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A procedure developed for soybean protein precipitation which was based on electrodialysis was
tested for the production of acid casein from reconstituted skim milk. In a previous paper, the
performance of bipolar membrane electroacidification (BMEA) was evaluated under different conditions
of ionic strength (#addes = 0, 0.25, 0.5, or 1.0 M) and added salt (CaCl,, NaCl, or KCI) (1). The aim
of this study, which is the complement of the work on evaluation of BMEA performance, was to evaluate
the functionality of the protein isolates produced by BMEA and to compare the BMEA isolates to
commercial isolates and an isolate produced by chemical acidification. It was not possible to show
differences between the functional properties of isolates produced by BMEA, except at 1 M CaCl,
Uadded, due to the variability of the isolates. However, the results showed that it is possible to obtain
isolates similar to commercial isolates and that the addition of salt during the process does not induce
variations in functional properties. From results on mineral concentrations, it appeared that the addition
of monovalent cations did not influence the retention of monovalent or divalent cations in the BMEA
isolates, while addition of divalent cations (CacCl,) influenced the retention of magnesium. According
to previous results on evaluation of BMEA performances under different conditions of ionic strength
and added salt, the difference observed for the BMEA isolate produced at 1.0 M CaCl, was confirmed.

KEYWORDS: Electrochemical acidification; bipolar membrane; casein; salt; ionic strength; functional
properties; physicochemical composition

INTRODUCTION conduction is achieved by the transport of thnd OH

Bipolar membrane electroacidification (BMEA), a technology 9€nerated by electrodissociation of water molecules at the
using a combination of electrodialytic phenomena and bipolar Interface of the BPM4). The pH will decrease in a solution
membranes (BPM), has been used previously to produceCirculating in an electrodialysis cell on the cationic side of the
soybean protein isolates having chemical compositions and BPM, and demineralization will be achieved by the electrodia-
functional properties comparable or superior to those of com- Iytic process. Compared to conventional isoelectric precipitation
mercial isolatesd). Therefore, BMEA was also studied for the technologies, the generation ofléan be precisely controlled
production of casein isolate8)( in BMEA by the regulation of current density. BMEA also

BMEA uses the property of BPM to split water and the action reduces environmental risks related to the handling and trans-
of cation-exchange membrane (CEM) to demineralize. Briefly, portation of dangerous chemicals such as acids and b&ses (

when a current is passed accross a bipolar membrane, electrical As in any electrochemical process, the products to be treated
by BMEA must possess a relatively high mineral content to

* Address correspondence to this author at STELA, Pavillon Paul- gllow good electrical conductivity and to reduce the global
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amount of salt to the skim milk solution in order to obtain better emulsion stability, protein load, and solubility as a function of pH) of
electrical efficiency. Consequently, in a previous paper the each dialyzed CAS were performed. In addition, the properties of
performance of BMEA, in terms of electrodialysis cell param- BMEA CAS were also compared with those of commercial and
eters, percent protein precipitated, and energy consumption, Waé:h?é‘;'cl\jl‘g)t’hg?g‘ffeir%@iis Protein Conterfirotein content was
SV%dléasteg gng?rldéﬁa;a gtnzoggg:’gzgﬁ[ I?g;@igg]gﬁ?{ig) determined, using an FP-428 LI_E_CO apparatus (LECO Co., Sair_1t-
N ’ L, . Joseph, MI), according to the conditions and parameters used by Bazinet
(1). KCI and/‘ad‘?Ed: 0.5 M was the beSt Comb'nat'or.". W't,h &  etal. @), on each of the BMEA, commercial, and chemically produced
45% decrease in energy consumption and no modification in cas isolate powders.
the protein composition of the isolate. Lactose ConcentratiorProtein solutions (5%, w/v) were acidified
However, according to Cayot and Lorief,(changes inthe  with 1.0 N HCI until precipitation of proteins was observed. Samples
composition of the surrounding media lead to modifications and were then centrifuged for 15 min at 2Gp@nd 20°C in a Beckman
to variation in protein functional properties. The functional GS-6 centrifuge (Beckman Instruments Inc, Mississauga, ON, Canada).
properties are the microscopic expression of the capacity of aEgtiegnml'g:]oggeéscth}zfn O&g‘r:dg:trgtc‘?gnfi‘f"iFc’ercr‘;tago"c"sviégld“toeﬂ
ﬁ]rg:ﬁ;? é%;gi%ggg,n;ﬂ?;i?ggsg irne?(?rggss?[rtec;lgt% %ré\gggsecémada) connected to a HPLC (Waters Associates, Milford, MA)

he ionic i . d v th ubili file of gquipped with a UV detector (210 nm) (model 490, Waters) and a
the ionic interactions and consequently the solubility profile of o4 ctive index detector (model R410, Waters) according to the method

the protein. In the same way, the presence of divalent ions, in of poyon et al. 8). A 0.0054 N HSQ; solution was used as the mobile
high concentration, may lead to important aggregation during phase at a flow rate of 0.4 mL mif The concentration of lactose
technological treatments with negative technological conse- was determined using a commeraalactose solution (Sigma Chemical
quences). Co., St. Louis, MO) of known concentration.

