0083%  0.115% 0406 D108
8 0.414®  0233% - 0248% 02377 00845  0223™ 02697 0550  0.263%
10 0.447%  0248% 0377 0239%  0300Y  0300Y  0341M 09540 0313

- Capital and small letters were used for comparison between means in the verticat and honzontal direction, respectively
- Means on the same line followed by different letters are significantly different

from the isoelectric point (PI) apparently
“improved EA by giving the protein an
electrical charge and possibly mncreasing
the protein's solubility. Takeda er af
(2001), indicated that gluten acts as a
good emulsifying agent in the acidic pH
range. .
Generally, both pH and heat treatment
affect the emulsifying properties of
DWGF and WGPI (Table, 1), havinga
greater effect on the later, except WGP
prepared from the microwave sample for
3.0 it was more efficient in emulsifying
the oil in comparison with the other sam-
ples, even BSA at all pH values. Further
studies are necessary to investigate the
relationship between the effect of micro-

wave treatment for 3.0 min and selected
functional characteristics of WGPL

EA of DWGF and WGPI was the
poorest at pH 4.0 and pH 6.0, respec-
tively, a level which is near the PI of the
predominate native WG.

Heating of WG reduced emulsifying
properties of WG protein products in
comparing to untreated samples and
BSA. These observations indicated that,
the unfolding and possibly aggregation
that occur at high temperatre reduce the
EA. Heat treatment caused protein de-
naturation and gradually exposed hydro-
phobic amino acid residues which are
nommally buried in the interior of native
protein  molecules (Tanford, 1973).
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Exposing the hydrephobic groups could
increase  hydrophobicity and improve
emulsion capacity (EC) (Morr, 1979).
However, such exposed hydrophobic
groups could also undergo hydrophobic
interactions, leading to decrease in the
hydrophobicity as well as, the EC (Vout-
sinas ef af 1983).

Results of emulsion stability (ES) of
DWGF and WGPI are presented in Fig.
(2 and 3), respectively. Generally, the
WGP products registered the highest ES
at acidic and alkaline pH values after
standing 60 min at room temperature.
Deamidated wheat protein dispersion had
significantly higher EAI and ESI com-
pared to other 3 protein dispersion Webb
et al (2002). The stability was poorest
after standing for 60 min at pH 4.0 and
6.0 for all samples, especially for WGPIL
except, the microwave heating for 3.0
min. The greatest ES of a protein is not
necessarily associated with the highest
level of soluble protein (Mcwatters and
Holmes, 1979; Turgeon et al 1992). The
pH affected the ES in comparison to the
effect of heat treatment till 60 min or mi-
crowave treatment till 4.0 min. The ES of
DWGF was greatly enhanced at pH 10.0,
2.0 in addition to pH 8.0 for the un-
treated, treated for 20 min, microwave
heating for 3.0 and 4.0 min and standing
at room temperature for 60 min. On the
other side, ES of DWGF was observed to
be lower at pH values 6.0 and 4.0,
throughout the standing periods at room
temperature (20 to 60 min). Inconclu-
sion, the DWGF followed by WGPI had
the highest ES at alkaline pH followed by
acidic pH. Improving emulsifying prop-
erties of WGP products may enhance
their use as functional ingredients in
many foods including baked goods, con-
fections and meat. WGP microwaved for

3.0 min. would be superior in liquid ap-
plications, where high emulsification
ability, high emulsification stability are
required such as salad dressing, gravies,
soups and meal replacement beverages.

Foam Capacity (FC) or expansion and
foam stability (FS) as a function of pH
and heat treatments of wheat germ pro-
teing (WGP) and egg albumin (EA) as
reference are reported in (Table 2 and
Figs 4 & 35), respectively. Conventional
heat treatment for 40 and 60 min; and
microwave treatment for 20 min
affected FC of DWGF, especially in the
acid and alkaline pH region in most cases
(Table, 2) providing volume increases on
whipping of 447% to 474% at pH 2.0 and
362% 10 544% at pH 10.0 as compared to
the corresponding values of 399% and
199% for the untreated samples. Decrease
in FC was noticed at pH 4.0t06.0 for
WGP! samples prepared from DWGF
treated by conventional heat for 60 min
and microwave for 1.0, 2.0 and 4.0 min.
respectively. Egg albumin (EA) exhibited
an improved FC on whipping in the all
pH range investigated. This phenomenon
could be ascribed to the high solubility of
this protein fraction over the whole pH
range to form foams.

