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ABSTRACT Cereal Chem. 75(6):785-791

Solutions of commercial whey protein concentrate (CWPC, 82% prostudied, with significantly higher enthalpy values at®@han at lower
tein) at 5, 10, 20, and 30% were treated with heat at 90°C or with higtemperatures. DSC value for the first enthalpy peak for CWPC decreased
hydrostatic pressure (HHP) at 85 Kpsi (Kpsi = 6.9 MPa) for 30 min. Asignificantly as HHP treatment level increased from 20 to 85 Kpsi. CWPC
CWPC solution at 20% also was treated for 30 min with heat at 60, 7@reated with HHP at 20 Kpsi had an enthalpy value for the first peak that
80, and 90C and HHP at 20, 40, 60, and 85 Kpsi. Differential scanningwas=2 J/g higher than for the untreated sample. It can be postulated that
calorimetry (DSC) thermograms of untreated CWPC (82% protein) showddw HHP treatment of 20% of CWPC solution for 30 min promotes the
two endothermic peaks: the first had an enthalpy value of 4.72 JAgrmation of covalent or noncovalent ssalinks and strong protein-protein
between 57 and 86, and the second had an enthalpy value of 2.36 J/interactions, hence the higher enthalpy values. Scanning electron micro-
between 120 and 143. The first enthalpy peak disappeared after heagraphs showed that spray-dried, untreated CWPC was a globular form,
treatment at 9C for 30 min and HHP treatment at 85 Kpsi for 30 min, whereas heat- and HHP-treated CWPC was a solid glasslike, porous or
whereas the second peak remained, independent of concentration. ¥pongy form. Incorporation of 10% untreated CWPC into wheat flours
results indicate that HHP treatment caused changes in the protein of CWR{gcreased mixograph water absorption, extended mixing time, and caused
and the changes were comparable to those caused by high-temperatueid breakdown of gluten after optimum dough development. Incorpora-
treatment. Differential scanning calorimetric analysis of CWPC, heat treaten of 10% heat- or HHP-treated CWPC significantly increased mixograph
at 60C, showed an enthalpy value for the first peak of 3.34 J/gwater absorption and extended mixing time compared to the control but de-
=1.41 J/g lower than for untreated CWPC. A sharp decrease in enthalpydoeased mixing time compared to dough fortified by untreated CWPC. Mix-
0.52 J/g for the first peak was observed at 70°C, with complete disappedng tolerance of dough was restored by both heat- and HHP-treated CWPC.
ance at 8%C. The second enthalpy peak was present at all temperatures

Whey is defined as the “watery component removed after the whey proteins are mostly used as protein supplements in wheat-
setting of the curd in cheese manufacture” (Varnam and Suthdpased products that have a low protein efficiency ratio (PER) value
land 1994). Whey contains 93.5% water, 5% lactose, 0.5% mineralsr, are lacking some essential amino acids, such as lysine (Stahel
0.2% milk fat, and=0.6—-0.8% protein (Morr 1989, Huffman 1996). 1983).

The major protein fractions of whey gddactoglobulin -Lg), a- Undenatured whey protein can adversely affect the viscoelastic
lactalbumin ¢-La), bovine serum albumin (BSA), immunoglob- properties and baking quality of dough by significantly decreasing
ulins, and polypeptide protease peptones (Marshall 1882).and  water absorption and interfering with formation of the gluten net-
o-La are primarily large globular proteins that make=80% of  work (Ashworth and Krueger 1951, Melachouris 1984, Damodaran
the total whey proteins (Schmidt et al 1984). 1996, Erdogdu-Arnoczky et al 1996). Sulfhydryl groups in whey