Therefore, the aim of this work, which is the complement of Moisture.Water content was measured according to AOAC method
the previous work on evaluation of BMEA performandg,(  "0- 927-059). _ _
was (1) to analyze the chemical composition of BMEA isolates Ash Content Ash content was determined according to AOAC
produced under different conditions of salts and ionic strength methods no. 930-30L0) and 945-46 11).

dded. (2) af dialvsi | he eff fi ; Potassium, Sodium, Magnesium, and Calcium ConcentraSon.
added, (2) after dialysis, to evaluate the effects of increasing ; potassium, magnesium, and calcium concentrations were deter-

ionic stre;ngth and added salts during BMEA on the functionality hined by inductively coupled plasma (ICP, Optima 3300, dual view,
of protein isolates, and (3) to compare the dialyzed BMEA perkin-Elmer, Norwalk, CT). The wavelengths used to determine
isolates to commercial isolates and to an isolate produced bysodium, calcium, magnesium, and potassium concentrations were
chemical acidification in our laboratory and prepared under the 589.59, 422.67, 285.21, and 766.49 nm, respectiv@lyThe analyses
same conditions as the BMEA isolates. were carried out in radial view. Solutions were prepared from known
weight skim milk ash dissolved in 10 mL of HCI (2N) and diluted
with HCI (2 N) to be within the calibration ranges for each cation.

Specific ViscosityTen milliliters of 4% (w/v) protein solution was

Materials. Casein isolates (CAS) were produced by electroacidifi- introduced into a calibrated viscometer size 100 (Cannon-Fenske routine
cation. The electroacidifications described in a previous study were Viscosimeter, Cannon Instrument, VWR, Ville-Mont-Royal, QC, Canada)
carried out under different conditions of added salt (GaNBACI, or placed at 25C in a thermostated water bath. The time needed for the
KCI) and ionic strength of the skim milk solutiomfiged= 0, 0.25, solution to flow through the thin capillary was measured precisely and
0.5, or 1.0 M) (). The raw material used for BMEA was reconstituted  divided by the time needed for double-distilled water to flow under
milk (10%, w/v) from low-temperature spray-dried skim milk powder the same conditions in order to give the relative viscosjty ¢f the
(Agropur, Granby, Canada). Two replicates of each combination of protein solution. The analysis was repeated five times for each solution.
added salt and ionic strength were performed in this experiment. At Specific viscosity was calculated from relative viscosity and protein
the end of each run, about 2.5 L samples of the electroacidified milk concentration according to the following equation:
solution were collected. These samples were centrifuged for 10 min at
4 °C, at 50@ (centrifuge model J2-21, rotor type JA-10, Beckman N 1
Instruments Inc., Palo Alto, CA), the precipitate was washed twice with Msp= [Prot]
double-distilled water, and the pH was adjusted to 6.6 WiN NaOH.

The sodium caseinates (CAS) produced were lyophilized for 24 h at yherey, is the specific viscosity (milliliters per gramy, the relative
room temperature (model Freezone 4.5, Labconco, Kansas City, MO). yiscosity of the protein solution, and [Prot] the protein concentration
The lyophilized CAS were stored at°C. of the solution (grams per milliliter).

Three commercial sodium caseinates were purchased: New Zealand Protein Load of the Emulsion®il-in water emulsions (33%, v/v)
isolate (Alanate 180) from New Zealand Milk Products Inc. (Santa Rosa, were produced by mixing commercial corn oil (Mazola) and protein
CA), Sigma isolate (C 3400) from Sigma-Aldrich Canada Ltd. solution (4%, wiv) with a Polytron (model PT 10-35, probe PTA 10S,
(Oakville, ON, Canada), and UFL isolate from Les Aliments UFL Inc.  Kinematica AG, Littau, Switzerland) for 30 s at 9000 rpm and
(Montreal, QC, Canada). homogenizing at a pressure of 70 mPa with an Emulsiflex-C5 valve

Sodium caseinate was produced by chemical acidification with HClI homogenizer (Avestin, Ottawa, ON, Canada). Protein load was
(1.000 N, VWR Canlab, Ville Mont-Royal, QC, Canada) at the calculated from protein depletion in the serum phase after emulsion
laboratory and prepared under the same conditions as the electrochemiformation, according to Britten and Giroukd). The serum phase was
cal CAS. separated from the emulsion by centrifugation (25068 1 h at 4

