Production of Ultrafiltered Skim Milk Retentate Powder.

2. Functional Properties!
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ABSTRACT

High protein skim milk retentate pow-
ders with modified functional properties
were produced using UF and spray dry-
ing. Different heat treatments (65°C for
30 min, 75°C for 28 s, and 85°C for 28 s)
and pH adjustments (64, 6.7, and 7.0)
were applied before spray drying. The
pH adjustment affected gel water-
holding capacity, acid gel strength, emul-
sifying capacity, and foaming capacity.
Heat treatment also affected gel water-
holding capacity, acid gel strength, and
emulsifying capacity, but not foaming
capacity. The interaction of heat treat-
ment and pH adjustment affected gel
water-holding capacity, acid gel strength,
emulsifying capacity, and foaming ca-
pacity.

(Key words: skim milk retentate powder,
heat treatment, pH, functional properties)

INTRODUCTION

Retentate from ultrafiltered milk can be
dried and used to make cheese (23), fermented
milk products (22, 26), or other products based
on milk protein (16). During UF of milk, pro-
teins are retained in the retentate, and lactose
and mineral constituents pass into the perme-
ate. The true digestibility, biological value, and
net protein utilization of low lactose milk pow-
der produced from UF retentate are better than
those of regular skim milk powder (7). Also,
when membrane filtration is used to concen-
trate protein and to remove lactose from milk
prior to spray drying, some functional proper-
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ties, such as foaming capacity of the retentate
powder, are improved (25).

The unique physicochemical characteristics
of UF retentate powder are desirable in food
(21). Emulsifying capacity, gel water-holding
capacity, acid gel strength, and foaming capac-
ity of high protein milk powder may influence
processing and quality of dairy products such
as cheese, yogurt, ice cream, and dairy-based
desserts.

Heat treatment of UF skim milk can result
in powders with desirable functional properties
(2). The extent of heat treatment can be altered
to prepare powders for different products [e.g.,
low heat powders in yogurt, ricotta cheese, and
rennet casein and high heat powder in bakery
products (20, 27)]. Heat treatment of whey
proteins or S-lactoglobulin can result in
products for which the rheological and textural
properties range from soft curd to hard gels (6,
14, 21, 24, 30).

When UF retentate was modified by heat
treatment, the functional properties (i.e., water
absorption, whippability, foaming capacity,
and acid gel strength) of the resulting high
protein powder improved as protein content
increased (2). In UF retentate, rennin action
strongly depends on the severity of heat treat-
ment. Curd consistency and syneresis are in-
fluenced by both heat treatment and protein
concentration (3). Syneresis decreases as pro-
tein concentration increases and is strongly
affected by pasteurization and UHT treatment.
High protein retentate powder has low bac-
terial count and low acidity and retains excel-
lent flavor when stored for up to 4 wk at five
temperatures ranging from 4 to 60°C. Foaming
and heat stability were also better than those of
commercial skim milk powder (18).

The functional behavior of milk can be
altered by heat treatment (not as extensive as in
evaporation) and pH adjustment. The objective
of this study was to evaluate how heat treat-
ments and pH changes prior to drying affected
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the functional properties of spray-dried skim
milk retentate powders.

MATERIALS AND METHODS

Production of UF Retentate Powders

Skim milk retentate powders were prepared
as described previously (9). A raw skim milk
retentate with 20% solids was divided into
portions and heated prior to spray drying. The
four heat treatments were no heat, 65°C for 30
min, 75°C for 28 s, and 85°C for 28 s. The pH
was adjusted to 6.4, 6.7, and 7.0. Three differ-
ent lots of milk were used to prepare three
replicates for each treatment.