Advances in food technology allow concentration of whey proprotein (albumin and globulin types) that cause this interference
teins. Products with a range of protein contents from 10 to >90%an be altered or lost with heat treatment (Ashworth and Krueger
have been obtained. Manufacturing processes for whey protel®51, Larson et al 1951, Schmidt et al 1979, Kilara and Mangino
products affect their composition and functionality (Jacobson 19971991, Damodaran 1996). As a result, heat treatment improves the
Products are classified based on their protein content: whey powdeerformance of dairy ingredients used by the baking industry
is 12-15% protein; whey protein concentrate is 35-85% proteir{fErdogdu-Arnoczky et al 1996, Jacobson 1997).
and whey protein isolate #90% protein (Huffman 1996, Jacobson In recent years, high-pressure treatment has received attention
1997). As the percentage of protein increases in whey products, tae a new alternative to heat processing for food product modifi-
percentage of fat increases, and lactose and ash contents decreasens (Farr 1990, Mertens and Knorr 1992). As reported by Farr
(Huffman 1996). (1990), high-pressure treatment can affect product functionality.

The properties of whey protein products can vary due to differOkamoto et al (1990) stated that high-pressure treatment can in-
ences in their composition and the extent of protein denaturatidnoduce production of a new food material with a novel, desirable
(Dybing and Smith 1991). Undenatured (native) whey proteins arexture. Other benefits of high-pressure processing may include
highly soluble. Because of this, they are easily emulsified, able to forretention of flavor, color, and nutritional quality. This low-energy
foams, and able to form gels when heated. Common examples mfocess does not cause environmental pollution and eliminates the
uses of undenatured whey proteins include incorporation as an egse of chemical additives in food products (Hayashi 1989, Hayashi
replacer in cakes and candies, a stabilizer in yogurt, and an extend®92, Pothakamury et al 1995). Because the process is not time or
in luncheon meat (Varnam and Sutherland 1994). Denatured wheyass dependent, the time required to process large amounts of
proteins, on the other hand, are nearly insoluble and cannot be emfaled is reduced (Pothakamury et al 1995). Many studies have dis-
sified or form foams. Heat can alter protein conformation and, thusussed the use of high-pressure technology in the food industry,
significantly change the functional properties of proteins (de Witncluding production of fresh grapefruit juice without bitterness,
and Klarenbeek 1984, Schmidt et al 1984, Morr 1989). Denaturegoroduction of jams, jellies, and fruit sauces, reduction of bacterial
counts in milk, and applications in processing yogurts and salad
dressings (Farr 1990, Hori et al 1992, Kanda et al 1992, Mertens
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valent bonds, such as hydrogen and ionic bonds and hydrophobic
interactions, while covaent bonds, such as S-H groups, are not
affected. High pressure, instead of heat denaturation, rarely has
been used to denature protein and has not been applied to whey
protein modification. Therefore, data is lacking about the effect of
high hydrostatic pressure (HHP) on whey protein denaturation. The
objectives of this study were to evaluate the effects of HHP on
modification of commercial whey protein concentrate (CWPC) and

Heat Treatment HHP Treatment
1st Experiment 5%, 10%, 20%, 30%
907’C/ concentration \SS‘Kpsi
30 min
2nd Experiment N
Znd Experiment 20% concentration Te—
60°C 30 min 20 Kpsi
70°C 40 Kpsi
80°C 60 Kpsi
90°C 85 Kpsi
3rd Experiment
5%, 10%, 20%, 30% \
concentration 85 Kpsi
1,2, 4,10 and 30 min

Fig. 1. Schematic of heat and high hydrostatic pressure (HHP) treatments.
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Fig. 2. Differential scanning calorimetry curves of untreated commercial
whey protein concentrate (CWPC) and its individual proteins: first scan
of untreated CWPC (a@); rescan of untreated CWPC (&); first scan of -
lactoglobulin (B-Lg) (b); rescan of B-Lg (b'); first scan of a-lactalbumin
(a-La) (c); rescan of a-La(c"); first scan of bovine serum albumin (BSA)
(d); rescan of BSA (d').
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to compare changes to CWPC heat treated by conventional meth-
ods; investigate the effect of concentration, time, and level of HHP
on modification of CWPC; and evaluate changes in CWPC struc-
ture and properties after heat and HHP treatments, using differen-
tial scanning calorimetry (DSC) and scanning electron microscopy
(SEM), and evauate their functionality when incorporated into wheat
flour dough.

