
Bacteriological Aspects of Microfiltration of Cheese Whey 1~ 

ABSTRACT 

Microfiltration of cheese whey using 
1.2-/lm pore size membranes reduced 
bacterial counts by one to three times. 
Increased fat concentration in the feed 
stream governed the decrease in bacterial 
counts. Fat was trapped onto the mem- 
brane proportionally to its amount  in the 
feed stream, and thus, formed a barrier to 
microorganism penetration into the per- 
meate. 

INTRODUCTION 

Microfiltration is a pressure driven mem- 
brane process, like ultrafiltration and reverse 
osmosis, for separating or concentrating par- 
ticulate streams of colloidals in the submicron 
range (7). Microfiltration operates like ultra- 
filtration and is susceptible to fouling and 
concentration polarization, although to a lesser 
extent, because of the particulate nature of 
most feed streams applied (4, 5, 7, 8). At 
present, microfilters are commercially available 
from several manufacturers in different con- 
figurations. Some of the more suitable con- 
figurations for microfiltration are pleated 
tangential crossflow capsules and cartridges and 
hollow tubes. These achieve high crossflow 
velocities on the membrane surface to facilitate 
scraping the membrane surface in order to 
avoid formation of a concentration polarization 
layer or a dynamically formed membrane. Flat 
sheet membranes of the appropriate pore size 
also could be used in any existing plate-and- 
frame or flat-sheet tangential flow membrane 
units with the limits of the laminar flow of 
these units. The cost of commercial units varies 
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by company and materials of construction 
(stainless steel for the food industry or plastics 
for other uses). Membrane lifetime is according 
to the manufacturers'  claims and is dependent, 
as in any other membrane process, on the 
nature of the feed stream and the cleaning and 
handling practice. 

A typical process train for production of 
whey protein concentrates (WPC) was described 
by Goldsmith (2). This process includes fat and 
casein removal followed by high temperature, 
short time heat treatment (HTST) for reduction 
of the bacterial population. 

Microfiltration with tangential flow modules 
was introduced for several biotechnical proc- 
esses, such as bacterial harvesting (8), tissue 
homogenate filtration, and whey prefiltration 
(3, 7), and for cheese brine clarification (4). It 
was demonstrated that bacteria and yeasts and 
molds are retained by microporous membranes 
in the .2 to 1.2-/lm pore size (4). The reduction 
in bacterial counts in cheese whey was the end 
result of bacteria rejection by a microporous 
membrane in an ultrafiltered enriched permeate 
(3). Recently, a preliminary study indicated 
that bacterial counts of cheese whey were 
reduced by one to three times using micro- 
filtration (5). 

Removal of fat from cheese whey prior to 
concentration and production of WPC is 
necessary to obtain a high quality product with 
long shelf-life (1, 2, 3). 

In our work the bacterial quality of micro- 
filtered acid and sweet cheese whey was studied 
with emphasis on the role of fat in retaining 
bacteria in microfiltered feed streams. 

MATERIALS AND METHODS 

Acid and sweet cheese wheys before and 
after fat separation were obtained from a local 
dairy. The chemical composition of these 
wheys was determined as described previously 
(3, 4). Bacterial count was performed as stan- 
dard plate count (6). Fat content of the whey 
and in the membranes was determined by the 
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Figure 1. Bacterial reduction in acid and sweet 
cheese whey by rnicrofiltration. 

Roese -Got t l i eb  m e t h o d  (6). The  m e m b r a n e  was 
r emoved  f rom the  f i l t r a t ion  appara tus ,  r insed 
t h o r o u g h l y  wi th  de ion ized  water ,  and  placed in 
the  Roese -Got t l i eb  b o t t l e  and  analyzed.  A clean 
m e m b r a n e  was ana lyzed  as a b lank .  Fa t  c o n t e n t  
was ca lcula ted  as grams of fa t  per  effect ive 
f i l ter ing area. Mic roporous  m e m b r a n e s  wi th  
pore  sizes of  .8, 1.2, and  3.0/~m were o b t a i n e d  
f r o m  GSI (Ge lman  Sciences,  A n n  Arbor ,  MI). 
Microf i l t r a t ion  was p e r f o r m e d  using A m i c o n  

T CF  2A u l t r a f i l t r a t ion  cell ( A m i c o n  Inc.,  
Lex ing ton ,  MA),  opera t ing  at  150 kPa, wi th  .7 
m/s  crossf low p u m p i n g  rate.  