In fact, the minimum FC after whip-
ping at pH 4.0 for DWGF and WGPI
prepared from WG treated for 20 and 60
min, microwaved for 1.0 and 2.0 min;
and for 2.0, 1.0,4.0 and 60 min, respec-
tively, while the greatest FC for WGPI
after 0, 40, 60 and 3.0 min at pH 2.0. This
likeness between the two patterns is
probably to be a scribed to the fact that
only the soluble proteins contribute to
foam creation. The minimum foaming at
pH 4.0 should depend on the strong in-
termolecular forces which do not allow
protein unfolding and spreading at this
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Fig. 2. Emulsification stability (ES) at different pH values of wheat germ protein flour
zated (A} for 0, 20, 40 and 60 muin. with conventionat heat, (B) for 1. 2, 3 and
4 min. with microwave
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Fig. 3. Emulsification stability (ES) at different pH values of wheat germ protein isolate
prepared from treated flour (A) for 0, 20, 40 and 60 min. with conventional heat,
(B) for 1, 2, 3 and 4 min. with microwave
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iso electric point (PI). It is worth {0 con-
sider also the effect of the heat treatment
which inducing conformation changes in
the protein structure, may remarkably
reduce the pH dependence on Foam
expansion. Finally, FC was influence
significantly by pH and heat treatment
(Table, 2). Heat denaturation results in
increased foaming properties due to
increased surface hydrophobicity and
flexibility of denatured protein. This may
explain why the unmodified samples had
lower foaming properties than the modi-
fied samples (Damodaran, 1994).
Maximum leakage corresponding to
the minimum foam stability (FS) oc-
curred for WGPI which prepared from
WG treated for 40 and 60 min/100°C, in
the pH range 4.0 to 6.0. On the other
hand, DWGF prepared from WG treated
by heat for 40 and 60 min respectively,
exhibited higher FS in all the pH range
investigated. Marked effects on FS were
observed at alkaline pH values. At alka-
line pH, FC was depressed and FS en-
hanced (Fig 4 and 5). This latter effect is
known to be due to the presence of in-
soluble particles which can stabilize
foams. Some workers have shown that, it
was necessary to heat soybean protein to
obtain voluminous and stable foams.
Meanwhile, Huffman et al (1975) found
that heating was not desirable in whip-
ping sunflower meal because the high
temperature affected volume increase. FC
requires rapid adsorption of protein at an
air water interface dering whipping or
bubbling, ability to undergo rapid con-
formation change, and rearrangement at
the interface. conversely, FS requiresa
thick, elastic, cohesive, continuous air
permeable protein film around each gas
bubble (Fennema, 1985). Therefore, the
DWGF at the aforementioned conditions

could be used as an egg white substitute
in foaming applications such as whipped
toppings, ice cream, bakery products and
desserts.

Water absorption (WA) of WGPI was
higher than that of DWGF. WA was
increased with time of heat treatment,
conventional or microwave treatment
(Table, 3). Hermansson (1973) reported
that highly soluble protein had lower
water absorption. Water absorption could
also be affected by water physically en-
trapped within unfolded proteins and by
different degree of denaturation (Fiora et
al 1990).

WA indicates the ability of a product
to associate with water under specific
conditions of pH and temperature. The
highest WA was at pH 2.0 for microwave
DWGF and WGPI, being from 424 -
4 34 g water/ gsampie and ranged from
8.52 to 10.96 g water/g sample, respec-
tively, and at pH 4.0 for WGPI prepared
from microwave samples for 1.0 and 3.0
min, respectively, and the lowest WA at
pH 6.0. WA was maximum for WGPI
prepared from microwave samples for 3.0
min, and from conventional heat treat-
ment for 40 and 60 min/ 100°C. It could
be noticed that water absorption was
significantly affected by pH and different
heat treatments (Table, 3). Proteins are
capable of binding large quantities of
water because of their ability to form hy-
drogen bonds between water molecules
and polar groups of poly peptide chains
(Jones and Tung, 1983). pH affects the
magnitude of the net charge on protein
molecules, which in tumn alters attractive
and repulsive interactions.