MATERIALSAND METHODS

Hard white spring (HWS) wheat cv. Klasic and club wheat cv.
Moro were milled to 60% extraction levels (Miag Mill, Buhler,
Braushweig, Germany). CWPC, containing 82.0% protein, 5.3% ash,
6.0% lipids, and 3.5% lactose, was produced by an ultrafiltration
technique and obtained from AMPC (Ames, IA). The CWPC was
a spray-dried powder with a bland flavor. According to the manu-
facturer, the CWPC possessed high heat stability, strong heat-in-
duced gelling characteristics, and high solubility (AMPC product
information). 3-Lg that contained genetic variants @&;La, and
BSA were purchased from Sigma Chemical Co. (St. Louis, MO).

Analytical Method

Moisture, ash, and free lipids contents in wheat flour were de-
termined according to Approved Methods 44-16, 08-01, and 30-
25, respectively (AACC 1995). Moisture and ash contents in
CWPC were determined according to AOAC methods 16.212 and
16.216, respectively (AOAC 1984). Protein in CWPC (N x 6.38)
and wheat flours (N x 5.70) was determined with a nitrogen analy-
zer (Leco Corp., St. Joseph, MI).

Preparation of CWPC Solutionsfor Heat and HHP Treatments

For heat and HHP treatments, solutions of 5, 10, 20, and 30%
CWPC in deionized water were prepared and kept overnight at 4°C
prior to treatment.

Heat Treatment

Two experiments were performed using heat treatment (Fig. 1).
In the first experiment, 5, 10, 20, and 30% solutions of CWPC were
heated in a water bath at 90°C for 30 min. In the second experi-
ment, a 20% solution of CWPC was heated at 60, 70, 80, and
90°C for 30 min. During heating, the solution was stirred at five
rotations per second with a mixer (Con-Toque, Eberbach Corp.,
Ann Arbor, MI) to achieve uniform heating. After treatment, samples
were cooled to room temperature and freeze-dried.

HHP Treatment

Three experiments were performed using HHP (Fig. 1). In the
first experiment, 5, 10, 20, and 30% solutions of CWPC were treated
for 30 min by HHP at 85 Kpsi (Kpsi = 6.9 MPa). In the second
experiment, a 20% solution of CWPC was treated by HHP at 20,
40, 60, and 85 Kpsi for 30 min. In the third experiment, 5, 10, 20,
and 30% solutions of CWPC were treated by HHP at 85 Kpsi
for 1, 2, 4, 10, and 30 min. This experiment was performed to in-
vestigate whether changes occur in whey proteins after shorter
time HHP treatment at 85 Kpsi.

For each of the HHP experiments, 100 mL of CWPC solution
(at each concentration) was poured into flexible polyethylene bags
(Consolidated Plastic Co., Twinsburg, OH) and heat-sealed. A single
bag or several bags (depending on the experiment) were placed in
a larger bag filled with water as a pressure media, and the larger bag
was sealed and placed inside the chamber of an engineered pres-
sure system instrument (National Forge Co., Willmington, MA) and
subjected to high-pressure treatment. After treatment, pressure was
released automatically, and samples were removed and freeze-dried.

Freeze-dried samples (at different concentrations), after both heat
and pressure treatments, were ground to a fine powder with mortar
and pestle to pass through a screen with 0.25-mm openings. Dry
samples were stored at room temperature for further analysis.



