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ULTRAFILTRATION OF YAK RENNET CHEESE WHEY:
IMPROVEMENT OF PERMEATION RATES
BY PREVENTING FOULING

Neupaney DHANAPATI, Makoto ISHIOROSHI and Kunihiko SAMEJIMA
(Apr. 1997)

ABSTRACT

The partial removal of calcium, phosphorus
and lactose from yak rennet cheese whey prior to
ultrafiltration (UF) significantly increased flux
rate. The fresh yak cheese whey contained 4.8-
5.09% lactose, 0.034% phosphorus and 0.0319 cal-
cium. The calcium, phosphorus and lactose con-
tent in the whey was reduced using low tempera-
ture crystalization (0 to—40°C) followed by sepa-
ration of crystal residues. In comparison with
initial calcium, phosphorus and lactose content,
the level of calcium, phosphorus and lactose was
reduced by freezing by 77.5, 79.4 and 16%, respec-
tively. The flux rate of pretreated whey was
increased by UF, and the time for whey protein
concentration and membrane cleaning was
reduced by about 30%. The protein content in
the dry matter of UF concentrate was 75-79%.
The UF filtrate of yak cheese whey contained 0.
0039% calcium.

Introduction

Whey is a by-product of cheese making
which contains more than half of the non-fat
solids present in the original milk, including about
209% of the protein and most of the lactose and
minerals. Whey proteins, S-lactoglobulin (8-
LG), a-lactalbumin (a-LA) and bovine serum
albumin, as well as immunoglobulins, are compo-
nents of very high value to the dairy and food
industry. The protein efficiency ratio (PER) of
whey proteins (3.2) is very high compared to
standard caseins (2.5), and that PER value

remains constant during normal heating'® and is
also independent of type of whey.

Since 1971, it has been possible to obtain
whey proteins in their native form by the applica-
tion of ultrafiltration (UF), reverse osmosis (RO)
and electrodialysis techniques. UF, RO and mi-
crofiltration (MF) are membrane processes based
on the selective permeability of one or more
components of a liquid mixture through a mem-
brane barrier. The retentate of whey UF con-
tains fat and colloidal minerals in a higher propor-
tion than is present in untreated whey, and perme-
ate consisting of water, soluble minerals, lactose,
non protein nitrogen compounds and water-
soluble vitamins. UF is commonly applied in the
dairy industry to the manufacture of a variety
fresh cheeses such as quarg, ricotta and camem-
bert, or brine cheeses, and offers technological as
well as economical advantages'®!#!*'+'®. UF is
used to standardize fresh milk in order to achieve
the desired ratio of protein and total solids for
cheese making. Currently, the application of
these membrane processes is aimed at enhancing
the manifestation of certain desirable functional
properties in whey proteins, fractionating caseins
and whey proteins, upgrading the quality of low-
quality whey and standardizing milk. Whey, as
a by-product of cheese making, is also processed
by UF, RO and MF for the production of whey
protein concentrate (WPC), whey protein isolate
(WPI) and lactose.

The main problem in processing whey by UF or
RO is mineral fouling of the membrane, princi-
pally by calcium and phosphorus complexes.
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During processing, proteins and calcium phos-
phates play a significant part in membrane fou-
ling, and consequently membrane permeability®”.
Another membrane fouling component of whey is
lipid. Der-Chan and Srinivasan® reported that
the lipid content of whey prior to UF was com-
plexed with chitosan and removed by centrifuga-
tion, which helped to prevent membrane fouling.
Several researchers*>'*!* have studied techniques
for removing calcium from whey by complexing
it with iron, magnesium, zinc and/or aluminium
salts and precipitating the WP at high tempera-
tures. Many studies have been carried out to
investigate the effect of high temperature com-
plexing of calcium and phosphates in various
types of whey, but there appears to be no extant
literature on low temperature complexing of
calcium and phosphate in yak rennet cheese whey.
Therefore, the present work aims at reducing
fouling by calcium and phosphorus complexes in
UF membrane surfaces by altering the pretreat-
ment condition of the whey. pH was maintained
at a constant during calcium and phosphorus
aggregation so as to render precipitation as com-
plete as possible. Lipid content in pretreated
whey was removed by centrifugation.

Materials and Methods

Yak rennet cheese whey was procured from
the Langtang and Chandanbari yak cheese pro-
duction centres in the Rasuwa district of Nepal.
For comparison, gouda cheese whey was also
obtained from the experimental farm of Rakuno
Gakuen University, Hokkaido Japan. The yak
cheese whey was pasteurized at 62°C for 30min
and preserved using 0.049% H,O,. All the whey
was centrifugally clarified at 10,000 xg. A por-
tion of the yak rennet cheese whey was adjusted
at pH4.5 using 0.1N HCI and slowly cooled down
from 0 to —40°C. The frozen whey was then
slowly defrosted and the sediments removed.
This freezing and defrosting process was

repeated three times.

