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12. Ultra sound

13. Classic

14. Denaturation
15. Destabilization
16. Heat exchanger

176

adie -1

S Slandss Gl el ) oS sl e el
oS ol Sl a g p ke O W5 bl o s
o 5 gl ol sl i 3550 kS s esdhe Ll
) S i O SIS e 5 | oS e
slais o Ly ze s 4 Ols e 2He 3lse
s 33Uy sy s 3 pad sl il s
i 3P i esle LIS s 55 Lame 5 LaolSins
e el 0y K o o gimn Lt (ol gla i
Sy el 5 5y sl sl dis s 51 0T (slaes sl b s
ol Slaesssl by on o pemala Gl S5 Sl e
S g atd Bl (e oY peams 4 015 e iy
4S G 55 OLSl ol ;505 (g 31 5 5500 (ghodiws
B N B ) oo
G s 03 ans (Gt s 13,8 (S ypands
3 e 1SS Slmes sl b Gy plsl 4 DY pane
sl Sl ples 3550 3 il el 0T alie O pames
35S 5 il S ke 5 Slronsslp s
o3la Ly wlad 53 sk OF 51 ey Lo Ssieds
Ty Yol b glast 5 g Sl esbizad s 4ol ol
ol Ay e s il 5 PSS K
S3lme xSy Sl i b Bl o g Y pa s
S s (S g 4 Joe 3 o s Sl
el ol Il 53 s

ol sl & Sl (S (Gl Slles b
edlea b oo ol (G5lue Sk Dlles L1 5 L e
S Sbe ans s gl sl eslinal Wil plag sl e
O el 45 Tl Sl ol (S8 S Uy OIS
Ll M olS 5 1 edle tipd = be Sos
3 e A dadd s)lse (03 5 o et
Slles Glaasly oS o3l Jolse o tage 51 A

Good Manufacturing Practice(GMP)
Good Hygienic Practice(GHP)
Food Handling

Fractionated Product

Protein Based

Fat Based

Hermetic

Automation

Mechanisation

10. Cleaning Out Place(COP)
11. Cleaning in Place(CIP)

©CXONOA~WNPE


http://dx.doi.org/10.52547/fsct.17.102.175
https://fsct.modares.ac.ir/article-7-36722-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-19 ]

[ DOI: 10.52547/fsct.17.102.175 ]

COoD (g Oz/litrel

1399 )‘)JA 417 092 4102 e)w

DOI 10.29252/fsct.17.05.15

sl mbe 5 el

sl (5 98 gani=3

lef J.J...o-l-3
Losldyd ol daw 5o i Sl Sldes O Kiasy
g,&j_ml_m_.;b315 ouns\ﬁgu«?ﬁ% by
ssbe S Jsn Lol el cele » 232300 oL >
70 slos 10 5/7T Ko asls U i o O sl 52l
232700 oL > ce e 5 45650 TRVIPPIN L g+ WIPES
W28 L oas adis oy O Ol sy sl 5 sl
5490 s LS Sl a5 70 sles 5l S asle
Sldes .65 505 eslizal cele 231600 0L > cs e
A&f}Jﬁde)@ng)H&jua}:sli oo
45Ju>)m\)§dzu 4,310 Sl 5 2B (g sd o
by e s i35 20 s 5l5 sal> 0 0l oods
Q:}:)'J)\flw J.Mc\:.ejfjlm);u.:.nlow:y_)w\

doas e QLS s o5l 3l e 1) e 5 ST OlS 5

[2]
10 2.0
= COD
====+ Calcium 8
8 :
H 1.5
]
L -
N ;
¢ 1.0 3
i Yo
41 i K]
Y 5
i
P 05
2] 1
i
: L}
-
[ |
[1] u T r + 0.0
0 10 20 30 40 50 60
time (min)
alkaling acid