Heat denaturation did not lower water
imbibing  properties of WGPl but
improved this property. Water binding
capacity of sonicated soy concentrate
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Fig. 4. Foam stability (FS) at different pH values of wheat germ protein flour treated
(A) for 0, 20, 40 and 60 min. with conventional heat, (B) for 1, 2, 3 and 4 min.
with microwave
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Fig. 5. Foam stability (FS) at different pH valuzs of wheat germ protein isolate prepared
from treated flour (A) for 0, 20, 40 ard 60 min. with conventional heat, (B) for
1, 2, 3 and 4 min. with microwave
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Table 2. Foam capacity (%) of wheat germ protein products treated by conventional
heat and microwave treatments

Ees Conventional heat treatment {min.) Microwave treatment (min.)

albumin 0 20 40 60 i 2 3 4
Wheat germ-protein flour

2 611M 3998 377AR 47aAt  aq7hc a3 1A 44780 4008 4167

4 577% 311 In® 348® 252% 189%™ 200% 226D ps53Dd

6

8

533 255 188 4118 28870 39504 425 310 234Ce
47228 2220 288%F  385%  442% 426" 338%™ 226™h 23gfs
10 311%% 1998 332% 3627 400%™ 421% 544t 34280 3p0BR
B Wheat germ protein isolate
2 6112 5228  346BT 500 460M 323% 300" 4227 oM
4 577%  299Db  y3Dd ggPe 460F 3gEe Qoh 2207 a6®f
6 533%  411B 208 08P 3gEh 460s oo 228 124%¢
8 4228 322 279 3p0% 1770 182%E 85Sh 2065 goo
10 5119 22Fe 3304 377Bb 3B 3p5Be 353Ad oggB0 5ggBE
- Capital and small letters were used for comparison between means in the vertical and horizontal direction,

respectively
- Means on the same line followed by different letters are significantly different

Table 3. Water binding capacity (g watet/ g sample)} of wheat germ protein products as
affected by conventiona! heat and microwave treatments

H Conventional heat treatment (min.) Microwave treatment (min.)
P 0 20 40 60 ! 7 3 4
Wheat germ protein flour -
2 390™ 236  3.78%f 34800 432 4.4% 43280 434D
4 368% 344% 7% 35490 378%™ 3 00® 3.925 4. 10%
6 3904 286%" 5388 304 348P8 476% 4 9pAY 45454
g 288" 1S 4520 5300 4288 498%™ 3.26F 4 7280

10 240%  192™  z204% 2908 336%  30g™ 4265 5.00™
Wheat germ protein isolate

2 576 465 ga4™ ga4h 1052 gs2M 10,96 g 52\
4 391% 37 464P 4208 ga4® g 52 8 400 4.72¢d
6 34350 2g1® a20% 360%™ 400 404P 4,205 3 448
& 35990 3428 360%™ 352% 440™ 428™ 8 125> 436"
100 380t 302 392%T 396 7.04%% 4967 9 128 5.56%

- Capital and small letters were used for comparison between means in the vertical and horizontal direction.
respectivety
- Means on the same line followed by different letters are significantly different
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increased greatly by heating at 100°C
(Hansen, 1978). Water absorption was
influenced significantly by pH and drying
methods (Knorr, 1980). There has been
no reported systematic study on the effect
of microwave treatment and pH on WA
of WGP products,

The function properties of WGP
products which prepared from conven-
tional or microwave WG at original pH of
their dispersions in water are reported in

Table 4. The DWGF recorded pH value -

7.5+ 0.1, meanwhile the original pH of
WGPL 4 9=0.1. NSI of WGP products
varied frem 3.0% for WGPI after micro-
wave for 1.0, 2.0 min. and after conven-
tional heai treatment for 60 min, to 69%
for DWGF after comventional treatment
for 20 min.

WGPI which prepared from micro-
wave treared sample for 3.0 min, showed
high EA being 0.588 in comparison to the
other treated samples of DWGF and
WGPL (Table, 4).0n The other direction,
WGPI prepared from conventional heat
treated samples for 60 min. had a lower
EA being 0.066.

No foam formed was observed for
WGPl prepared from the conventional
treated samples for 60 min. Non of the
treated WGP products equaled egg albu-
min in FC, except the DWGF which pre-
pared from microwave samples for 2.0
min.

WGPL which prepared from micro-
wave samples for 3.0 and 1.0 min re-
corded higher WA in comparison to the
other samples under investigation being
1109 and 9.92 g water/ g sample, re-
spectively.

Qil absorption (QA) of all WGP
products was found to be in reverse rela-
tionship with WA (Table, 4). DWGF pre-
pared from microwave WG for 1.0 min

Yousif

and WGPI which prepared from micro-
wave samples for 3.0 min. bound more
oil than the other samples being 2.12 g oil
/ g sample, meanwhile, the values of OA
for other treated samples ranged from
120 to 198 g oil/ gsample (Table, 4).
This increases may be due to dissociation
of the proteins that might occur on heat-
ing and also to denaturation which woutd
unmask the non polar residues from the
interior of the protein molecules.