Methods. (a) Sample Preparation before AnalyseShemical °C) using a Beckman centrifuge (model J2-21, rotor type JA 20-1).
analyses (protein, ash, and lactose contents; moisture; sodium, calciumProtein was determined in the agueous phase before and after emulsion
magnesium, and potassium concentrations) were performed on eacHormation using the method of BradfordlJ), calibrated with a bovine
BMEA CAS. For each CAS, 250 mL aliquots of 5% (w/v) protein serum albumin (BSA) standard (Biorad Laboratories Canada Ltd.,
solutions were dialyzed (1/100) for 18 h against 0.01 M sodium Mississauga, ON, Canada). Protein load results were expressed as
phosphate buffer (pH 6.8) to reduce the influence of salt composition milligram per square meter. Protein concentration depletion in the
on functional properties. Chemical analyses (ash and lactose contentsaqueous phase was divided by the interfacial area (1A) of the emulsion.
sodium, calcium, magnesium, and potassium concentrations) andlA of the emulsion was calculated from the turbidity of diluted
determinations of the physicochemical (particle size and specific emulsions {4): emulsions were diluted to a final oil volume fraction
viscosity) and functional properties (foaming capacity and stability, 6 x 10°in sodium phosphate buffer (0.01 M, pH 7.0) containing 0.5%

MATERIALS AND METHODS
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sodium dodecyl sulfate (SDS, Biorad Laboratories Canada Ltd., Taple 1. Protein, Ash, and Lactose Contents of Isolates Produced with
Mississauga, ON, Canada) according to Britten and Girdix ( Addition, during BMEA Process, of Salt (CaCl,, NaCl, or KCl) at

Foaming PropertiesFoaming properties were measured according Different lonic Strengths (ttagges = 0, 0.25, 0.5, or 1.0 M)2
to Waniska and Kinsellalf). Fifteen milliliters of 0.5% (w/v) protein

solution was used. The solution in the column was sparged with nitrogen ionic ash lactose
gas at a constant flow rate of 19 mL minuntil the foam volume strength protein (gper100g (gper100g
reached 70 mL. Protein solution was added as required to maintain the  salt ()] (% dry basis) of protein) of protein)
volume constant at 15 mL. The time required to reach 55 mL of foam 0.00 86.8 ab 5.3 cd 6.8 be

and the volume of protein solution added were recorded. At the end of

the sparging, the volume of liquid drained from the foam after 2 min ~ CaClz gég ?gg EE i?é Eﬁg 123 :gc
was measured. The analyses were done at room temperature and 1'00 68.0d 23'7 a 19'7 a
repeated five times for each solution. ’ ' ' ’
Solubility Profile. Hydrochloric acid (0.2 N) was added gradually ~ NaCl 8;8 gﬁ E‘é 132 Egd 18(7) :gg
to 250 mL of 2% (w/v) protein solution. Aliquots (1.5 mL) were taken 1.00 76.0 bed 16.1 abc 10.0 abe

atpH 6.6,5.8,5.4,5.2,5.0, 4.8, 4.6, 4.4, 4.2, and 4.0 and centrifuged

at 50@ for 10 min at 4°C. Protein concentration was measured in the ~ KCl 0.25 794 be 9.1cd 10.6 abc
supernatant using the method of Bradfoi)( Nonlinear regression ggg ?gg Eg 28171 ggd 1(7)3 Zgg
equations were calculated according to Bazinet et6. ( ‘ ’ ’ '

2 Means within a column followed by different letters are significantly different
(P < 0.05).

a
§=b+ -
e (75
w Table 2. Sodium, Potassium, Magnesium, and Calcium Concentrations
of Isolates Produced with Addition, during BMEA Process, of Salt

S is the percentage of soluble proteitjythe pH value ranging from  (CaCl,, NaCl, or KCI) at Different lonic Strengths (iaqged = 0, 0.25,
pH 6.6 to 4.0a the amplitude of the curvé the percentage of soluble 0.5, or 1.0 M)2
protein at the isoelectric point, the center or point of inflection, and

w the width of the transition region of the sigmoidal curve. ionic sodium potassium  magnesium calcium
Particle Size of Caseinate ParticléEhe particle size was determined, strength  (mg per 1009 (mg per 1009  (mg per 100g  (mg per 100 g
in duplicate, on 0.51.0 mL of 0.5% (w/v) protein solution in 2 mL sat (M) of protein) of protein) of protein) of protein)
of double-distilled water, with a submicron particle analyzer at@2 0.00 1729 a 53b 8.9 b 162 cd
_(model N4MD, Bec_kman Coulter, Miami, FL). Results are expressed caCl, 025 31392 125b 9.2 be 562 ¢
in terms of mean diameter (nanometers). 0.50 2544 a 235 b 15.4 abc 1037 b
(c) Statistical AnalysedJsing SAS softwarel(), the data from the 1.00 3773a 625 b 303a 4972 a
compositional, phy3|cochem|cal_, and functional qnalyses_of |sola_tes Nacl 025 2649 a %9b 13.8 abc 973 cd
produced by BMEA were submitted to an analysis of variance with 050 3061 a 166 b 14.3 abe 293 cd
regression contrasts to examine the effects of interactions between the 1.00 5077 a 279 b 16.5 abc 254 cd

variables. The data from the compositional, physicochemical, and

functional analyses, except for solubility as a function of pH, for BMEA, KCl 0.25 22992 S11b 18.8 b 293¢d

commercial, and chemical isolates were subjected to an analysis of 050 19302 7i2b 173 abe 274 cd
. M . A 1.00 2409 a 4980 a 17.7 abc 252 cd

variance, with a comparison of averages by Duncan tests, to distinguish

different groups between the samples. Nonlinear regression equations

were calculated for the data for the solubility as a function of pH using

Sigmaplot (Version 3.0 for Windows, Jandel Scientific, Corte Madera,

CA), and the model curve parameters were compared.