Fig 1 Milk deposit removal in the heat exchanger
after operating for 20 h at 90 °C. Cleaning
temperature: 70 °C, cleaning solutions: NaOH (1%)
and HNO; (1%).
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1. Flow rate
2. Monitoring
3. Real-time
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steel
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nilk deposit layer: a spongy protein matrix with which
minerals () are associated and in which fat globules
(o) are embedded

alkaline cleaning solution

alkaline cleaning solution

remaining deposit is removed due to mechanical forces
exerted by the cleaning solution. Some calecium phosphate
may remain
Fig 2 Schematic representation of the milk deposit
removal during alkaline cleaning
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1. Electrostatic Repulsion
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2. Whey Proteins
3. Brushite
4. Di-Calcium Phosphate Dihydrate (DCPD: CaHP04.2H20)

179

Sk S a3 1 sl 4 s oS s Ll b ales
ol o5 il (63555 o3le 3 Larlis 5 gate 4y oS S
ots Llis oy O SUS/T ot osle by OF s Sl s
o=l s Bl Slles  ad ealinad 128 i o3l L
L 74 sles s el U sl o 5l o 5 a4 oS s
L s, 8 sl a>,545 1552 4,53 560 63 167 .70
e ol Lokt 3y o 5o A8 it a3l 4y it
66 66 1 70 slales 15 s 5 4 428 4% 5/7 it asle
(20 el 31,5 5l ;5 40 5 48 5 48 655 61 U
U 028 les oale L Lade oo Of sues Ldis Sllas
7156 159 slalos 55 ot 4 Kt asle #55 ) ks
Sy 3,5 sl 5,356 L5 60 62 Ls 65 68 Lo
[2]es 2

50k e des a5l oS S (gole S Slles
Sob et alin G 20 Aol 5 s LS55 LIS
4 LB Jsbs o8 sl nl b3 5 oo sl sl
3 aids 15 s gl Ui 5 i35 30 s
Ol e 3 S8 el el s 50 8 4 S e
3 (H9B) (35 Sl i 3335 e T o 52LE8 &
w5 JB o (b 5 bosg baes) JT oS 5
3305 SL o |y e sl 1 (%52)

50 10
— cop
----- Calcium
o ; 25
3 N w3
Z 30 i £
3 4 3
2 i W
El
g i ]
0 " i 3
N
10 H 0.5
"
‘_l i A
‘~~. ALY
o == . Asatmtzze ] g

0 a0 60 a0 120 150 180

time (min)
alkaline acid

Fig 3 Milk deposit removal in the evaporator after
operating for 20 h. Cleaning temperature: 70 °C,
cleaning solutions: NaOH (1%) and HNO;3 (1%)
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1. First Alkaline Flush
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Table 1 Composition of the deposit from whole milk in the heat exchanger and in the evaporator after
operating for 20 h

COD (g 0y Protein (g) Fat (g) Ca(g) PO,(g)
Heat exchanger 1217 274 297 100 156
(Total)
Evaporator
Alkaline flush 8453 (96) 2265 (96) 1369 (96) 229 (52) 487 (84)
Alkaline circulation 167 (2) 38 (1.6) 31(2) 26 (6) 3()
Acid cleaning 208 (2) 57 (2.4) 34 (2) 185 (42) 86 (15)
Total 8828 2360 1434 440 576

Within parentheses: the percentage of the deposit removed by the various stages of cleaning.
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1. Falling-film evaporator
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ailk deposit after cleaning vith a rubber-1ike top layer
Fig 4 Schematic representation of the formation of
a rubber-like layer at the outside of the milk deposit
during alkaline cleaning.
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Table 2 Precentage of the Compounds of deposit of whey (5.7% TS) or Concentrated whey (28% TS)
removed in an evaporator for two different cleaning procedures; 1: HNO; followed by NaOH, 2:
NaOH followed by HNO;

1% procedure 2" procedure
HNO; NaOH NaOH HNO;
E:Et] Circulation First flush Circulation