UF procedure
A model UF SM 16525 (Sartorius, West

Germany) was used to prepare the whey protein

concentrate. This unit contained 15 sheets of
cellulose triacetat membrane, each 225cm?* in
surface area. The pore size of the membranes
was selected to cut off somewhere in the range of
10,000kDa. Operation was by batch procedure
utilizing 3L lots. A temperature of 20C and
inlet-outlet pressures of 1.5 bar were used. The
whey was continuously circulated through the
membranes and back to the holding tank until the
permeate was removed to the desired protein
concentration. The time taken to obtain the
desired concentration was 2 and 3 hr for pretreat-
ed and fresh whey, respectively. After comple-
tion the WPC processing by UF, the membranes
were washed by the surface active chemicals and
detergents (Sartorius Co. Germany).

Analytical methods
Ash

Five g samples of yak milk and whey were
placed in silica crucibles and evaporated at 100C
for 2 to 3 hr. The crucibles were then carefully
capped and transferred to a muffle furnace at
650°C for 24 hr. The incinerated samples were
removed from the furnace and cooled in a desic-
cator. Ash content was determined using the
following formula:
9% ash=weight of ash x 100/weight of sample.

Calcium, magnesium, sodium and potassium

Twenty five ml samples of yak milk and
whey were placed in silica crucibles and dried in
a furnace at 650°C for 24hr. The ash was dis-
solved in 3ml! of 3M HCI and made up to 250ml
with deionised water. Aliquots of ash solution
were used for determining the concentration of
Ca, Mg, Na and K by the Murthy and Rhea®
method using an A-6400F atomic absorption
spectrophotometer (Shimadzu Co. Kyoto, Japan).
Stock solutions and working solutions were pre-
pared using standards from Cica Merck (Kanto
Chemicals Co. Japan).

Protein

Casein from yak milk was isolated by
isoelectric precipitation (pH4.6) at 25°C using IN
hydrochloric acid. The proteins remaining in the
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supernatant [whey protein (WP)] were then iso-
lated by adding 12% (w/v) trichloroacetic acid, as
described by Rowland'”. The concentration of
nitrogen in the precipitated casein, WP and trich-
loroacetic acid filtrate was determined by micro
Kjeldahl method. The concentrations of casein
and WP were determined as follows:
Casein=6.38 (TN-NCN); WP =6.38 (NCN-NPN)
where TN is total nitrogen, NCN is nitrogen in
the pH4.6 filtrate, and NPN is nitrogen in the
tricholoroacetic acid filtrate.

Fat

Fat content in yak milk and cheese whey was
determined by the Gerber method using different
type of butyrometers.

Lactose

Lactose content in the yak milk and yak
cheese whey was determined according to the
method described by Leonard et al.®. Twenty
five g samples of yak milk and whey were put
into 500ml volumetric flasks and diluted with
400ml deionised water. Fehling’s solution A
(10ml) and 0.IN NaOH (44ml) were then added
and the volume made up to 500ml. The contents
were thoroughly mixed, allowed to precipitate for
30min., and then filtered. This filtrate was used
to determine lactose content. Twenty five ml of
each Fehling’s A and B solutions were placed in a
400ml beaker and mixed with a 50ml aliquot of
the filtrate. The contents were covered with a
watch glass and heated on an asbestos gauze over
a Bunsen burner which had been previously ad-
justed so that the boiling point of the solution
would be reached in exactly 4min. The contents
were boiled for 2min and filtered immediately
through a tared porcelain filtering crucible. The
precipitated Cu,O was thoroughly washed with
200ml of hot water using a suction flask. After
removing the hot water from the suction flask,
the crucible was further washed with 959 ethanol
(10ml) first, and then with ethyl ether (10ml), later
using suction. The crucible and the precipitate
were then dried for 45min at 100°C, cooled for
20min., and weighed. The weight of lactose cor-
responding to the weight of Cu,0 was read

according to the Munson and Walker table®.

Chloride and salt

The salt content of the yak milk and yak
cheese whey was determined according to the
method described by Robert'. Nine g sample of
vak milk and whey were taken, diluted with an
equal amount of deionised water, and the chloride
content determined. After adding 1ml potassium
chromate indicator, the contents were titrated
with 0.IN AgNO; till the end point (pale red-
brown colour) was reached. Salt and chloride
contents were calculated using the following for-
mula:
9% Chloride=(ml AgNO, xN AgNO, x0.0355
x100)/weight of sample.