RESULTS A N D  D ISCUSSION 

The  r educ t i on  in bac ter ia l  c o u n t  of  micro-  
f i l tered cheese whey ,  using d i f f e ren t  pore  size 
m e m b r a n e s ,  is s h o w n  in Figure  1 for  b o t h  acid 
and sweet  cheese whey.  Bacterial  r e d u c t i o n  of  
sweet  whey  was grea ter  t h a n  t h a t  of  acid w h e y  
wi th  every m e m b r a n e .  Pe rmea te  f r o m  micro-  
f i l tered sweet  whey  (1.2-/~m m e m b r a n e )  coun t -  
ed 1200 c fu /ml  c o m p a r e d  wi th  8700  c f u / m l  in 
hea t  t r ea ted  sweet  whey  (65 ° C for  20 rain).  
A l t h o u g h  the  .8-#m m e m b r a n e  gave the  bes t  
bacter ia l  re jec t ion  ( 4 x ) ,  it was no t  used for  
f u r t he r  e x p e r i m e n t s  due  to increased p ro t e in  
re jec t ion  (3). 

Acid and sweet  w h e y  di f fer  in the i r  chemica l  
compos i t i on ,  such as fat  c o n t e n t  and  bac- 
ter iological  popu la t i on ,  due  to the i r  d i f fe ren t  
s tar ter  cu l tures  and  pH. Pre l iminary  experi-  
m e n t s  ind ica ted  fa t  c o n t e n t  was t he  crucial  
p a r a m e t e r  for  r e d u c t i o n  of  bac ter ia l  coun t s  by  
mic ro f i l t r a t i on  (3);  fa t  c o n t e n t  was the  variable  
s tud ied  in this  work .  Three  types  of  microf i l -  
tered cheese w h e y  were compared .  Resul ts  are 
p resen ted  in Table  1. Fa t  c o n t e n t  of  whey  
appears  to  c o n t r i b u t e  m o s t  to  r educed  bacter ia l  
counts .  The  chemica l  c o m p o s i t i o n  of  the  
mic ro f i l t e red  s t ream,  excep t  fa t ,  is no t  a l te red  
by  the  f i l t r a t ion  p rocedure ,  and  the  m i n o r  

TABLE 1. Chemical composition ~ and bacterial counts 1 of whey before and after microfiltration 2 . 

Dry Bacterial 
Fat Protein 3 matter Ash count 

(%) (cfu/ml) 

Acid whey 
Before filtration 0 .73 5.33 .42 2.8 X 106 
After filtration 0 .72 5.36 .42 2.7 × 10 s 

Separated sweet whey 
Before filtration .09 .70 4.92 .50 3.4 × 106 
After filtration .01 .67 4.93 .50 5.7 X 104 

Nonseparated sweet whey 
Before filtration .34 .79 5.64 .50 5.5 X 104 
After filtration .01 .72 5.76 .53 3.0 X 10 ~ 

Results are means of triplicates. 
2 Microfiltration was performed using a 1.2-,m pore size membranes. 
3N X 6.38. 
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TABLE 2. Accumulation of fat on the membrane after whey filtration and reduction of bacteria in the permeate 
stream. 

Fat Fat Reduction 
Membrane Feed in on of 
pore size stream pH feed membrane ~ bacteria 

(~m)  (%) ( g / m  s ) ( O O M )  2 

1.2 Acid whey 4.5 .0 .0 1 
1.2 Sweet whey 3 6.2 .09 6.37 2 
1.2 Sweet whey 4 6.2 .34 11.07 3 

After filtration of 70 ml of whey. 
2 Orders of magnitude. 
3 Separated whey. 
4 Nonseparated whey. 

decrease  in p ro t e in  c o n t e n t  is due  to removal  of  
casein f ines  by  the  m e m b r a n e  f i l ter  as pre- 
viously descr ibed  (3). To a c c o u n t  for  fa t  losses, 
m e m b r a n e s  were ana lyzed  at t he  end of  the  
expe r imen t .  The  presence  of  a " f o u l i n g "  fa t  
layer,  wh ich  a c c u m u l a t e d  on  the  m e m b r a n e  
surface  and  in the  m e m b r a n e s  pores,  could  
expla in  some of  the  bac te r ia  re jec t ion .  Fa t  was 
t r a p p e d  on the  m e m b r a n e ;  q u a n t i t y  was pro- 
po r t iona l  to  the  fa t  c o n t e n t  in the  feed s t ream 
(Table  2). The  fa t  layer  f o r m e d  on the  mem-  
b rane  is the  ma in  bar r ie r  to  p e n e t r a t i o n  by  
microorgan isms ,  and  the  h igher  the  fa t  c o n t e n t ,  
t he  b e t t e r  t he  re jec t ion  of bac te r ia  by  the  mem-  
brane .  

CONCLUSIONS 

The  qua l i ty  o f  WPC is a f u n c t i o n  of  the  
w h e y  used for  its p r oduc t i on .  Because mos t  of  
the  WPC p o w d e r  p r o d u c e d  in t he  wor ld  is f r om 
sweet  whey ,  it is suggested t h a t  sweet  cheese 
w h e y  could  be  t r ea t ed  b y  m i c r o f i h r a t i o n  to 
r emove  fa t  and  reduce  bacter ia l  popu la t i on ,  
thus  e l imina t ing  the  need  for  fa t  s epa ra t ion  and  
hea t  t r e a t m e n t  of  w h e y  pr ior  to  c o n c e n t r a t i o n .  
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