Analytical Procedures

Gel Water-Holding Capacity. A method de-
veloped to determine the water-holding capac-
ity of gels of reconstituted milk powders (Y.
A. El-Samragy and C. L. Hansen, 1993, un-
published data) was used to measure the gel
water-holding capacity of the retentate pow-
ders. Retentate powder was reconstituted in .01
M CaCl; to 12% total solids (1) and held for
20 h at 5°C for equilibrium (10). The recon-
stituted milk was then held at 30°C for 30 min.
A purified calf rennet solution (The New
Zealand Cooperative Rennet Co., Ltd., Eltham,
New Zealand) was diluted with distilled water
to nominal clotting activity of 100 rennet units
and maintained at 2°C for no longer than 1 h
prior to use. Two milliliters of diluted rennet
were added to 50 ml of sample in a
250-ml beaker and kept at 30°C in a water bath
for 30 min. The curd that formed was then cut
around the edge and into four quarters with a
thin, straight spatula. Whey was drained by
pouring curd into a glass funnel containing a
number 1 filter paper (12.5-cm diameter;
Whatman, Maidstone, England) set on a
100-ml measuring cylinder. The gel water-
holding capacity was calculated after 1 h of
filtration as follows: gel water-holding capac-
ity (milliliters) = 50 — drained whey volume.

Acid-Gel Strength. Retentate powders were
reconstituted in distilled water (10% total
solids), and those solutions were acidified with
D-glucono-é-lactone with the procedure de-
scribed by Harwalkar et al. (15). One hundred
milliliters of reconstituted retentate powder in

2887

a 150-ml beaker were heated to 90°C for 5
min. One gram of crystalline D-glucono-
&-lactone was quickly stirred into the mixture,
which was then held quiescently at 90°C for 5
min during which time gelation occurred. The
gels were cooled to 5°C and held at this tem-
perature for 2 h prior to testing. The beaker
was placed on a digital electronic balance
(Denver Instrument Co., Denver, CO), and a
motor-driven 1.5 cm cylindrical steel rod was
lowered at a rate of 1 cm/min (19). The acid
gel strength was the force required to break
that gel, i.e., the highest recorded balance in
grams.

Emulsifying Capacity. The emulsifying ca-
pacity was estimated using the procedures out-
lined by Satterlee and Free (33) and Webb et
al. (36). Corn oil was delivered continuously
and mixed into the reconstituted sample (1%
total solids). The delivery of oil was stopped at
the point of emulsion collapse, as measured by
electrical resistance; the amount of oil at that
point was the emulsifying capacity.

Foaming Capacity. The method described
by Phillips et al. (32) was used to determine
the foaming capacity of the retentate powder.
The overrun measurement was made after 10
min of whipping using 75 ml of reconstituted
sample (5% total solids).

Heat Stability. The retentate powders were
tested for heat stability as described by Hall
and Hedrick (13) and Jimenez-Flores (17);
20-ml samples reconstituted to 10% total
solids were added to 5S0-ml test tubes, covered
with aluminum foil, and placed in a boiling
water bath for 120 min. Observations for
coagulation were made every 5 min without
retrieving the tubes from the water.

Statistical Analysis

The experimental variables were studied by
ANOVA using a split-plot randomized block
design, where heat treatment was the whole
plot treatment, pH adjustment was the subplot
treatment, and the three lots of milk were the
blocks. The least significant difference test was
used to calculate significant differences.

RESULTS AND DISCUSSION

An ANOVA table for the experimental
results is given as Table 1. The interaction
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TABLE 1. Analysis of variance: some functional properties of skim milk retentate powders.

Mean squares
Gel water-
holding Acid gel Emulsifying Foaming
Source of variance df capacity strength capacity capacity
Replicates 2 1.083 28 2 13,556
Heat treatment 3 92.741%%* 57 8we+ 10,714.3%*+ 10,548
Error (a) 6 1.824 5.1 6.7 8201
pH 2 438.583%%%  8129.4%** 17.0* 18,561*
pH x Heat treatment 6 6.769* 236.5%%* 22.1***  14,194*
Error (b) 16 1.931 29 33 4054
Total 35
*P < .05.
*exp < 001

effects of heat treatment and pH adjustment on
all functional properties were significant to
varying degrees (Table 1).