aMeans within a column followed by different letters are significantly different
(P < 0.05).

contents were 5.3, 9.2, 10.6, and 20.1 g per 100 g of protein
RESULTS AND DISCUSSION for 0, 0.25, 0.5, and 1 M, respectively.
Sodium, Potassium, Calcium, and Magnesium Concentra-
Chemical Composition of BMEA Isolates.The analyses of  tjons For calcium and potassium, the final concentrations in
variance showed significant effects during BMEA of ionic  the isolate depended on the ionic strength and type of added
strength P < 0.0002,P < 0.0015,P < 0.0005,P < 0.0001,P salts Table 2). As the ionic strength increased from 0 to 1 M
< 0.0001, andP < 0.0001 for ash, lactose, protein, calcium, (all added salts data averaged), the final concentrations of
potassium, and magnesium, respectively) and type of added salta|cium and potassium increased highly, but the concentration
(P <0.0285,P < 0.0001, and® < 0.0001 for lactose, calcium,  (all ionic strength data averaged) of calcium in the isolates was
and potassium, respectively) on the lactose, ash, protein, anchigher with addition of CaGl(1683 mg per 100 g of protein)
mineral content of the isolates produced by BMEA. than with KCI (245 mg per 100 g of protein) and NaCl (246
Protein. The protein content of the isolates decreased with mg per 100 g of protein), while potassium concentration was
an increase in ionic strength during BME&gble 1). All added higher with addition of KCI (1564 mg per 100 g of protein)
salts data averaged, the protein contents were 86.8, 80.8, 79.9han with CaCJ (260 mg per 100 g of protein) and NaCl (149
and 73.0 g per 100 g of dry isolate at 0, 0.25, 0.5, and 1 M mg per 100 g of protein). For magnesium, the final concentration
Uadded rESpPECtively. in the isolate depended on the ionic strength; all added salt data
Lactose The lactose content was influenced by the type of averaged, the magnesium content increased linearly from 8.9
added saltsTable 1). The lactose contents (all ionic strength  to 21.5 mg per 100 g of protein with an increase in ionic strength
data averaged) of CAS produced with addition of KCl and NaCl from 0 to 1 M. However, this effect is due mainly to the large
were similar, with 9.1 and 9.4 g per 100 g of protein, increase in magnesium retention with the additibmh & CaCb.
respectively, but different from that for CAS produced with It appears that the chemical composition of the isolates
CaCl, with 12.6 g per 100 g of protein. produced by BMEA varied mainly according to the ionic
Ash The ash content increased with an increase in ionic strength of the skim milk solution treated. At high concentrations
strength Table 1). All added salts data averaged, the ash of CaCl, there was a retention of salts and lactose in the isolates,
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thus reducing the total protein content of these isolates. As theTab|e 3. Comparison after Dia|ysis of Ash and Lactose Contents of
isolates were washed under the same conditions whatever theSMEA Isolates Produced under Different Conditions of lonic Strength
ionic strength, these washing conditions in the case of high (uages = 0, 0.25, 0.5, or 1.0 M) and Added Salt (CaCl,, NaCl, or
calcium and potassium concentration isolates were not sufficientKCl), of Commercial Isolates (New Zealand, Sigma, and UFL), and of
to allow diffusion of most of the salts and lactose from the an Isolate Produced by Chemical Acidification and Washed under the
coagulum. Moreover, the concentration of lactose in the isolates Same Conditions as the BMEA Isolates®

increased with the ionic strength; ionic strength might reduce

) . . . ionic ash lactose
porosity and increase particle size of the coagulum, thereby strength (g per 100 g (g per 100 g
decreasing surface contact area with washing solution and thus gt M) of protein) of protein)
the effectiveness of lactose removal. Many authors have pointed 0.00 0.056 ¢ 0.9ab
out that processing variables such as number of washes to which ' ' '
the curd is subjected influence the quality of the rennet casein CaCl; 8'53 8'822 EC 1% Zg
(17—19). Moreover, Munro et al.17) noted that poorly washed 1.00 0.090 a 21la
casein contains a very high lactose content. In addition, for NaCl 0.25 0,053 cd 124b
mineral concentrations, the values presentethible 2 showed 050 0.054 cd 12ab
high standard deviations. These high standard deviations were 1.00 0.053 cd 12ab
not due to the ICP method, which was very accurate and ¢ 025 0.050 cde 11ab
reproducible, as will be shown later for the mineral content of 0.50 0.052 cde 0.9 ab
the dialyzed isolates, but were due to the variability of the 1.00 0.057 cb 18a
isolates produced by BMEA. Since the washing step was not  chemical 0.052 cde 1.1lab
efficient enough, the mineral composition of BMEA isolates New Zealand 0.053 cd 01b
was very variable. However, from these results some conclusions S'g_“a 8822 ge 82 E

