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ABSTRACT

A two-step-cascade membrane separation by ultrafiltration was performed on caprine milk prepared under different
temperature conditions to eliminate beta-lactoglobulin (B-Lg) from the whey fraction. Effects of temperature treatment
and membrane pore size on the elimination of B-Lg and retention of alpha-lactalbumin (a-La) were examined to deter-
mine the optimum permeate fraction for production of infant formula analogues from caprine milk. The frozen raw ca-
prine milk, with and without prior pasteurization, showed the best membrane separation performance. The permeates
obtained from the 800/30 kDa membrane combination showed the optimal results. The infant formula analog produced
using the casein and 800/30 kDa-permeate fractions of the treated caprine milk had the closest similarity to human milk
with respect to the total protein content (1.3 g/100g), beta-lactoglobulin content (1% - 2%), and casein-o-lactalbumin
ratio (0.6 - 0.7). Membrane performance during ultrafiltration of caprine milk was affected by temperature treatment of

the milk prior to membrane separation.
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1. Introduction

Caprine milk has been recommended as a good substitute
for bovine milk, and has become a more popular alterna-
tive base milk for the feeding of infants who cannot be
breast-fed, and especially for infants with allergies to
bovine milk [1-3]. Caprine milk is reportedly less aller-
genic and more digestible than bovine milk [2,4-6].
Various reports also has shown that caprine milk is
different from bovine or human milk with higher digesti-
bility, distinct alkalinity, higher buffering capacity, and
therapeutic values in human nutrition and medicine [1,
7-10]. Virtually all infants who are allergic to bovine
milk can tolerate caprine milk [2,11]. These infants may
have been sensitive to bovine a-lactalbumin, which is
species-specific, and beta-lactoglobulin (5-Lg), which is
mostly responsible for bovine milk allergy. f-Lg is a
milk protein that is highly resistant to intestinal luminal
hydrolysis and mostly responsible for milk allergy [12].
This protein is a major whey protein in bovine milk,
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which is completely lacking in human milk [2,3]. Ca-
prine milk contains lower levels of f-Lg than bovine
milk, and milk of some dairy goat breeds have little or no
f-Lg [13].

Caprine milk differs from human milk in both total
protein content and casein/lactalbumin ratio, and the
protein energy ratio of whole caprine milk is too high for
its use as an infant food [13,14]. The physical character-
istics of the major caprine milk proteins are shown in
Table 1. Caprine milk g-Lg, like its bovine milk ho-
molog, consists of a polypeptide chain of 162 amino acid
residues [3,15], and has 3 fewer negatively charged and
one more positively charged residues than bovine milk
p-Lg at pH values of 5 to 9. The removal of g-Lg from
caprine milk is difficult due to its pH dependency in the
complex biological fluid system [3]. a-La, on the other
hand, is a predominant whey protein in human milk, and
consists of about of 30% of the whey proteins in caprine
milk [13]. Elimination of g-Lg from caprine milk while
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Table 1. Physical characteristics of the major whey proteins
in goat milk.

Concentration Molecular weight

Protein

(9/100g) (g'mol™)
Beta-lactoglobulin 0.27 18,362
Alpha-lactalbumin 0.12 14,147
Immunoglobulin 0.065 150,000 - 1,000,000
Serum albumin 0.04 69,000
Lactoferrin 0.01 78,000
Lactoperoxidase 0.002 7000

Data from Wong et al. (1996); Cayot and Lorient (1997); Park (2006).

retaining alpha-lactalbumin is therefore one step toward
humanizing the protein composition of caprine milk for
infant feeding.

Most previous studies of milk fractionation have fo-
cused on salt/acid precipitation, ion exchange and affin-
ity chromatography systems for selective protein purifi-
cation. However, these systems have unacceptable econo-
mies at large scale [16,17], and require changes in the pH
of the native milk system [18] which might make the
milk unacceptable for use in infant milk formulation.
Membrane processes are used extensively throughout the
dairy industry because they can be effectively and eco-
nomically implemented at the large scale required for
most dairy applications [17,19].