Phosphorus

Phosphorus was determined according to the
method described by Dieter et al.®. Standard
phosphate solution was prepared by dissolving 0.
3510g of pure dry monopotassium phosphate in
water, adding 10ml of 10N H,SO,, and diluting to
1 liter. This solution contained 80ugm phospho-
rus per milliliter. Working standards were made
from suitable dilutions of the standard solution.
An appropriate amount of sample was digested
with 1ml of 7.2N H,SO, using a micro Kjeldahl
flask on a micro Kjeldahl digestion rack until the
colour changed, becoming colourless. After that,
the flask was cooled and the contents transfered
to a test tube to which 4.5ml of molybdate solu-
tion (0.25% w/v in water) and 0.5bml of ANS
solution (Img/ml in water) were added. The
contents of the test tube were then heated in a hot
water bath for 10min and cooled down to room
temperature. The contents were poured into a
lcm cell and the absorbance read at 830nm using
a Ubesto-50 spectrophotometer (Tokyo, Japan).

Results

Whey is the product obtained by using acids,
or rennet and/or chemico-physical processes dur-
ing cheese and casein production. Yak cheese
whey is the milk serum obtained by the separa-
tion of casein in cheese making, predominantly by
rennet, and contains less than 0.59 fat. The
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composition of the milk and minerals contained in
vak rennet cheese whey may vary, depending on
the pasture in the Himalaya highlands from
which it came and the breed of yak. Table 1
shows the minerals contained in yak milk, whey
and UF filtrate. The calcium and phosphorus in
yvak cheese whey was significantly decreased with
low temperature treatment before ultrafiltration.
On the other hand, the magnesium, sodium, potas-
sium and chloride content of milk, whey and UF
filtrate were marginally changed in cheese mak-
ing and UF processing.

Table 2 shows the gross composition of yak
milk, vak cheese whey and WPC. Protein con-
tent in hot air dried WPC prepared by UF was
found to be 75-79%. Generally the WPC prepar-
ed from fresh rennet cheese whey contained more
than 4.19% ash. The ash content of WPC
produced from pretreated whey was 3.9%. This
low amount of ash in WPC may have been be
caused by the minimization of the principal min-
erals of the whey e. g. calcium and phosphorus

prior to ultrafiltration.

Table 1 Mineral content of yak rennet cheese whey
before and after ultrafiltration in compari-
son with yvak milk.

L”]Mt,l‘b e vak milk* vak cheese whey? whey after . Ul filtrate”
Yo pretreatment
Calcium 1y Sl h 3
Magnesium 12 9 4 N
Sodium 6 5 39 3
Phosphorus 116 34 T 3
Potassium 150 148 18 R
Chloride 9 95 a4 93

*Expressed results are average of five experiments.

Table 2 Gross composition of yak milk, vak cheese
whey and yak whey protein concentrate.

Yak wheyv protein
concentrate*(DM)

Contents(%)  Yak milk* Yak cheese whey™

Water 80.6 93.3 56
Fat =10 0.06 4.5-5.9
Lactose 4.8—5.0 4.9 6.0
Total protein 3.9 1.25 D79
fB-lactoglobulin -~ 0.8 0.8 -
«-lactalbumin 0.3 0.3
Total solids 19.4 6.7 94
Ash 0.9 0.5 3.9

DAL In dry matter.  *Expressed results are average or range of

five experiments.

Peri and Setti'® reported that applied pres-
sure and flow velosity in UF did not affect reten-
tion of whey proteins. We applied constant pres-
sure (1.5bar) and temperature (20C) in each UF
experiment. The fresh yak cheese whey
contained 1.259% total protein. Protein content
in the UF concentrate was gradually increased
with volume reduction (Fig. 1A). The maximum
concentration of protein in the UF concentrate
was 149% at the time of final volume reduction
(30). Volume reduction is the ratio of the initial
volume of the whey divided by the sum of the
difference in that initial volume and the UF fil-
trate.

Variation in ash content in the UF concen-
trate is shown at different volume reduction times
in Fig. 1B. Ash content in the fresh yak cheese
whey was 0.5%. Large amounts of calcium and
phosphorus were removed from the fresh yak
rennet cheese whey by freezing (Table 1). The
ash content in the UF concentrate was in-
significantly increased at different volume reduc-
tion times. The amount of ash in the UF concen-
trate was 0.439 at the time of the last volume
reduction (30).

Increase in total solids (TS) content in the UF
concentrate at different volume reductions is
shown in Fig. 1C.  The TS of the UF concentrate
sharply increased with the removal of water.
The principal solid component of the UF concen-
trate was WP. The final concentration of the
UF concentrate was 20.2%.