could be drawn about the influence of added minerals on

monovalent and divalent C.aitlon retention in the BM.EA |so_Iates. @ Means within a column followed by different letters are significantly different
It appeared that the addition of monovalent cations did not (P < 0.05)
influence the retention of monovalent or divalent cations in the

BMEA isolates. The addition of divalent cations influenced the rp0 4 comparison after Dialysis of Sodium, Potassium, Magnesium,
retention of divalent cations. More precisely, the magnesium an4 Calcium Concentrations of BMEA Isolates Produced under
concentration in the BMEA isolate increased with addition of pifferent Conditions of lonic Strength (iagges = 0, 0.25, 0.5, or 1.0 M)
CaCb. These results mean that during BMEA treatment there and Added Salt (CaCl,, NaCl, or KCI), of Commesrcial Isolates (New
was exchange of divalent cations with monovalent cations when Zealand, Sigma, and UFL), and of an Isolate Produced by Chemical
KCI or NaCl was added, but exchange of divalent cations, Acidification and Washed under the Same Conditions as the BMEA

especially magnesium, was lower or absent when £€a@bk Isolates?
added. . ' ) ) .
» . . . ionic sodium potassium magnesium calcium
Under such conditions, Q|aly3|s qf BMEA isolates was strength (mgper 100g (mgper100g (mgper100g (mg per100g
necessary to decrease the difference in salt and lactose concensat (M) of protein) of protein) of protein) of protein)
tratlg_rtl_s betw?r?n_ |fsola:_es, Ito Ztu(:]y _the heffe_ctsI of BI\/It_EA 0.00 157a 0543 <dPa 13¢
conditions on their functional an p. ysicochemical properties. caCl, 025 1183b 06la <dl a 26 be
Effects of_Add_ed Salts {ind _I0n|c Strength on BME_A 0.50 12.3ab 057a 0.06 a 73Db
Isolate Functionality. After dialysis, the chemical composition 1.00 10.9 ab 0.73a <d a 195a
and the physicochemical and functional properties of the BMEA nNacl 025 12,5 ab 054 a <d a 17¢
isolates were reanalyzed. 0.50 149ab 051a 0.02a 17¢
(a) Chemical Compositiofhe analyses of variance showed 100 139ab 089a 003a 19¢
a significant effect of ionic strengttiP(< 0.0001,P < 0.0015, KCl 0.25 138ab 096a <d a l6c
andP < 0.0005 for ash, lactose, and calcium, respectively) and 2‘88 1‘3"3 ‘;E 8'322 :g: g iég
type of added saltR < 0.0001,P < 0.0285, and® < 0.0001 T ' ' '
for ash, lactose, and calcium) on the lactose, ash, and mineralc"emical 135ab 084a 0062 L7c
he isolates produced by BMEA. The regression New Zealand 152ab 064a <o rle
content of the iso p y BMEA. 9 Sigma 112ab 05la <dl a 07¢
contrast results demonstrated the significant double effects of urL 10.6 b 117a <d a 05¢
added salts and ionic strength on calciuf € 0.0001) and
ash P < 0.0001) contents. 2 Means within a column followed by different letters are significantly different

Lactose The lactose content was influenced by the type of (P <0.05). °dl = detection limit.

added saltsTable 3). The lactose contents (all ionic strength 4). As the ionic strength increased from® 1 M (all added
data averaged) of CAS produced with addition of KCl'and NaCl gt data averaged), the final concentration of calcium increased
were similar, with 1.2 and 1.1 g per 100 g of protein, fom 1.3 10 7.7 mg per 100 g protein, but its concentration in
respectively, but different from that of CAS produced with  the jsolates (all data of added ionic strength) was higher with
CaCp, with 1.4 g per 100 g of protein. addition of CaGl (7.9 mg per 100 g of protein) than with NaCl
Ash The ash content increased with an increase in ionic (1.7 mg per 100 g of protein) and KCI (1.5 mg per 100 g of
strength Table 3). All added salts data averaged, the ash protein). For sodium, calcium, and magnesium, no more
contents were 0.9, 1.2, 1.1, and 1.7 g per 100 g of protein for differences were observed for the isolates.
0, 0.25, 0.5, and 1 M, respectively. Dialysis of BMEA isolates was very effective since ash and
Sodium, Potassium, Calcium, and Magnesium Concentra- lactose contents, except at high concentrations of Cadtled,
tions. For calcium, the final concentration in the isolate always were decreased to 0.054 and 1.2 g per 100 g of protein,
depended on the ionic strength and type of added sEdtisl¢ respectively. Dialysis of isolates produced with high concentra-
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Table 5. Comparison after Dialysis of Viscosity and Particle Size of