Temperature treatment is widely used to modify the
properties of milk and milk products. The main change
that occurs during temperature treatment of milk is de-
naturation of the milk proteins, which may cause a si-
multaneous change in permeate flux during subsequent
membrane processing of the milk [19]. Almost no studies
have been reported on the modification of caprine milk
proteins by membrane fractionation based on molecular
size and temperature treatment to eliminate S-Lg while
retaining a-La for infant feeding. The objectives of this
study, therefore, were: 1) to lower the g-Lg and casein/
whey protein ratio of caprine milk without change in
normal milk pH to simulate human milk protein compo-
sition; and 2) to determine the effect of temperature
treatment on the separation performance of caprine milk
protein by ultrafiltration.

2. Materials and Methods
2.1. Preparation of Materials

2.1.1. Protein Standards, Chemicals and Membranes

Standard proteins of f-Lg and a-La were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Water (HPLC-
grade) was purchased from Fisher Scientific (Fair Lawn,
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NJ, USA). All other chemicals used were of analytical
and chromatographic grade. Polyethersulfone membrane
flat sheets of 800, 30, 10, and 5 kDa molecular weight
cut-off series were purchased from Synder filtrations
(Vacaville, CA, USA). The membrane flat sheets were
equilibrated with reverse-osmosis (RO) water and oper-
able in pH range of 1 - 14. Membranes were also com-
patible with both organic and aqueous media, were
cleaned with RO water, nitric acid, alkali detergent
(klenzade; Sigma-Aldrich, St. Louis, MO, USA) and
could be preserved in sodium metabisulfite.

2.1.2. Caprine Milk Samples

Raw caprine milk was obtained from the bulk tank milk
of late lactation Saanen, Nubian, and Alpine dairy goat
breeds at the Georgia Small Ruminant Research and Ex-
tension Center, Fort Valley State University (Fort Valley,
Georgia). The average daily milk yield was 0.5 L per
head and the average somatic cell count of the milk was
550,000 cells:-mL™. The goats were fed Bermuda grass
hay ad libitum, and 0.45 kg of concentrate twice daily.
The concentrate contained 5.0% of crude fat and 2.72%
of digestible energy, which ensured 17% of fiber in the
total diet. The raw caprine milk were collected at two
separate times from the same bulk tank stored at 4°C.

2.2. Experimental Design

2.2.1. Temperature Treatments of Caprine Milk

The raw caprine milk was subjected to temperature
treatments. One batch was treated as raw milk, and the
other batch was immediately pasteurized at 63°C for 30
min after collection. Both batches of the caprine milk
were divided into two equal portions. One part was im-
mediately refrigerated at 4°C, and the other part was im-
mediately frozen and stored at —35°C, which gave the
following temperature treated milk samples: RGM (raw,
refrigerated goat milk); FGM (raw, frozen goat milk);
PGM (pasteurized, refrigerated goat milk); and PFGM
(pasteurized, frozen goat milk). Thereafter, the four
treated caprine milk samples and fresh caprine milk as a
control were tempered overnight at 4°C. After the tem-
perature treatments, fats were separated (skimmed) from
all treated whole caprine milk using a cream separator
(Armfield FT15, Armfield, London, UK) for protein
formulations through ultrafiltration processes. This tem-
perature treatment experiments were conducted in two
replicates.

2.2.2. Ultrafiltration Treatments of Caprine Milk

Protein separation of the temperature treated milks was
carried out in a batch ultrafiltration unit (NIRO Lab20,
Hudson, WI, USA), containing a fixed disc module
(DOW, Denmark). The ultrafiltration unit was equipped
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with 76-mm radius flat disks, a diaphragm circulation
pump, a shell, and tube heat-exchanger. Inlet pressure of
the feed was maintained at 30 psi (pressure 2.54/cm?)
maximum, while outlet flow rate was maintained at 500
mL-min~*. The back-pressure valve was used to maintain
the outlet flow rate.

Fractionation of the temperature treated milks was
performed by ultrafiltration in two steps using different
membrane pore sizes (two-step-cascade). First-step frac-
tionation was done with the 800 and 30 kDa molecular
weight cut-off membranes, using the flat disks of 76 mm
actual radii and 56 mm effective radii. Milk samples
were run through the ultrafiltration system until a 3x re-
tention factor was obtained for all retentates. The reten-
tates obtained from this first fractionation were regarded
as caseins, while permeates obtained were individually
used as the feed for further fractionation.