Data presented in Table 2 indicate the ef-
fects of heat treatment and pH adjustment on
functional properties of reconstituted skim

milk retentate powders. The gel water-holding
capacity was significantly higher for the heated
retentate than for the unheated retentate at the
same pH. These results are consistent with
those of Casiraghi et al. (3), who also found
that heat treatment and protein concentration in

TABLE 2. Means for some functional properties of skim milk retentate powders.!

Gel water- Acid gel Emulsifying Foaming
pH holding capacity strength capacity capacity

(ml) ® (ml of oil) (% overrun)

No heat treatment
6.4 pZ i 1358 1488 1056b=
6.7 27by 122bx 1468% 1281ax
7.0 378z 95¢x 140bx 1104bx
65°C for 30 min
6.4 28y 133ax 1408y 10363
6.7 32bx 122bxy 1378y 10728y
7.0 41y T3y 134by 11022%
75°C for 28 s
6.4 27y 13680x 88s2 1027bx
6.7 32bx 97by 892z 11458
7.0 39a.yz 75¢¥ 91az 107580
85°C for 28 s

6.4 34bx 1208y 74ax 1138ax
6.7 33bx 94b.y 750 10654y
7.0 4383y T4cy 762x 10678.x
LSDabec 24 29 31 110
LSDxy.z 2.5 35 39 138

b, east significant difference for the difference between two pH at same heat treatment; means not sharing the same

superscript are significantly different (P < .05).

xyZLeast significant difference for the difference between two heat treatments at same pH; means not sharing the

same superscript are significantly different (P < .05).
IMean of three replicate trials.
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combination affected the curd consistency and
syneresis of the rennet-coagulated UF recon-
stituted retentate powders.

Acid gel strength was altered significantly
(P < .05) by pH change within each heat
treatment. Acid gel strength decreased signifi-
cantly (P < .05) for the heat treatment at 85°C
for 28 s compared with that for the first three
heat treatments at pH 6.4. At pH 6.7, the effect
of the first two heat treatments differed signifi-
cantly (P < .0S) compared with that of the last
two heat treatments. Acid gel strength of the
unheated samples was significantly higher (P <
.05) than that of the samples heated at the last
three heat treatments when the pH was ad-
justed to 7.0 (Table 2).

Emulsifying capacity decreased signifi-
cantly (P < .05) when the pH increased to 7.0
in unheated samples. Also, pH change affected
emulsifying capacity when heat treatment at
65°C for 30 min was applied. Change in pH
did not significantly change emulsifying ca-
pacity (P > .05) of the samples heated at 75 or
85°C for 28 s prior to spray drying. At each
pH, heat treatment decreased emulsifying ca-
pacity significantly (P < .05) as the temperature
of the heat treatment increased (Table 2).
Others (16, 28, 31, 35) found that the type of
protein affected the ability to form an emul-
sion. a-Lactalbumin is more easily denatured
and apparently interferes with the emulsifying
capacity of the g-lactoglobulin.

Change in pH caused foaming capacity to
change in unheated samples and when heat
treated at 75°C for 28 s. At each pH, the effect
of heat treatment was not significant (P < .05),
except at pH 6.7, when samples were heated at
65°C for 30 min and at 85°C for 28 s (P < .05)
(Table 2), probably because of changes in the
functional behavior of protein [e.g., solubiliza-
tion, aggregation, and unfolding (5, 29, 34).
These pH effects have also been noted in whey
protein concentrate powders (12), delactosed
high protein milk powders (25), and other high
protein products (32). A foam consists of a gas
bubble phase surrounded by a liquid phase
(11), which results in a large gas-liquid inter-
face. A protein film must be viscous and elas-
tic to create a stable form (4, 20).

All reconstituted retentate powders re-
mained stable when heated at 100°C for 2 h.

2889
CONCLUSIONS

Using UF to concentrate skim milk to 20%
total solids, followed by application of a heat
treatment and control of pH before spray dry-
ing, makes it possible to produce high protein
skim milk retentate powder with specific func-
tional properties. Thus, retentate powders can
be modified to be more beneficial for use in
food products.
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