BMEA lIsolates Produced under Different Conditions of lonic Strength

(ttagges = 0, 0.25, 0.5, or 1.0 M) and Added Salt (CaCl,, NaCl, or

KCl), of Commercial Isolates (New Zealand, Sigma, and UFL), and of
an Isolate Produced by Chemical Acidification and Washed under the

Same Conditions as the BMEA Isolates?

J. Agric. Food Chem., Vol. 50, No. 23, 2002 6879

Table 6. Comparison after Dialysis of Foaming Properties and Protein
Load of BMEA lIsolates Produced under Different Conditions of lonic
Strength (¢agges = 0, 0.25, 0.5, or 1.0 M) and Added Salt (CaCl,
NaCl, or KCl), of Commercial Isolates (New Zealand, Sigma, and
UFL), and of an Isolate Produced by Chemical Acidification and
Washed under the Same Conditions as the BMEA Isolates?

jonic jonic foaming foaming foam protein
strength particle size specific viscosity strength capacity capacity stability load
salt (M) (nm) (mL g1 of protein) salt (M) (min) (mL) (mL) (mgm—2)
0.00 291.0ab 60.62 b 0.00 324a 13.65a 4.03a 17.4 ab
CaCl, 0.25 259.0 abcd 53.60 b CaCl, 0.25 3.80a 1355a 3.66 ab 14.5 bc
0.50 185.0d 48.88b 0.50 3.60a 14.15a 3.89a 18.7 ab
1.00 3415a 79.43a 1.00 3.22a 11.85a 3.60 ab 24.8a
NaCl 0.25 278.0 abc 56.84 b NaCl 0.25 3.67a 13.10a 3.86a 14.3 bc
0.50 269.2 abc 57.69b 0.50 3.65a 13.80a 3.97a 13.7 bc
1.00 262.0 abcd 51.20b 1.00 3.64a 12.75a 3.84a 16.9 ab
KCl 0.25 277.5 abc 57.14b KCl 0.25 354a 12.05a 3.64 ab 6.9c
0.50 280.0 abc 58.48 b 0.50 3.28a 13.30a 4.09a 15.6b
1.00 254.2 bed 52.69 b 1.00 3.58a 1270 a 3.89a 14.2 bc
chemical 285.8 ab 57.46b chemical 3.27a 1230 a 3.72ab 12.5 bc
New Zealand 270.5 abc 55.11b New Zealand 347a 9.97 ab 3.25ab 155h
Sigma 198.2 cd 55.73b Sigma 371a 10.14 ab 317ab 18.5ab
UFL 286.2 ab 63.26 ab UFL 3.62a 6.45b 253b 10.7 be

@ Means within a column followed by different letters are significantly different

(P < 0.05).

aMeans within a column followed by different letters are significantly different
(P < 0.05).

tion of CaCh was incomplete. This could be due to the large Table 7. Model Curve Parameters of Solubility as a Function of pH
size of casein aggregates, which prevented rapid diffusion of after Dialysis of BMEA Isolates Produced under Different Conditions of

lactose and ions during the process.

(b) Physicochemical and Functional Propertidgesults of
analyses of variance performed on foaming capadiy>(
0.5489 for foaming capacity expressed in min. &d 0.4578

lonic Strength and Added Salt (CaCl,, NaCl, or KCI), of Commercial
Isolates (New Zealand, Sigma, and UFL), and of an Isolate Produced
by Chemical Acidification and Washed under the Same Conditions as
the BMEA Isolates

in mL) and foaming stability® > 0.3754) showed no significant ionic soluble
effect of added salts or ionic strength. The analyses of variance strength  protein
showed significant effects of ionic strength € 0.0001,P < salt (M) atpHi  amplitude  center  width  R?
0.0011, and® < 0.0029 for viscosity, particle size, and protein 0.00 0.181 177 518 0102  0.997
load) and of added salt® (< 0.025 and® < 0.035 for viscosity caCl, 0.5 0213 16.8 512 0095  0.999
and protein load) on some functional properties of the isolates 0.50 0.289 17.3 510  0.094  0.998
produced by BMEA. The regression contrast results demon- 1.00 0.905 115 521 0013 0982
strated the significant double interaction between added salts NaCl  allionic 0.314 16.8 515 0101  0.994
and ionic strengthK < 0.0006 andP < 0.002 for viscosity strengths
and particle size, respectively). averaged
Particle Size For KCIl and NaCl, the particle size decreased KCl all ionic 0.250 16.5 514 0108  0.986
in a similar manner with an increase in ionic strength from 0 to strengths
1 M, by 12.7% and 10.0%, respectiveljaple 5). With addition averaged
of CaCb, the particle size decreased by 36.4% between 0 and chemical 0.104 154 505 0148  0.960
0.5 M uadgeqand increased back at 1 Midged gie"xéea'a”d 8228 gg gig 882133 8332
Specific ViscosityThe viscosity was influenced by the type USL 0.149 171 518 0099 0999

of added salt and the ionic strengfhiaple 5). The viscosities
of isolates electroacidified with addition of NaCl and KCI were
similar, with averaged values of 56.6 and 57.2 mtlg