The second-step fractionation was carried out with the
30, 10, and 5 kDa molecular weight cut-off membranes.
The retentate and permeate milk fractions obtained were
then labeled as: 800 kD-ret: 800 kDa retentate fraction;
800/30-per: 800/30 kDa permeate fraction; 800/10-per:
800/10 kDa permeate fraction; 800/5-per: 800/5kDa
permeate fraction; 30kD-ret: 30kDa retentate fraction;
30/10-per: 30/10 kDa permeate fraction; 30/5-per: 30/5
kDa permeate fraction.

The skimmed fresh goat milk (SGM), and all fractions
from the temperature treated milks were collected sepa-
rately in flat pyrex dishes (200 mm x 150 mm x 20 mm)
and frozen overnight at —40°C. Thereafter, the samples
were lyophilized using a freeze-drier (VirTis Freeze Mo-
bile25, VirTis, Gardiner, NY, USA) at a pressure of 133
x 107 kPa and temperature of —40°C + 2°C. The samples
were then stored as lyophilisates in Styrofoam containers
at —40°C + 2°C, until needed for further analysis. Ul-
trafiltration experiment was performed in duplicates for
each treatment groups, resulting in four replicates per
each temperature treatment group.

2.2.3. Formulations of Infant Formula Analogs

The casein fraction of each milk sample was diluted to
normal strength (3x dilution) with RO water. Optimum
permeate fraction was chosen by determining the perme-
ate with the highest percentage p-Lg elimination and
o-La retention. Four different types of infant formulas
were then prepared by combining one part of the diluted
casein fraction (from the first-step fractionation) and four
parts of the corresponding optimum permeate fractions
(v-v') obtained from each of the treated milk samples
after the second-step fractionation. The prepared infant
formula analogs were then lyophilized, and stored in a

freezer as described above until further chemical analysis.
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Formulation of infant formula analogs was performed in
duplicates for each treatment groups, resulting in four
replicates per each treatment group from the two separate
experiments.

2.3. Chemical Analysis

2.3.1. pH and Total Protein Assays
The pH of SGM, infant formula analogs, and milk frac-
tions were determined using a pH-meter (Fisher Scien-
tific, AR10, Fair Lawn, NJ, USA). Prior to analysis, ly-
ophilisates were reconstituted by mixing them with RO
water at a ratio of 12.5:87.5 (w-v™).

Total protein content of the infant formula analogs was
determined by total nitrogen assay using the Perkin
Elmer 2400 Series Il CHNS/O Analyzer (Covina, CA,
USA). Total nitrogen content was multiplied by a factor
of 6.38 to give the total protein content.

2.3.2. HPLC Analysis

Analysis of the milk fraction samples was conducted by
the HPLC method described by Kuwata et al. [18], using
a Hewlett Packard (Series Il 3247A) model 1090 M
(Ramsey, MN, USA) equipped with a 1046A UV/VIS
detector. Lyophilized samples were reconstituted by
mixing with RO water at the rate of 12.5:87.5 (w-v™).
Protein separation was carried out on a Bio-Sil SEC 125
- 5 column (300 x 7.8 mm) (Bio Rad Co., Richmond, CA,
USA) coupled with a Bio-Sil SEC 125 guard column (80
x 7.8 mm). The mobile phase was 0.05 M phosphate
buffer (pH 6.0) containing 0.2 M sodium sulfate and
0.02% sodium azide. The flow rate was 1 mL-min™, and
the eluents were monitored by measuring the absorbance
at 225 nm or at 280 nm.

2.4. Statistical Analysis

All experimental data collected from the 4 prepared in-
fant formula analogues were statistically analyzed by
analysis of variance, Duncan’s multiple means compari-
son, and least squares mean comparison among different
treatments with reference to the reported human milk
composition, using the general linear model (GLM) of
SAS program [20].