Differential Scanning Calorimetry tent was due to the low (60%) extraction rate. Free lipids content
The differential scanning calorimetry (DSC) characteristics of of 0.74-0.77% was similar for both flours. CWPC contained
CWPC were determined with a DSC instrument (Pyris 1, Perkin 82.46% protein, 5.33% ash, 6.00% lipids, and 3.50% lactose. The
Elmer Corp., Norwak, CT) according to the method of Czuchgowska  high protein content in CWPC indicates a large portion of minerals

and Pomeranz (1989). Fine-powder sample (10 mg, dry basis) was  and lactose were removed during the concentration process.
mixed with water (20 pL) and kept in sealed DSC sample pans over-
night. Samples were scanned from 20 to 180°C at a heating rate@$C Ther mograms of CWPC and Individual Proteins
10°C/min. Indium standards were used for temperature and energyThe DSC curves of untreated CWPC and some individual whey
calibrations. For each endotherm curve, inifig, completion tran-  proteins, such g%-Lg, a-La, and BSA, are shown in Fig. 2. Details
sition (o), onset {,), and peakT) temperatures and transition enthal- of thermal characteristics and enthalpy values are summarized in
pies AH) were computed. All samples were analyzed at lease. Table Il. The DSC curve of untreated CWPC had two distinct en-
thalpy peaks. The first peak, with an enthalpy value of 4.7 J/g, oc-
Scanning Electron Microscopy curred between 57 and 86°C; the second peak, with an enthalpy
A scanning electron microscope was used to examine CWPC bealue of 2.4 J/g, occurred between 120 and 143°C. Onset temper-
fore and after treatment. A thin layer of CWPC powder was sprinkledture for the first peak was 66.9°C, with a maximum temperature
onto an aluminum stub covered with transparent two-sided adhef 74.0°C and, for the second peak, was 124.6°C, with a maxi-
sive tape. The stub was coated with carbon and gd/-0 mm  mum temperature of 133.6°C. These two enthalpy peaks for un-
[=150—-200A] coat thickness) with a sputter device (Hummer Mreated CWPC reflect the temperature enthalpy of individual whey
Technics, San Jose, CA) and viewed in a scanning electron micrproteins.
scope (S-570, Hitachi Corp.pRyo, Japan). Film (type 55, Polaroid  B-Lg, a-La, and BSA also exhibited enthalpy peaks. The first peak

Corp., Cambridge, MA) was used to obtain micrographs. of B-Lg had a maximum temperature of 83.3°C and an enthalpy
value of 14.6 J/g. The maximum peak éot.a occurred at 66.0°C
Dough Mixing Properties and had an enthalpy value of 8.5 J/g. BSA had an enthalpy value

The physical properties of dough (optimum water absorption
and mixing time) and mixograms of control flours and flours forti-
fied (replacement method) with 10% untreated and modified CWPC Max:136.43

were evaluated with a mixograph, according to the method o L Ne— 2

Finney and Shogren (1972). Wheat flour fortified with untreated or

modified CWPC was well mixed and kept overnight in a tightly Max:135.13

sealed glass jar before testing. g T ~——— :4/\_ b
=

Statistical Analysis = ]

All determinations were replicated at least twice and averaged i Ma:134.63
Least significant difference was calculated at the 5% level. Data wer " — c
analyzed using Statistical Analysis System (SAS Institute: Cary, NC). ‘g

E Max:131.15
RESULTSAND DISCUSSION = d
=

The composition of wheat flours and CWPC is shown in Table I. 5
Protein content of HWS wheat Klasic and club wheat Moro was

15.90 and 10.56%, respectively. Flours had ash contents of 0.4 3 4'0 5'0 b:() 7'0 E;O 9'0 160 1;0 150 1;0 1;0 1,'50

0 ;
and 0.41% for HWS and club wheat, respectively. The low ash con Temperature (°C)

