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The objectives of the study are to evaluate

the effect of

(i) Water activity (0.33, 0.43, 0.57, and 0.76)

(ii) conditioning time (0, 1, 4, and 7 days)

(iii) wall shear stress (4.17, 5.75, 7.32, 8.4,

and 9.48 Pa)

on removal efficiency of nonfat dry milk

residue from stainless steel surface using air

impingement.

Nonfat dry milk (Nestle USA, Arlington, 

VA) 

• USDA Agriculture and Food Research Initiative Grant # 2019-

68015-29232

• Cleaning process is a complex mechanism

involving multiple variables.

• The main and interaction effects of water activity,

conditioning time, and wall shear stress were

significant.

• The time for removal varied from 1 second to 4

minutes under experimental conditions. Low wall

shear stress couldn’t remove the residues with

long conditioning time.

• The time needed for removal increased with an

increase in water activity and conditioning time.

• 0.33 aw samples were removed within 1 s

irrespective of conditioning time or wall shear

stress.

• A change in texture (caking) was observed for

NFDM samples equilibrated to 0.57 and 0.76 aw

and these samples needed longer time or higher

wall shear stress.

• A wall shear stress of 9.48 Pa is sufficient to

remove high aw samples

• Recent foodborne outbreaks and recalls

associated with low moisture foods have

changed the perception that these foods

were microbiologically safe.

• Sanitation is an important process in the

food industry for ensuring the production of

safe and quality foods.

• Cleaning is a part of sanitation cycle,

where any visible residues are removed

before sanitizing step.

• It is often desirable to keep the processing

environment dry in low moisture foods

manufacturing facilities, since the

introduction of moisture might result in a

microbial cross-contamination.

• As a widely used technology involving heat

transfer1, air impingement has the potential

as a cleaning method without use of water.

AISI 304 stainless steel coupon 32

micro inch surface finish (Machine

shop, OSU, Columbus, OH)

(1) NFDM samples of 0.40 mm thickness

preparation using 3D print template2

(2) The samples were conditioned for target

water activity and time in desiccators

(3) The samples were weighed before air

impingement using analytical balance 0.10 mg

sensitivity (Sartorius model BCE224I-1S,

Bohemia, NY)

(4) Air impingement with different wall shear

stress3 until 99% of the sample gets removed or

5 minutes of air impingement, whichever is

earlier. All experiments were conducted at a

nozzle-to-plate distance of 32 mm

(5) The samples were weighed after air

impingement using analytical balance 0.10 mg

sensitivity (Sartorius model BCE224I-1S,

Bohemia, NY)

(6) Removal efficiency (%) = 
𝑆𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 ∗100

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

(7) Statistical analysis of time needed for 99%

removal efficiency at α = 0.05 using JMP Pro

version 15.2 (Cary, NC).

(8) All the variables were treated as continuous

for statistical analysis. The response variable is

time needed for 99% removal.
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FUTURE WORK
• Further studies will be conducted to validate the

removal efficiency using more sensitive methods

like x-ray photoelectron spectroscopy (XPS)

• Air impingement technology has the potential to be

used as a dry cleaning method in low moisture

foods manufacturing facilities.

RESULTS

Table 1. ANOVA test results for main and interaction effects 