3. Results and Discussion
3.1. The pH Values

The pH values of the four types of infant formula analogs
for the whole milk, caseins and different fractions ob-
tained by ultrafiltration fractionation of the caprine milk
are given in Table 2. The range of pH for all samples
was 6.2 - 6.5, which is close to the pH of human milk
(~6.3). All milk fractions had similar pH values to their
corresponding base milk, and there was no significant

FNS



1100 Production of Infant Formula Analogs by Membrane Fractionation of Caprine Milk:
Effect of Temperature Treatment on Membrane Performance

Table 2. Comparison of pH values among different temperature treatment groups and milk fractions relative to human milk.

pH
Fractions
RGM PGM FGM PFGM HM?

Whole milk 6.51+0.1 6.51+0.1 6.51+0.1 6.51+0.1 6.25 - 6.29
Caseins 6.52+0.1 6.50+0.1 6.51+0.2 6.49+0.2
800 kD-ret 6.28+0.0 6.29+0.2 6.28+0.1 6.30+0.1
800/30-per 6.29+0.0 6.29+0.1 6.30+0.1 6.29+0.1
800/10-per 6.27+0.1 6.28 +0.0 6.27+£0.0 6.27+0.1
800/5-per 6.27 +0.0 6.27+0.1 6.28+0.0 6.27+0.1
30 kD-ret 6.28+0.1 6.27£0.2 6.28£0.1 6.28+0.1
30/10-per 6.29+0.0 6.27 £0.0 6.27£0.1 6.27+0.0
30/5-per 6.27+0.1 6.28+0.0 6.28+0.1 6.27 £ 0.0
IFA 6.30+0.1 6.29+0.1 6.27+£0.2 6.28 +0.1

Jenness (1980); HM: Human milk; 800 kD-ret: 800 kDa retentate fraction; 800/30-per: 800/30 kDa permeate fraction; 800/10-per: 800/10 kDa permeate frac-
tion; 800/5-per: 800/5 kDa permeate fraction; 30 kd-ret: 30 kDa retentate fraction; 30/10-per: 30/10 kDa permeate fraction; 30/5-per: 30/5 kDa permeate frac-
tion; IFA: Infant formula analog; RGM: raw, refrigerated goat milk; FGM: raw, frozen goat milk; PGM: pasteurized, refrigerated goat milk; PFGM: pasteurized,

frozen goat milk.

difference in pH values among all milk fractions (Table
2). The infant formula analogs had pH values comparable
to that of human milk. Temperature treatments and pro-
tein fraction therefore had no effect on the pH of the base
milk, milk fractions and infant formula analogs.

3.2. Effect of Temperature Treatment

Temperature treatment appeared to have a great effect on
the separation efficiency of the caprine milk proteins.
RGM showed a concentration of the major whey proteins
(B-Lg and a-La) in the 800 kDa retentate fraction (Fig-
ure 1). Approximately 70% of the total components in
this fraction comprised of g-Lg and «-La, while these
proteins were not detected in the rest of the fractions for
this milk sample. This might be as a result of the pH de-
pendency and ionic attraction of the natural caprine milk
proteins in the normal milk system, which enables an
increase in their virtual size by surrounding ionic cloud
[17], and renders their separation difficult with mem-
branes of molecular size cut-off of 30 kDa and below.
However, heat treatment of the milk prior to ultrafil-
tration of PGM appeared to give milk fractions with ma-
jor whey protein contents comparable to that of RGM
(Figures 1 and 2). Although heat treatment is known to
cause denaturation of milk proteins to an extent, temper-
ing of the milk at refrigeration temperatures also allows
for refolding and renaturation of these milk proteins,
whereby they tend to retain their normal form [19]. Most
of the major whey proteins in PGM are concentrated in
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the 800 kDa retentate fraction, as in RGM, with very
little or none of these proteins detected in the rest of the
milk fractions (Figures 1 and 2).

FGM, on the other hand, showed a greater distribution
of the major whey proteins in the 800 kDa (34%), and 30
kDa (22%) retentate and 800/30 kDa (32%) permeate
fractions, with about 87%, 60% and 30% of the respective
proteins attributable to g-Lg. This sample also showed the
presence of major whey proteins in the 800/10, 800/5,
30/10 and 30/5 permeates. It, therefore, follows that the
different behavior of the proteins in FGM during ultrafil-
tration, compared with RGM, can be as a result of the
freezing treatment of FGM. This has probably resulted in
a more hydrated and flexible structure of the protein
molecules [19], thereby allowing permeation of these
proteins through the 30 kDa membrane pores.