~ TABLEI! Fig. 3. Differential scanning calorimetry curves of heat-treated commer-
Composition (%) of Wheat Flours cial whey protein concentrate, four concentrations at 90°C for 30 min: 5,
and Commercial Whey Protein Concentrate (CWCP)2 10, 20, and 30% (a—d, respectively).
Sample Protein Ash Lipids Lactose
Wheat flourb
cv. Klasic (HWS) 15.90¢ 0.43 0.74 MAX:129.31
cv. Moro (CW) 10.56 0.41 0.77
CWPC 82.48 5.33 6.00 3.50 [ —— _ a
aValues are means of two determinations. 2 MAX:134.83
b HWS = hard white spring; CW = club wheat. 2
¢N x 5.70. =1 b
dN x 6.38. S
= MAX:133.55
TABLE Il 2 —
Thermal Characteristics of Individual Proteins E ¢
in Commercial Whey Protein Concentrate (CWCP) 2
=
H a =] MAX:66.78 MAX:130.11
. First Peak Second Peak E ~— pak '_A — d
Protein Sample T, T, AH To T, AH =
Untreated CWPE 66.9 74.0 47 1246 1336 24 RSy
B-Lg 791 833 146 1335 1409 26 30 40 50 60 70 80 90 100 110 120 130 140 150
a-La 60.3 66.0 85 137.2 1383 0.2

(e}
Bovine serum albumin 745 89.3 152 1181 127.2 2.3 Temperature (°C)

2T, Tp andAH = onset and peak temperature (°C), and transition enthalpy¥ig. 4. Differential scanning calorimetry curves of high hydrostatic pres-
(/9), respectively. sure (HHP)-treated commercial whey protein concentrate, four concen-
b B-Lg = B-lactoglobulin;a-La = a-lactalbumin. trations at 85 Kpsi for 30 min: 5, 10, 20, and 30% (a—d, respectively).
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as high as 15.2 J/g and a maximum temperature of 89.3°C. Tipeak, which in the first scan had occurred at 53-104°C. Also, the
maximum temperature of the second peaks for these three protesecond peak, which existed in the first scan at 149€C, disap-
was 127-141°C. The enthalpy values of the second endothermic pegksred in CWPC and-La. B-Lg, and BSA showed second peaks
were much lower than the values for the first peaks. The enthalpyith lower enthalpy values (0.62 and 0.31 J/g, respectively) com-
values of the second peaks [bf.g and BSA are comparable to pared to those in the first scan.
the enthalpy value of untreated CWPC, wheradsa had an
enthalpy value of only 0.2 J/g. DSC Thermograms of CWPC Heat or HHP Treated
The thermal characteristics of CWPC indicate that endothermic The extent of CWPC denaturation by heat and HHP was deter-
peaks of CWPC are due to the major individual proteins, namelmined based on the enthalpy value of the DSC curve. DSC is an
B-Lg anda-La. The thermal behaviors of individual proteins ob- excellent tool for basic or in-depth investigation and measurement
tained in this study agree with those reported in previous studies the thermal response of a food system, particularly protein de-
that showed denaturation pfLg at=80°C and denaturation of naturation (de Wit and Swinkels 1980, de Wit and Klarenbeek 1981,
La at 60—70°C (de Wit and Klarenbeek 1984, Hollar et al 1995). Park and Lund 1984, Relkin and Launay 1990, Dybing and Smith
Rescanning of CWPC and individual proteins showed no firsi991, Kilara and Mangino 1991, Relkin et al 1992, Erdogdu et al

1995).
The DSC enthalpy curves of CWPC solutions at 5, 10, 20, and
TABLE I 30%, each treated with heat at 90°C or HHP at 85 Kpsi for 30 min,
Thermal Characteristics of Commercial Whey Protein Concentr ate are presented in Figs. 3 and 4, respectively. At all concentrations,
(20% concentration) Treated with Different Temperaturesfor 30 min? except 30%, which was treated by HHP, the first enthalpy peak
First Peakb Second Peak disappeared with both treatments, while the second peak remained,
Temp. (°C) T, T, AH T, T, AR independent of concentration. A very smalll, yet detectable, enthalpy

peak of=0.4 J/g for 30% CWPC solutions was observed in samples

60 721b - 774b 33 12520 1328bc 220 subjected to HHP treatment. This may have been due to promotion
70 780a 845a  05b  1252ab 1326c  21b ; U ) > . )

80 0.0c 0.0c 00c 1262a 1332b 23b of protein-protein interactions, which could have increased protein
90 0.0c 00c  00c 1242b 1346a 3.8a resistance to denaturation. The results further indicate that HHP-