The water-oil absorption index
(WOAI) is shown in Table, 4. The rela-
tive hydrophilic-Lipophilic character of
WGP products was reflected by the
WOAI which ranged from 1.8to 3.3 for
the treated DWGF and from 2.2 to 5.4 for
treated WGPI. When WGP products ab-
sorbed greater than twice the amount
of oil (WOAI > 2.0) the hydrophilic-
lipophilic balance shifted towards the
hydrophilic side.

The key for the best EA appeared to
be the denaturation of WGP products in
conditions in which an excessive increase
of the WA was prevented. The results of
this study supported the concept that the
EA of WGP products depended on the
suitable balance between the hydrophilic
and lipophilic characteristics rather than
merely high values for each one.

Beef patties containing DWGF

Cooking yield, cooking losses. shrink-
age and water holding capacity

Cooking yield (CY), cooking losses
(CL), shrinkage and water holding ca-
pacity (WHC) of all-beef and substituted
beef patties with defatted wheat germ
flour (DWGF) are presented in Table, 5.
As a general trend, CY was increased and
CL decreased as level of supplementation
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Tablc 4. Functional propenics of wheat germ protein products at original pH

O NSI A e’ WA QA W/O.AL
E E
[ - "
= E F o1 F I F I F I F I o1
E 0 58 13 0236 0147 244 155 360 408 198 120 18 34
E
g
T 20 69 15 0264 0109 233 266 254 359 140 1.56 18 23
=
2
-
5 40 27 17 0249 0106 354 70 446 464 168 L7 27 26
S -60 29 3 0160 0066 402 00 338 456 18 136 18 3.4
= 1 27 3 020 0155 412 108 48 992 212 184 23 54
E
£ 2 29 3 0245 0226 544 T 406 58 156 134 26 44
: | {
2 3 31 11 0201 0588 342 84 432 1109 132 212 33 52
g ' -
=

4 27 10 0213 0153 300 56 . 380 376 130 172 29 22

* =0430 for BSA, **= 522 for epg albumn,

F = flowr,

| = isplate.

NSI = Nitrogen solubility index, E A = Emulsification acuvity, F.C = Foam capacity, W. A = Water absorption, O0.A = Gil

absorption, W/Q A, .= Water/Oil absorption index

of DWGF was increased (Table, 5). Posi-
tive effects on decreased cooking losses
of extended beef pattie were noticed, in-
dicating the ability of DWGF to hold
water and fat. Such a reverse relationship
between CY and CL was observed in the
present study. There was no significant
differences among treatment in CY for
those beef pattie samples containing 7.5,
15.0; 15.0,22.5,7.5,15.0,22.5; 15.0 and
22.5% rehydrated DWGF which prepared
from WG, without heat treatment; with
conventional heat treatment for 20, 40
min and microwave for one min., respec-
tively. From the previous observations, it

could be recorded that, increasing the
levels of DWGF increased CY and de-
creased CL due to the function of these
products. )

The degree of shrinkage is important
in maintain guality standards of beef
patties prepared in food service estab-
lishments. Therefore, changes in diameter
and thickness must be considered when
benefits of meat additives are evaluated,
Rocha-Garza . and Zayas (1996).
Shrinkage of substituted beef patties with
DWGF at higher level of substitution was
lower and showed the lowest shrinkage
(Table, 5) this probably to the higher
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Table 5. Cooking yicld. cooking losses, shrinkage and water holding capacity of all beef

and substituted beef pattics with defaticd wheat germ flour (DWGF)

Substilution gwg F?f rchydrated Cc;?;]ldng C(}gls(;ng Shrinkage WHC i
| OWEH (%) %) |
; Control 68.5° 31.5° 26.3° 4.8
! Without heat treatment
75 76.2 23.8% 22.1% 4.8
j 15.0 75.9% 24.1% 22.1% 4.8%

: T 225 80.1° 19.9° 2114 3.7
' Conventional heat treatment for 20.0 min,
i 75 69.8° 30.2° 25.3% 4.8%
I 15.0 75.3% 24.7° 24.7%° 4.3° |
; 22.5 791 20.9% 18.9 3.2°
Conventional heat treatment for 40.0 min.
' 75 74.9° 25.1° 24,254 51°
15.0 77.6% 22.4%% 23.2%e 51° |
225 77.0% 2299 210 43 |
Microwave treatment ‘
75 65.0° 35.0° 35.7° 510
15.0 74.6° 254" 22.6% 4.8%
225 76.4% 23.6% 20.5° 44>

- Means followed bythe same letter in the same column do not differ significantly by Duncan s

multiple test (P > 0.05)

moisture retention of the products con-
taining DWGF, than the other extended
patties which containihg 7.5% rehydrated
DWGF which prepared from microwave
WG for one min. show the relative high-
est. It could be concluded that shrinkage
were decreased with increasing levels of
DWGF.