The combined high temperature and freezing treatment
of caprine milk (PFGM) appeared to result in denatura-
tion of the milk proteins, and the resulting behavior of
these proteins during subsequent ultrafiltration is com-
parable to that of FGM. The milk fractions of the PFGM
sample had the highest major whey protein concentration
in the 800 kDa (36%), and 30 kDa (20%) retentates, and
800/30 kDa (37%) permeate. Although g-Lg accounted
for about 86% and 57% of the respective major whey
protein values in the retentate fractions, its level in the
permeate fraction was significantly lower (18%), and it
was not detected in the other permeate fractions of this
PFGM sample.
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Figure 1. Percentage p-lactoglobulin in the retentate frac-
tions. 800 kD-ret: 800 kDa retentate fraction; 30 kD-ret: 30
kDa retentate fraction; RGM: raw, refrigerated goat milk;
FGM: raw, frozen goat milk; PGM: pasteurized, refriger-
ated goat milk; PFGM: pasteurized, frozen goat milk. Sam-
ple number (n) = 6. Error bars indicate standard deviation
(mean * standard deviation).
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Figure 2. Percentage pg-lactoglobulin elimination in the
permeate fractions. 800/30-per: 800/30 kDa permeate frac-
tion; 800/10-per: 800/10 kDa permeate fraction; 800/5-per:
800/5 kDa permeate fraction; 30/10-per: 30/10 kDa perme-
ate fraction; 30/5-per: 30/5 kDa permeate fraction; RGM:
raw, refrigerated goat milk; FGM: raw, frozen goat milk;
PGM: pasteurized, refrigerated goat milk; PFGM: pas-
teurized, frozen goat milk. Sample number (n) = 6. Error
bars indicate standard deviation (mean * standard devia-
tion).
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The four temperature treated milk samples showed the
presence of residual whey proteins in the casein fraction,
which accounted for about 15% - 23% of the total major
whey proteins. This is expected since some of the whey
proteins would always be present in the concentrated
casein fraction, when using membrane separation tech-
niques [17,21]. Higher levels (18% - 23%) of these re-
sidual whey proteins were detected in RGM and PGM
casein fractions than that of FGM and PFGM. These
higher levels of residual major whey proteins in the ca-
seins of the non-frozen milk samples may be as a result
of the native whey protein dependency on the fluid milk
system [17,19], which makes it more difficult to separate
from the milk caseins. On the other hand, the residual
whey proteins in FGM were comparable to that of PFGM.
The lower residual whey protein content in the casein
fraction of these milk samples can be attributable to re-
laxation of the natural rigidity of the proteins caused by
the heat and/or subsequent freezing treatment of these
samples [19].

3.3. Comparison of Membrane Performance

3.3.1. Elimination of g-Lg

The percentages elimination of g-Lg from the permeate
fractions of the temperature treated milk samples are
shown in Figure 2. There appeared to be a complete
elimination of p-Lg from most of the permeate fractions
of all four treated milk groups. Although the 800/30 kDa
permeate fractions of FGM and PFGM groups showed a
slightly lower level of elimination of f-Lg (90 and 93.8%)
in comparison to those of other milk groups (Figure 2),
differences were not statistically significant (P > 0.05) in
the percentage elimination of this protein among the
permeates obtained from the different membrane sizes.
The high efficiency of S-Lg elimination from the perme-
ates of the second-step ultrafiltration fractionation of the
four milk groups can be attributed to the ability of g-Lg
to form a bipolymer in the absence of casein particles
and presence of a-La, around normal milk pH [17]. This
bipolymer formation of f-Lg in whey fractions can in-
crease its molecular size, whereby its complete elimina-
tion occurred from the permeate fractions of membrane
pore sizes of 10 kDa or less (Figure 2). A nearly com-
plete elimination was also observed from that of 30 kDa
membrane pore size (Figure 2). Furthermore, pasteuriza-
tion prior to freezing appeared to affect the efficiency of
p-Lg elimination from milk whey. This is apparent from
the higher (4%) elimination of f-Lg in the 800/30 kDa
permeate of PFGM in comparison with FGM (Figure 2).
This might have been a result of the freezing by intensi-
fying the degree of protein denaturation that occurred
during pasteurization of the PFGM samples prior to
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membrane separation [19]. Therefore, this situation caused
a greater attraction of the unfolded p-Lg molecules to
form bipolymers [17], thus further preventing their pas-
sage through the second-step 30 kDa membrane pores.