Solubility. The addition of KCI or NaCl prior to BMEA

respectively, while the viscosity for isolates produced with treatment influenced the solubility of the protein solution in a
addition of CaCJ decreased by 19.4% with an increase in ionic similar way whatever the ionic strengtiable 7). Soluble
strength from 0 to 0.5 M, and increased by 62.5% between 0.5 protein at the isoelectric point, amplitude, inflection point, and

and 1 Muadded

width of the curves were similar for both salts. With addition

Protein Load.The protein load was influenced by the type of CaCl, the solubility profiles were different according to the

of added salt and the ionic strengifaple 6). With addition of
NaCl, KCI, and CaGl the protein load (all ionic strength data

ionic strength. For ionic strength ranging from 0 to 0.5 M, the
curves were similar, with curve parameters comparable to those

averaged) were different, with averaged values of 15.6, 13.5, of monovalent saltsTable 7). However, the solubility profile
and 18.8 mg m? respectively. Furthermore, the isolates at 1 M uagdeqwas different. Soluble protein at isoelectric point,

produced with addition of Caght 1 M uaddeqsand KCI at 0.25

amplitude, inflection point, and width of the curves were 0.227

M uaggeapresented higher and lower portein loads, respectively, vs 0.905, 17.3 vs 11.5, 5.13 vs 5.21, and 0.097 vs 0.013,
while the others isolates showed similar protein load values of respectively, for averageg,qqeqparameters from 0 to 0.5 and

15.7 mg m2,

1M
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In this study, dialysis of isolates produced by BMEA was differences were observed between the isolates in terms of the
efficient to standardize the mineral composition of caseinate foaming capacity (minutes)?(> 0.3170) and foam stability
and allowed the production of sodium caseinate, except in the (P > 0.1660).
case of addition of Caght 1 Muaqgeq For this particular isolate, Particle Size Three main groups could be distinguished
the higher concentration of calcium explained the formation of (Table 5), indicating a difference in particle size. &4 M CaC}
aggregate responsible for the lower solubility of the isolate and isolate had the highest particle size (341.5 nm), the Sigma and
the higher viscosity and particle size. The relatively high content 0.5 M CaC} had the lowest particle size (191.6 nm), and all
of calcium after dialysis decreased the solubility of phospho- the other isolates had similar intermediate particle size (about
proteins and consequently of the final isola®. (This result 274.0 nm).
confirmed the fact, previously noted, that the coagulum of the  Specific ViscosityTwo main groups could be distinguished
BMEA isolate produced with addition of CaCat 1 M uadded (Table 5). The 1 M CaCfisolate had the highest viscosity (79.4
was more difficult to wash since the viscosity and the particle mL g=1), while all other isolates had similar viscosity of about
size of the caseinate were higher, consequently decreasing th&6.0 mL/g. Moreover, it appeared thaeth M KCI and NaCl
salt diffusion. and 0.5 M CaClhad the lowest viscosities of the second group.

These results agree with data in the literature. As the isolate  Protein Load.Three main groups could be distinguished
produced by BMEA with addition fol M CaCl had a high (Table 6), indicating a difference in protein load. &4 M CaC}
calcium content, this caseinate showed functional and physi- isolate had the highest protein load (24.8 mgmthe 0.25 M
cochemical properties similar to those of a calcium/sodium KCI had the lowest protein load (6.9 mgH), and all the other
mixed caseinate2(). It is recognized that calcium or mixed isolates had similar intermediate protein load (approximately
caseinates form colloidal dispersions in water rather than 15.2 mg n1?).
solutions, with a lower solubility than sodium and potassium  Solubility. Three main groups could be distinguish&ailgle
caseinates2l). Mulvihill and Fox @2) reported that calcium 7). The 1 M pagges CaCl isolate had the lowest solubility
caseinate exists in water as large aggregates (artificial caseinlamplitude of 11.5 mg mt! and soluble protein at the pldf
micelles) that are stable at pH5.5, if the calcium concentration  0.905 mg mL?Y), the chemical isolate had intermediate solubility
is not excessive. In the same way, Bastier et 20) Ehowed (amplitude of 15.4 mg mt! and soluble protein at the pldf
that the calcium content was negatively correlated to the 0 mg mL™), and all the other isolates had higher solubility
solubility index, rate of water absorption, and apparent viscosity. (averaged amplitude of 17.2 mg mLand soluble protein at

Comparison of BMEA Isolates with Commercial and pH; of 0.280 mg mL?).