COoD 95 (99) 2(0) 3D 79 (96) 20 (3) 1(2)

Protein 91 (99) 7(>1) 2 (<1) 73 (97) 23 (1) 4(2)

Citrate 100 (100) 0(0) 0 (0) 91 (92) 9(9) 0(0)
Ca 97 (100) 1(0) 2(0) 33 (84) 37 (13) 30 (4)
PO, 99 (100) 0(0) 1(0) 51 (67) 27 (17) 22 (17)

Within parentheses: the percentage of the deposit removed by the different stages of cleaning.
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Fig 5 Whey deposit removal in an evaporator after
operating for 20 h using (a) an alkaline-acid
procedure and (b) an acid-alkaline procedure.
Cleaning temperature :70 °C; cleaning solutions:
NaOH (1%) and HNO3 (1%).
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3. Microfilter
4. Ultrafilter
5. Nanofilter
6. Fouling

183

Clearing solution

Fig 6 Milk-fouled stainless steel panels before and
after cleaning at 40 °C with 0.05 units ml™ of
commercial protease products (P1-P8), buffers,
distilled water and 1% (w/w) NaOH.
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5. Poly Ether Sulfone (PES)

6. Attenuated Total Reflection/Fourier Transform Infra-Red
7. Flux

8. Polysulfone (PS)
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C. SEM image of a UF membrane cleaned with

0.5wt% NaOH (showing the damaged area).
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D. SEM image of a UF membrane cleaned with
0.5wt% citric acid (showing the damaged area).
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E. SEM image of a UF membrane cleaned ith hot

water.

Fig 7 SEM images of UF membrane before and after fouling, washing with NaOH, Citric acid and deionized
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185

0L o Jlos 5 036 T3 25 sloms SSSL 36
S A Ayl Oged AL slie L Teds eslizad
Sse Jgloe dhewy 4 o o S Lol s gl SL2E GUS
SIS Odl ol e a el eslinad LU A sl
SO 2 byyte g 55 03 dsbowe 51 il 4y b
e abs w4 O3 B sy sl spm Jgbes
 opd il (e, 01 Bl L) Oomd 2lds S
[2] sl 2ol 55 LB 5k 4 0T Glae D13 oS g

1. Recycled Sodium Hydroxide Solution
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2. Chelating agent
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1. Polyvinylidenfluorid (PVDF)
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Fig 8 Optimal cleaning tempertures of UF and MF membranes
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2. Bovine serum albumin (BSA)

3. CaCl2

4. Frequency

5. Power

6. Whey Protein Concentrate(WPC)
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3. Heat Exchangers
4. Beta-Lactoglobulin
5. Configuration

6. Aggregation
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1. Listeria monocytogenes
2. Ultra High Temperature (UHT)
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Various aspects of cleaning in dairy industry: A review
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Food safety is a crucial goal for dairy industry. Cleaning of dairy equipment is critical not only to
meet milk and milk product’s standards but also from environmental points of view. Sanitation
challenges of heat exchangers and membranes dominates over the other deficiencies considerably in
dairy processing steps that have been hardly affected by conventional methods that are updated
through this paper by utilizing emerging paths such as enzymes and ultrasound. Moreover, incoming
materials specifications, importantly composition (i.e. organic or inorganic), concentration, and
temperature are known as prominent impactful parameters on either milk components deposition on
heated surfaces or imposing fouling on membranes. Although, cleaning agents™ properties namely:
concentration, flow, pH, sheer stress, and temperature are influential features, sanitizers selection and
their application sequence in cleaning program should be considered as the most determinants factors.
The article goes on advancement of control and monitoring methods of sanitation programs from
COD, calcium, and turbidity to conductivity and ultrasound sensors. Finally, it discusses a brief
solution to tackle some environmental problems regarding the usage of chemicals for cleaning in
dairy industry.

Key words: Cleaning in Place, Heat exchanger, Membrane filtration, Control and monitoring,
Enzymatic cleaning
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