3.3.2. Retention of a-La

The complete removal of g-Lg from caprine milk whey
by membrane filtration is highly desirable for infant
formula production. However, the retention of other
whey proteins, especially a-La, is crucial in the determi-
nation of suitable membrane pore sizes for caprine milk
fractionation. The percentage retention of a-La in the
different permeate fractions for the four milk samples are
presented in Figure 3. The 800/5, 30/10, and 30/5 kDa
permeates of RGM and PGM showed little or no detect-
able a-La (Figure 3). This inability of a-La to permeate
the pore sizes of 5 and 10 kDa membranes during the
second-step fractionation of RGM and PGM can be at-
tributable to its molecular size (14 kDa) in its natural
state, which is bigger than the membrane pore size. The
charged nature of the protein also enables it to attract
electrons to itself, thereby resulting in an increase in its
virtual molecular size [17,22], and further prevent per-
meation through the membrane pores. The similarity of
the a-La retention in the permeate fractions of PGM to
RGM is likely due to the complete or partial refolding of
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Figure 3. Percentage a-lactalbumin retention in the perme-
ate fractions. 800/30-per: 800/30 kDa permeate fraction;
800/10-per: 800/10 kDa permeate fraction; 800/5-per: 800/5
kDa permeate fraction; 30/10-per: 30/10 kDa permeate
fraction; 30/5-per: 30/5 kDa permeate fraction; RGM: raw,
refrigerated goat milk; FGM: raw, frozen goat milk; PGM:
pasteurized, refrigerated goat milk; PFGM: pasteurized,
frozen goat milk. Sample number (n) = 6. Error bars indi-
cate standard deviation (mean + standard deviation).
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this protein during tempering in refrigeration to their
natural form. These results are similar to that reported by
Erdem and Yuksel [19], where the whey proteins heat-
denatured, returned to their original state during refriger-
ated storage.

The FGM and PFGM milk samples, on the other hand,
showed significant retention of a-La in all permeate frac-
tions (Figure 3). These higher levels of a-La in the per-
meate fractions of FGM and PFGM, unlike their non-
frozen counterparts, therefore show that freezing of ca-
prine milk had a positive effect on the retention of a-La
in the different permeate fractions. The 800/30 kDa per-
meate fraction of both FGM and PFGM milk groups
contained the highest a-La level, which is up to 62%
higher than that of the other permeate fractions (Figure
3). This shows that the membrane pore size had a sig-
nificant effect on the degree of retention of a-La in the
permeate fractions. These high levels of a-La in this
fraction can be largely accounted for the molecular size
of this protein (14 kDa) which enables easy permeation
through the 30 kDa membrane and a restricted permea-
tion through the 10 and 5 kDa membranes.

3.4. Comparison of Protein Composition among
Formula Analogues, Human and Caprine
Milk

The 800/30 kDa-permeate was chosen as the optimum
permeate fraction due to the higher level of g-Lg elimi-
nation and a-La retention obtained than in the other per-
meate fractions. This optimum whey permeate was
therefore used for the preparation of the caprine milk
infant formula analogs.