The main solid component in acid and rennet
cheese whey is lactose. The yak rennet cheese
whey contained 4.8-5% lactose. Some of the
lactose had crystalized during the process of low
temperature treatment, and was separated
together with the calcium-phosphate complex.
Lactose acts as a membrane fouling component,
along with calcium, phosphorus and lipids'?.
Ultrafiltration permeate mainly contains lactose
and minerals. The lactose content at different
UF aliquot concentrates and at various levels of
volume reduction is shown in Fig. 1D.  The result
shows that the lactose content in the UF concen-
trate reached a maximum (4.37%) at the time of

final volume reduction (30). This result indicates
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Fig. 1 Proportion of protein (1A), ash (1B), total solids (1C), and lactose (1D) in UF concentrate

at different degrees of volume reduction.

that lactose concentration in the UF concentrate
was marginally changed at different volume
reductions.

UF flux in fresh gouda cheese, yak cheese
and pretreated yak cheese whey is shown in Fig.
2. The flux rate of fresh yak rennet cheese whey
and that of lactose, calcium and phosphorus level
reduced whey was significantly varied. A lower
flow rate was observed in the fresh whey in
comparison with pretreated whey. The time
taken to concentrate the fresh yak rennet cheese
whey by UF and to achieve 20.19§ TS was 3h.
However, in the case of the pretreated whey

under identical conditions, only 2h was required
to produce the same concentration of TS. We
believe that the fresh whey contained more
lactose, calcium and phosphorus, which may have
caused a fouling of the membrane surface leading
to a longer time needed for concentration of the
WP. When the lactose, calcium and phosphorus
levels in the whey were reduced, the concentra-
tion time and cleaning time for the membrane
were reduced by 309%. The results show that
membrane fouling by calcium and phosphorus
complex is more compact and stronger, making it
take longer to wash from the surface of the
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Fig. 2 Change in UF flux rate in relation to membrane fouling time.
(@) flux rate of fresh gouda cheese whey; (A) flux rate of
fresh yak rennet cheese whey and (M) flux rate of pretreated

yak rennet cheese whey.

membrane. The WP concentration time for
fresh gouda cheese whey was lower than that for
fresh vak cheese whey, but was higher than for

pretreated whey (Fig. 2).
Discussion

A recent estimate of world whey production
indicates an amount of approximately 100million
tonnes containing about 7,00 000tonnes of whey
protein'®.  Whey is processed by a number of
manufacturing procedures resulting in a wide
range of products, differing mainly in form and
composition. Fundamental studies into the
physico-chemical properties of individual major
whey proteins have indicated that whey products
with a high protein content are highly functional
and suited to a range of applications requiring
solubility, water binding, gelation or surface
activity, such as in emulsion and foams. We
carried out a comparative study into flux and WP
concentration times in UF using fresh gouda
cheese, yak rennet cheese and pretreated yak
rennet cheese whey. The results showed that
pretreated whey, where the content of lactose,
calcium and phosphorus had been reduced, in-
creased the flux rate and showed a shorter time

for WP concentration and membrane washing.

Reduction of such minerals is more important for
certain human food requirements such as infant,
baby foods and low sodium foods. Low pressure
(1.5 bar) applied to the concentration of whey
proteins showed a longer time taken to complete
the concentration process. Application of low
pressure also reduces the incidence of membrane
fouling. Georges et al¥ reported that higher
pressure on membrane surfaces developed rapid
fouling of the membrane. Our previous study on
the structure of B8-LG and @-LA' showed that
the a-helices of these whey proteins were more
affected by strong agitation, and it is believed
that the application of low pressure helps to
maintain the intact structure of whey proteins in
the UF processing of whey. Slow and deep freez-
ing of whey, not only formed a complex of cal-
cium and phosphorus, but also formed fine white
precipitate and aggrigates of lipoproteins which
are easy to remove by either centrifugation or
microfiltration. Our results for total solids at
the time of 959% water being removed were higher
than those reported by McDonough et al.®. This
discrepancy might be due to the pretreatment of
the whey which helped reduce the level of mem-
brane fouling materials and increase the amount
of total solids mainly by whey proteins. There-
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fore, it is expected that the findings of this study
may prove useful for the concentration of WP by
UF, so that they may remain highly functional
while maintaining a low concentration of calcium
and phosphorus.

Conclusion

The results of this study show that the slow
and deep freezing of yak rennet cheese whey
formed a calcium and phosphorus complex which
was easily removed by centrifugation and/or MF.
The best results were obtained when the pH of
the whey was adjusted 4.5 and centrifugation was
performed before ultrafiltration.This pretreated
whey increased the UF flux rate by 309. Dry
WPC produced by this method contained up to
79% whey protein.
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