Differences among treatments were
found, when WHC was discussed (Table,
5). The addition of 22.5% of rehydrated
DWGF which prepared from without or
with conventiona! heat treatment for 20
min. was affected WHC of the substituted
patties.

Sensory Quality Evaluation

Differences in sensory guality attrib-
utes of all-beef and substituted beef pai-
ties are shown in Table, 6. All-beef pat-
ties and those containing 7.5, 15.0 and
22.5% rehydrated DWGF without heat
treatment, conventional heat treatment for
20 and 40 min., and microwave for 1.0
min, respectively were not significantls
different in appearance and color in mosa
cases (Table, 6). As rehydrated DWGE
increased, however, differences between
the samples in flavor were increasec.
especially at higher levels (22.5%), anc
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Tabic 6. Avcrage diﬂ‘crcnées in sensory quality attributes of all beef and subsiituted
beefl pattics with defatted wheat germ flour (DWGF)

Fs . 8 B - w [a¥
Substitution levels of rehydrated ) g B g “_2 % g: __E
(DWGF) 2 S = g E =8
< - = 2
: &
Control 50  50% 509 509 0 50% sgbe
Without heat {reatment
75 6.0% 53®  s56% 56° 360d 53w
15.0 6.5  5.6% - 560 6.6° 6.6 6.3°
22.5 56 5.3 46" §3® % 53
Conventional heat'treatment for 20.0 min.
75 ‘ 53% g 53 700 70° 5.6
15.0 66° 5.0° 63 7.0° 5.6 6.0
225 5.6 50° 438 509 5aheE 4 g
Conventional heat treatment for 40.0 min
75 56° 56T 56% 56 60 43%
15.0 56 SE¥ 53% 460 43¢ g3
225 5.6 50% 40 3.3° 4.0° 4.07
Microwave treatment ‘
75 40° 46 a0 365  43%  43%
15.0 S s6® 53 400 360 43 4.0°f
225 56  53® 400 3.0° 40° 3.6

- Means followed by the same letter in the same column do not differ significantly by
Duncan’s multiple test (P > 0.05)

for those extended with microwave sam-  which prepared from WG with conven-
ples at all substitution levels. Juiciness  tional heat treatment for 40 min and mi-
scores for patties containing 15.0%, 22.5; crowaved for one min, respectively,
7.5 and 15.0%; rehydrated DWGF which  however, had significantly lower juici-
prepared from WG without heat treatment  ness ratings. No significant differences in
or conventional heat treatment for 200  tendemess could be observed for the pat-
min, respectively were nof significantly tie samples containing rehydrated
different, those containing 22.5 and all DWGF, however, the samples containing
substitution levels of rehydrated DWGF 150, 22.5 and all extended level of rehy-
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drated DWGF which prepared from WG
with conventional heat treatment for 40.0)
min and microwaved {or onc min. had the
lowes! tenderness ratings than the other
samples. The change in tenderness re-
sulting from addition of plant protcins
was caused by the dilution of myofibril
and stromal protcins (Ahmed and West,
1981).

Overall acceptability of the substi-
tuted beef patties with rehydrated DWGF
recorded the above mentioned observa-
tions. However, the abscnce of significant
differcnces in sample means for the se-
Iected quality  attributes of substituted
beef patties in this study may not indicate
absence of undesirable cffects on sensory
properties from the addition of DWGF.
Trends suggested a considerabie effect
from the addition of the samples prepared
from microwave WG or due to the addi-
tion of increased levels of DWGF. In
conclusion, this study suggests a possi-
bility of using of DWGF which prepared
from treated WG with conventional heat
treatment up to 20 min at 100°C as a one
of the primary Ingredients in such func-
tional blends that might be useful in pro-
ducing extended meat products. Rocha-
Garza and Zayas (1996) reported that,
WGPF has potentizl for use as an ex-
tended in ground broiled beef products.
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