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* Fouling in dairy is defined as the collection of thermally insulating materials or
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ripened cheeses.
Fig. 1. Flowchart of a typical five-step cleaning-in-
place (CIP) process employed in dairy. Adapted from 35
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impact of diverse factors including fouling development times, Varying Protein: Fat Fouling development time (hours) m Coupons cleaned with hot water at 50°C = Coupons cleaned with cold water at 19-22°C
ratio of milk, and the efficacy of new enzyme-based sanitising agents on fouling =091 =083 BO.72 e e owarer Al B  moouponscemar wilh otweleraL B @ v B RaOH
Fig. 5. % Residual fouling remaining after CIP with hot water (75°C x 30 Fig. 7. Effect of cleaning for 30 minutes with different enzymes and
removal. min). Each colour represents a different Protien:Fat ratio temperatures (19-22°C, 50 °C, 75 °C) on residual fouling
_ _ _ « Cleaning with hot water at 75°C (individually) and with 1 % NaOH
. Cleanm_g with hot water or_lly (exclucyng NaOH) shows that the role_of yielded results similar to those obtained previously.
NaOH in removal of persistent fouling (that cannot be removed with
Just hot water only) as the maX|mur(? amount OOf fouling remaining » Protease at 50°C individually had the highest fouling removal which is in
across all the cleaning cycles was 7.38 % t0 15.95 %. agreement from the previous results as protein was the major component in
MATERIALS AND METHODS - I - fouling persistence
« Thus, characterisation of the residual fouling would provide insights
_ _ _ _ Into the development of more sustainable replacements for caustic « While lipase individually showed the least ability to completely remove
Materials: Milk was obtained from a dairy farm (Teagasc, Moorepark, Fermoy, cleaners. fouling, a combination of protease and lipase was less efficient than
County Cork, Ireland); Caustic detergent was obtained from Biocel Ltd.; Stainless orotease.

steel (SS) 304 coupons (2 cm x 6.5 cm x 0.9 cm) (Fig. 2) and lab-scale CIP cleaning
rig (Fig. 3) fabricated through both a local equipment manufacturer and Moorepark
Technology Ltd (MTL); Enzymes Protease (Memzyme) and Lipase (Memlip) were A B
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Fig. 2. Artificial fouling of stainless steel (SS) coupons on hot plate ——% Residual fat
® Coupons cleaned with hot water at 50°C ® Coupons cleaned with cold water at 19-22°C

Methodology:
Fig. 6. Effect of Protein:Fat ratio of milk on (A) milk components; (B)

* An artificial method of fouling stainless steel (SS) coupons was developed using minerals in residual fouling after cleaning with hot water (75°C x 30 min) Fig. 8. Effect of cleaning for 30 minutes with different enzymes and

temperatures (19-22°C and 50 °C) on retention of protein in residual fouling

hot plate to emulate plate heat exchanger (Fig. 2
P P ger (Fig. 2)  Elevating the Protein: Fat ratio led to increased residual fouling, with a

« 3 different fouling development times assessed with 3 levels of Protein:Fat ratio significant effect on total residual fouling, as well as protein and fat * Protease at 50°C individually showed the highest protein removal
.. retention after cleaning. which was expected as protease breakdowns proteins and enhances
in milk (0.91, 0.83, 0.72) their removal.

 Cleaning protocols similar to those used in the cheese industry were used in the  This suggests a central role for proteins in the persistence of fouling after
. cleaning. « A combination of protease and lipase was more efficient in protein
rig (Fig. 3) _ >

removal than lipase alone but less efficient than protease.
* Residual fouling was determined in terms of in terms of Dry weight and protein, * Increased Protein: Fat ratio demonstrated a direct correlation with the

Increased retention of essential minerals, such as Calcium (Ca) and
Phosphate (P), following the cleaning process

fat and mineral content
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CONCLUSIONS

« Protein:Fat ratio in milk determines the amount of protein and fat < Further research on enzymatic cleaning should focus on investigation
present in residual fouling after cleaning and higher protein content  of cleaning protocols involving various enzymes individually and in
results in significantly increased persistent level of fouling with high  combination with other mild cleaning agents to completely remove

levels of Ca and P minerals in the residual fouling. fouling.
« A commercial protease can efficiently clean fouling (0.74 % residual < The potential for removal of fouling by cheese curd, whey or in
‘ Fouled coupon suspended fouling) at lower temperatures (50°C) and show a comparable efficacy =~ combination by enzymes should be appraised.
in removable section of rig to a cleaning agent like NaOH at 75°C (0.10 - 0.20 % residual fouling). « Any potential effects of residual enzyme carry over and activity in
* The rig can be used to study different model systems for fouling and  dairy products should be quantified and eliminated.
Fig. 3. CIP test rig comprising a tank for cleaning liquids, a pump, and a removable test cleaning and create tailored cleaning procedures for practical use.
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