2 Means with different letters in the same colurmn within each treaiment are denatured CWPC protein is comparable to CWPC protein denatured

significantly different at the 5% level.
b To, Tp, and AH = onset and peak temperature (°C) and transition enthalpy

(J/g), respectively. ) TAB_LE Vi .
Mixograph Characteristics of Dough Fortified
TABLE IV with 10% Commercial Whey Protein Concentrate (CWPC)?2
Thermal Characteristics of Commercial Whey Protein Concentrate —
(20% concentration) Treated with Different Water Mixing
High Hydrostatic Pressures for 30 min? Sample Absorption (%) _ Time (sec)
- b Hard white spring cv. Klasic (100%) 70.0c 300d
Pressure First Peak Second Peak Klasic (90%) + untreated CWPC (10%) 60.5d 535a
(Kpsi) To To AH To To AH Klasic (90%) + heat-treated CWPC (10%)  78.0a 405b
20 66.6a 75.7a 6.6a 125.8a  133.0a 555  Klasic (90%) + HHP-treated CWPC (10%) 74.0b 390c
gg g?gg g;gg ]1'22 ggig iggzg igsb Club wheat cv. Moro (100%) 55.0c 95d
85 0.0c 0.0c 0.0d 128.3b 133.5a 27a Moro (90%) + untreated CWPC (10%) 54.0d 180a
Moro (90%) + heat-treated CWPC (10%) 68.0a 135b
a Means with different letters in the same column within each treatment are si¢doro (90%) + HHP-treated CWPC (10%) 60.0b 120c

nificantly different at the 5% level.

b To, Tp, andAH = onset and peak temperature (°C) and transition enthalpy (J/ga 20% CWPC treated with 90°C for 30 min,

g’20% CWHPC treated with high hydrostatic pressure (HHP) at 85 Kpsi for 30 min.

respectively.
TABLEV
Thermal Characteristicsof Commercial Whey Protein Concentrate (CWPC) Treated with High Hydrostatic Pressure at Different Concentrationsand Times?
First Peak® Second Peak

CWPC Sample Time (min) To To AH To To AH
5% Concentration 1 59.0a 72.5a 2.7a 127.9ab 135.3a 4.3a
2 66.1a 75.5a 2.2ab 122.9b 133.6a 2.4a
4 59.4a 66.9a 1.5ab 123.6b 134.1a 2.1a
10 56.5a 64.5a 0.9bc 133.3a 134.4a 2.5a
30 0.0b 0.0b 0.0c 125.0ab 129.3a 2.2a
10% Concentration 1 71.8a 75.2a 1.5a 126.5b 135.3a 1l2a
2 61.9a 69.8ab 1.5a 120.7¢c 131.9c 12a
4 59.8a 66.3b 0.8b 128.4b 134.6ab 1.8a
10 60.1a 64.8b 0.3bc 127.8b 133.5bc 1.0a
30 0.0b 0.0c 0.0c 133.7a 134.8ab 13a
20% Concentration 1 63.0a 67.1a 2.2a 126.3a 134.1a 1.9a
2 59.5a 66.1a 0.8b 120.9b 133.2a 1.6a
4 60.1a 66.2a 0.9b 128.8a 133.2a 2.0a
10 43.7b 55.7b 0.6b 125.6a 134.4a 17a
30 0.0c 0.0c 0.0c 128.3a 133.6a 2.7a
30% Concentration 1 59.5a 65.9a 1l.4a 134.7a 141.9a 34a
2 60.2a 66.9a 1.1ab 124.0a 135.0b 1.6a
4 60.8a 66.1a 0.8bc 132.4a 134.3b 1.6a
10 41.4b 45.2b 0.2d 127.2a 134.3b 1.5a
30 62.9a 66.8a 0.4c 126.1a 130.1b 15a