The total protein contents of the infant formula ana-
logs are compared with those of previously reported ca-
prine milk and human milk in Table 3. The infant for-
mula analogs had lower protein contents than caprine
milk, due mainly to their reduced whey protein content
as a result of whey protein reduction during the frac-
tionation processes, and the dilution of the caseins with
the whey permeate during preparation. RGM and PGM
formula analogs had the lowest total protein content,
while reported normal caprine milk had the highest (Ta-
ble 3). There were no differences between the protein
contents of RGM and PGM, and between those of FGM
and PFGM. Human milk has a total protein content about
60% lower than that of normal caprine milk. Likewise,
infant formula analogs prepared with RGM and PGM
showed a lower protein content than the other formula
analogs; with up to 50% lower total protein in both infant
formula analogs than in FGM and PFGM infant formula
analogs (Table 3). The lower total protein content of RGM
and PGM formula analogs can be directly related to the
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Table 3. Comparison of protein compositions among the experimental infant formula analogs, goat milk and human milk.

IFAs containing four milk groups®

RGM PGM FGM PFGM GMP HM®
Total protein (mg/100g) 0.74+£0.23 0.71+0.14 1.52+0.13 141+0.12 3.3 1.3
Whey protein (mg/100g) 0.22 +0.03 0.14 +0.04 0.92 +0.10 0.81+0.12 0.6 0.8
S-Lg (%) 2.91+0.30 1.74+£0.13 2.00+0.21 1.23+0.20 21.8
Casein: whey protein ratio 3.71+£0.11 4.10+0.12 0.62+0.03 0.68+0.11 3.0-6.7 0.4-0.7

®All IFAs (infant formula analogues) were prepared by combining 1 part of the diluted casein fraction and 4 parts of the corresponding optimum permeate
fractions (v-v™) of each treated goat milk group (The 800/30 kDa-permeate fractions were chosen to formulate all formula analogues, because this membrane
combination had the best results for -Lg elimination and a-La retention); “Park and Haenlein (2006); GM: goat milk; “Jenness (1980); HM: human milk; The

abbreviations for RGM, FGM, PGM, and PFGM are same as those in Table 2.

lower whey protein content of their starting permeate
material, which therefore reduced the total protein con-
tent of these milk analog groups. FGM and PFGM infant
formula analogs, on the other hand, showed a reduced
total protein content that is lower than that of reported
whole caprine milk, but similar to human milk (Table 3).

The whey protein content of FGM and PFGM infant
formula analogs also were higher (25%) than that of
documented caprine milk, but closer to that of human
milk (Table 3). RGM and PGM formula analogs had the
lowest whey protein content, about 75% lower than that
of FGM and PFGM infant formula analogs (Table 3).
The low whey protein content of both infant formula
analogs can be attributed to the lower whey protein con-
tent of their starting material.

The amount of g-Lg accounts for about one-fifth of the
total protein in caprine milk [3], but this protein is absent
from human milk [23]. The presence of $-Lg in the infant
formula analogs (1% - 2%) is as a result of the retention
of this protein in the casein fraction of the milk samples.
Although the differences in the g-Lg content among the
infant formula analogs may not be statistically significant
(P > 0.05), the RGM analog had the highest 5-Lg content,
whereas the PFGM analog had the lowest, followed by
the PGM analog (Table 3).

The ratios of casein to whey protein of the infant for-
mula analogs are compared with those of the reported
caprine milk and human milk in Table 3. The casein-
lactalbumin ratios of RGM and PGM appeared similar to
that of the reported caprine milk, while these indices for
FGM and PFGM were significantly lower and compara-
ble to that of human milk (Table 3). The higher values of
this index in RGM and PGM infant formula analogs are
as a result of the low a-La content of these milk groups,
unlike FGM and PFGM. The results in Table 3 therefore
indicate that the FGM and PFGM infant formula analogs
had the closest similarity to the protein composition of
human milk.

Copyright © 2011 SciRes.

4. Conclusions

Caprine milk protein was successfully fractionated by
ultrafiltration to reduce the protein content and eliminate
p-lactoglobulin, to help simulate the protein composition
to human milk. Temperature treatment of the milk can
cause partial denaturation of goat milk proteins, which
improves membrane performance during fractionation.
The caprine milk infant formula analogs produced showed
a similarity to human milk with respect to the total pro-
tein content, p-lactoglobulin content, and casein-lactal-
bumin ratio, indicating that humanizing the caprine milk
proteins is feasible for development of caprine milk in-
fant formulas for feeding infants who need alternative
milk, especially those who have bovine milk allergy.
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