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     APPLICATION NOTE:
       A Filter Selection Procedure for Milk and Beer Haze Applications
By Joe Johnson and Michael Johnson
Date: Aug 8, 2011

Purpose
The objective of the study was to determine what syringe filters would: 1) filter out fat globules in milk and particles in beer, both >0.5 um in size, and 2) provide enough resultant volume (~6 ml) for further spectral analysis.  
Introduction 
Preliminary studies indicated that large (>0.5 um) particulates for new beer and milk applications needed to be removed to measure the color transmittance of clear solutions.  In a new procedure, milk reacted with reagents, causing the protein to be free, but leaving large fat globules (listed from 0.1 to 15 um in diameter before homogenization for typical bovine milk1) intact.  The globules were estimated to be 0.5- 2 um in size after homogenization (Picture 1).  The milk in the developmental test, like typical milk, is opaque and cannot transmit light through it.  With that in mind, fat globules removal was needed.  After trial and error using various syringe filters, it was determined that a ~0.45 um, hydrophilic filter of at least 25 mm diameter was required.  Similarly, filtration of 0.5+ particulates (probably composed of protein and/or yeast) was needed, but with a greater volume (80 ml as opposed to 6.0 ml for the milk).  
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Picture 1: Milk Fat Globules Electron Microscope Picture (ref. 1)
The issue was to determine what filter(s) would do an sufficient job, since filtration specifications are nebulous.  Manufacture claims are determined by many tests (e.g., the bubble point test2-3, the pressure hold test4-5, the forward flow test6-7, and the diffusion test8). The tests yield a variety of results, since different entities are measured for each.  Additionally, the test may focus on an “average” pore size, but lack information on pore size distribution and pore amount- both key to the volume of a dispersion that can be filtered before clogging.  Another factor is the material that the media (filter) material is made of.  Many filtration media are available (e.g., nylon, PTFE (Teflon), PVDF, glass microfiber, regenerated cellulose, PES, polypropylene, and cellulose acetate).  The media vary from each other in hydrophobicity and surface charge.  Both are important since the dispersion may interact (i.e., repel or adsorb) with the filter, causing liquid to either not go into the filter or to strongly adhere.  Hydrophilic media includes Nylon and PES, although PES is charged.  With these concepts in mind, different syringe filter types were tested to determine the optimal one to filter out large particulates and yield a required volume.
Diagram 1 is a schematic showing some main points of a filtration process.  The dispersion “FEED”, composed of a liquid and particulates, is forced through a filter.  The filter is composed of a polymeric or glass media with open pores.  The FEED material that is roughly the same size or larger than the pores is caught, while the liquid and smaller particles pass through.  The larger material builds up on the filter and in turn limits the size of particles passing through.  The process continues until the flow of the FEED stops due to pore clogging.
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Diagram 1: Filtration schematic
 Large particulates are caught on or in the pores of the filter matrix, while the filtrate having a smaller sized particles or liquid passes through.  Eventually the large particulates clog the pores and stack on top of each other, eventually stopping the feed flow.  (Note: base picture from Wikipedia)
Materials
Materials used:
* Milk- (Whole Milk; ~4% fat), Hood Dairy, Portland, ME
* Allagash White (Belgian Style Wheat Beer), Allagash Brewing Co.,
   Portland, ME
* Filters (listed in Table 1; Vendor and type are coded)
* Syringe, EXELINT® type, Disposable 10 ml plastic with Luer Lock fitting from 
   EXELINT Co., Los Angeles, CA
* Pyrex® beakers and assorted glassware

Methods
The milk samples were prepared in a proprietary manner, but were similar to diluted milk.  Six ml of a milk sample was placed into a syringe having a push valve in place.  Typically ~1 ml of air was also left in the syringe.  A syringe filter was placed on the Luer Lock end of the syringe, and fastened by turning clockwise for a secure fit.  The dispersion was pushed through the filter by manually applying force to the “T” of the push valve.  Pushing was stopped when the force became too high to manually push, due to a clogged filter or when all of the 6 ml volume went through.  The volume of filtrate and its clarity were noted.  New syringes and filters were used for each sample; three filters of the same variety were used.  Beer filtration was done in a similar manner, except that 80 ml was the filtering volume. 
 Data
The data below shows the filter characteristics from the vendor and the results (passing through volume and visual clarity of said filtrate) for the milk samples.  The passing volume is an average of 3 measurements, since the volume for each filter type was +/-0.1 ml.  The volume and clarity are highlighted in Green (Acceptable) or a Red (Unacceptable).
TABLE 1: Data from Milk Sample Study
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In the beer study, 80 ml of beer was filtered through both the SS and the N1 0.45 um filters.  It took two filters of either brand to filter the 80 ml.
Discussion 
Table 1 shows that 3 of 10 syringe filters, rated at 0.45 um, met the passing volume and clarity criteria.  One filter, that was 1.0 um, failed the clarity criteria.  The N1 0.45 filter was twice as thick as the SS and the SP filters.  The least force was applied to the SS filter, so it was deemed the best for the milk application, but the other two filters were acceptable.
Eighty ml of the hazy beer could be filtered with either the SS filter or the N1 filters.  However, two filters were needed to filter that volume and still obtain a “clear” beer.  Wheat beer (such as the one tested) and beer with “chill haze” have >0.5 um particulates.  This study was needed since a test to characterize haze in beer is also being developed.
  Conclusions
* All filter types are not alike, even if the same specifications are listed.
* Testing various syringe filters types yielded differing results.
* Three of eleven filters passed the volume and clarity criteria;
   the passing filter types are: SS, N1, and SP.
* The SS 0.45 Nylon filter was deemed the best filter of those tested, due
   to low pressure needed to expel the dispersion, relative to other filter types.
* Syringe filters with set criteria may be used in milk and beer applications to
   remove particulates >0.5 um.
* It is recommended that one directly tests different filter types on the actual
   system, rather than relying on vendor claims. 
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VendorFilter 

Brand

Pore Size 

(um)

Diameter 

(mm)

Media Material Passing 

Volume (ml)

ClarityAcceptable

T1 N1 0.45 25 Nylon- prefilter 6.0 Yes Yes

N SS 0.45 30 Nylon- 1 um pre 6.0 Yes Yes

N SP 0.45 30 Nylon 6.0 Yes Yes

N N2 1.0 25 Nylon 6.0 NO NO

T2 P1 0.45 25 Nylon 6.0 NO NO

T2 P2 0.45 13 Nylon 6.0 NO NO

N1 T 0.45 30 Nylon 3.2 Yes NO

G W 0.45 30 Nylon 3.0 Yes NO

G W 0.45 30 Nylon 3.0 Yes NO

E SF 0.45 25 PVDF 0.8 Yes NO

M M 0.45 25 Nylon 0.7 Yes NO
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