Chemically Produced IsolatesThe chemical compositions and Foaming Properties The foaming capacity, expressed in
the physicochemical and functional properties of the dialyzed minutes, was the same for all the isolates, with a duration of
BMEA isolates were compared to those of commercial and 3.63 min {Table 6). In the same way, the foam stability was
chemically produced isolates. similar for all the isolates with a quantity of protein solution

(a) Chemical CompositioriThe analyses of variance of the withdrawn of 3.80 mL. However, the UFL isolate had a lower
data for lactoseR < 0.0001), ashR < 0.0001), potassium? foam stability in comparison with the others. For the foaming
<0.0001), and calciun < 0.0001) contents indicated at least ~capacity (milliliters), three main groups could be distinguished.
one significant difference between the isolates. The UFL isolate had the lowest foaming capacity (6.45 mL),

Lactose Two main groups could be distinguisheEaple 3), the Slgma anq New Zealand isolates had an intermediate

indicating a difference in final lactose concentration. The three foaming capacity (10.05 mL), and all the other isolates had an
commercial isolates had similar lactose content, at 0.1 g per @veraged foaming capacity of 13.0 mL. _
100 g of protein, while chemical and BMEA isolates had higher ~ Although the chemical compositions of the isolates were
lactose concentrations, at about 1.3 g per 100 g of protein. In different, three main groups could be defined on the basis of
the second group of BMEA and chemical isolates, iV KCI all data concerning the functional properties. The first group is
and CaGj conditions gave the highest concentrations of lactose. cCOmposed of ta 1 M CaC} uasedisolate with high viscosity,

Ash. Four main groups could be distinguisheEable 3), low sollublhty, high protein Ioad, and intermediate foamlng
indicating a difference in ash content. The Sigma and UFL Properties. The second group is composed of the UFL isolate

isolates had the lowest ash content (0.045 g per 100 g of protein) With intermediate viscosity, high solubility, high foaming

the 1 M CaCi# isolate had the highest ash content (0.090 g per properties, and intermediate protein load. The third group is
100 g of protein), the 0.5 M Caglsolate had an intermediate composed of all other isolates with intermediate viscosity, high

ash content (0.065 g per 100 g of protein), and the other isolatesSOlubility, and intermediate foaming properties and protein load.

appeared to have the same ash content, at about 0.054 g per

100 g of protein. CONCLUSIONS
~ Sodium, Potassium, Calcium, and Magnesium Concentra-  The isolates produced by BMEA with different added salts
tions. Three main groups could be distinguishethlfle 4), and ionic strengths, except & M CaCl uadsea Showed

indicating a difference in calcium final concentration. The 1 M physicochemical and functional properties similar to those of
CaCkbisolate had the highest calcium content (19.5 mg per 100 the chemical, New Zealand, and Sigma isolates. However, the
g of protein), the 0.5 and 0.25 M Caglad intermediate calcium  small differences in foaming properties in comparison with the
concentrations (7.3 and 3.6 mg per 100 g of protein, respec- UFL isolate seem to result from a different mineral content,
tively), and the other isolates appeared to have the same calciuntoming from a different isolate preparation procedure. It was

concentration, at about 1.4 mg per 100 g of protein. not possible to show differences between functional properties
(b) Physicochemical and Functional Propertidéie analyses  of isolates produced by BMEA due to the variability of the

of variance of the particle sizé®(< 0.0004), viscosity R < isolates. However, the results showed that it is possible to obtain

0.0001), foaming capacity (mLP(< 0.0001), protein loadR isolates similar to commercial isolates and that the addition of

< 0.0055), and solubilityR < 0.0001) data indicated at least salt was not directly linked to variations in functional properties.
one significant difference between the isolates. No significant An interesting complementary finding from this study is that
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the addition of monovalent and divalent cations influenced their
retention in the BMEA isolates. During BMEA treatment, there
was exchange of divalent cations with monovalent cations when
KCI or NaCl was added, but exchange of divalent cations,
especially magnesium, was low or absent when ga@ls
added.

If these data on physicochemical and functional properties
are related to the BMEA performances under the different
conditions of ionic strength and added salt, the difference
observed for the BMEA isolate produced at 1.0 M Cafsl
confirmed. Furthermore, since the protein compositions of the
BMEA isolates produced with KCI and NacCl, and the ash and
lactose contents of these isolates, were similar after dialysis,
this explains why no real differences were observed in the
functionalities of these isolates.

These results confirm that BMEA is a “gentle” and an
environmentally friendly technology with a wide-ranging ap-
plication potential, and they give a further explanation and more
information about this technology. Furthermore, to obtain
functional property values comparable with those of commercial
standards, it will be necessary to add one or more steps of
washing of BMEA isolates in order to obtain their real and
representative chemical composition and functional properties.
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