a Means with different lettersin the same column within each treatment are significantly different at the 5% level.
b To, Tp, and AH = onset and peak temperature (°C) and transition enthalpy (J/g), respectively.
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by high-temperature treatments for concentrations of up to 20%. 85 Kpsi can effectively denature CWPC and also how changes in
A 20% CWPC concentration was selected based on the results  protein are affected by protein concentration. Changes on the mo-
from the first part of the study, which indicated that a 20% CWPC lecular level in 5, 10, 20, and 30% CWPC solutions treated by HHP
solution was the highest concentration at which the first enthalpy ~ at 85 Kpsi for 1, 2, 4, 10, and 30 min were evaluated by DSC and
peak did not exist for both temperature and HHP treatments. The  are summarized in Table V. Independent of concentration, the en-
DSC enthalpy values of heat-treated CWPC at 60, 70, 80, and 90tkalpy values for the first peak decreased as treatment time increased.
are summarized in Table Ill. Heat treatment of CWPC at 60°C reAfter 30 min of treatment, the first peak disappeared, except at a
sulted in an enthalpy value for the first peak of 3.3 3190 J/g  30% concentration, as previously discussed. As for the second peak,
lower than for untreated CWPC. A sharp decrease in enthalpy tmthalpy values did not differ statistically between treatment time
0.5 J/g for the first peak was observed at 70°C, with completeithin each CWPC concentration.
disappearance of the peak at 80°C. The second enthalpy peak was
observed at all applied temperatures and had a significantly high&canning Electron Micrographs of Untreated and Heat- and
enthalpy value at 90°C than at lower temperatures. HHP-Treated CWPC
The DSC enthalpy values for CWPC treated by HHP at 20, 40, Scanning electron micrographs of CWPC showed that protein in
60, and 85 Kpsi are presented in Table IV. The value of the firdhe spray-dried commercial product was globular (Fig. 5). Micro-
enthalpy peak decreased significantly as pressure was increaggdphs of CWPC treated with heat at 90°C for 30 min showed
from 20 to 85 Kpsi. The first peak of CWPC treated by HHP athanges in physical appearance as a function of concentration
20 Kpsi had an enthalpy value2.0 J/g higher than untreated (Fig. 6). The physical appearance of freeze-dried CWPC changed
CWPC (Table II). Even though the mechanism is not fully underfrom an easy-to-break, solid, glasslike form at 5% to a hard-to-
stood, these results suggest that treatment with low HHP promotbeeak, porous or spongy form at 30%.
reversible unfolding of protein, altering the protein-protein inter- Scanning electron micrographs of HHP-treated CWPC revealed
actions, which require more thermal energy to denature. Also, thbat changes in the physical appearance of CWPC depend on con-
presence of cross-links of covalent or noncovalent bonds may leentration. HHP-treated CWPC had a more porous structure than
the reason for the greater stability of the native protein structuréeat-treated CWPC at the same concentration (Fig. 6).
which makes the molecules resistant to denaturation (Mangino 1984).
Thus, it can be postulated that low HHP treatment of 20% CWP@hysical Dough Properties
solutions for 30 min promotes the formation of these cross-links The physical properties of hard and soft wheat flours (control)
and strong protein-protein interactions. HHP at 20 Kpsi or loweand flours fortified by untreated and heat- and HHP-treated CWPC
is not likely to denature CWPC. were evaluated with a mixograph. Changes in mixograph mixing

DSC Enthalpy Values for CWPC Treated by HHP
The results of DSC analysis of CWPC treated with HHP for 30 min_ #\ Sy
raised the question of whether shorter treatment times (<30 min) & &

Fig. 6. Scanning electron micrographs of commercial whey protein con-
centrate (CWPC) treated with heat and high hydrostatic pressure, respec-
Fig. 5. Scanning electron micrograph of untreated commercial whey pro- tively: A and B, 5% CWPC; C and D, 10% CWPC; E and F, 20% CWPC;
tein concentrate. G and H, 30% CWPC.
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30 min had similar effects on rheological properties of dough, as
tested with a mixograph, when added to wheat flours. HHP treat-
ment of CWPC caused changes in protein conformation. This proved
that HHP can be used to modify properties of dairy products and
increase their use in more areas, including the baking industry.
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