Downloaded from fsct.modares.ac.ir at 22:04 IRST on Thursday October 8th 2020

1399 )‘)JA 417 092 4102 e)w DOI 1029252/fSCt170515 u.il.l.& (u_{LJ 9 (SJJ&

o Catiud 3O g g liseo S 4> 39 (599 0

1, 1 . 1 e . o 1 .
¢ atlow dcen ¢ @:L,auli:.a‘ Sl &l 30y ol g

Olnl Ol ool s S oS 8 (i 5 anw s i =1
Ol (O Dl ol Al ¢ oDl ST ol ¢ gl s 5 (535518 p ke 0aSils ¢ llE mlio 5 psle oy S -2
(99/02/21 : 5 s &b 9B [07/14 sy, &= 5b)

A

St oo sl b 5 b sl Ml b s shiie & S € Sl $3laopSly Sl ot Cxis SBlal 5 e 31 M 3lpe el
sl p ol s dbge M ane plo sl aslie 5 ol sladie 3los Sl o illr w305 sl Comal 3 Jame o Jie 51 4y
Tl 5 LT 5l oslinal 0 (55 54b 5 Slabs 38 Wlin cnl 53 il o 6 Joltie sla sy b ol ar o8 ol OF 515 5 ege o
SS 5 s el S 0 Ol s los 5 Sl (Gt b ) OF oS 5 00 4 305 3ln Dl ot L LledS 5550 S peol b
Wl Ol s (2l O men oS S Jelse Sla S ax ST disdpe Csmime dlis (S8 sl 5 sk ol sk
0 3l oSl Julse s e staiand aeln 5o LT Sl ealinal (5l slaedy 58 ! Ll i el - Lo 5 o S
SL 2o ge lasd 05T a3l (S0 w5l i3lu Sl slaal SRl 5 SRS Sla s Sk i) 4 e lis cnl il e e
g o oM b Sl o 33l e sl el 5 S s il s K Sl o3l B S el 5 S o

ila S 13 oy 3y 50 Sxo il 53 pliaed Sl oS S0 S 4l Jole e s OOLans sl G

[PPSR PPV PR - = 5 SRS R WL P PO PICIUC | L4 [ PR W L

hamid.ezzatpanah@globalharmonization.net. cuis. J o ”

175


https://fsct.modares.ac.ir/article-7-36722-en.html

Downloaded from fsct.modares.ac.ir at 22:04 IRST on Thursday October 8th 2020

e S 53 s g e s al 5 (g 0

Slikee cisu gl dnl e Ol 4 s o
Olee 51 aS ol anly godaze sl bl 4 (g5luesSh
0T glos 5 Oloj il codiy 3 oS 5 50 0 Ol n O
s ds 3 e 5 o Dl gt e 30 500 0L
J =S Jshe la gy alesr 51 VT s oS (pimes 5
SAdmdr gl L disd o e Dldas 0
el Sl (6055 sl R Sl ool dile
s wlzc;).p\)é al s SSIcghe (oS
SLIBL ol ol (§3lotig Sia b e ST el £y,
el gl 3 ol gal 5l oslinal 5 Lo 5T (6 S S0 O gean
e G 3 Jilae dSle (65 50 Olman Lol el ol
UV PSP S R 5 S S RAP
S S Sl e g el b s gt
25L) B ey 5 U gt ¢ Sletde LS 1 5 L
Sl oty 35 Ly B Sl 2T (30550 35

sl AT (s Al L)
Ll aS 3 ph e See Gl o sllae Sadeds ol
Sda 3k ekl el o culs) O e 4 3leeiSL
LMl Sl 555 an s Laasl op =1 50 dlis oyl

el h o 55 0l 3L (lae s 53 (63 )8

S S (5l Sy 2
s Lagets s 0a bt (e ol il sl
o Gl i 2 SHme Sl P00 LG
e ) s SLS Sl el Sy
‘16;9)‘)’ sladides o3 7 shw ) (G3lue L I 042
AT e Sl b St 3 e sl ) S
Az el oy Sl sl edd i Slse
o LB 5l 5 ) O pame caul (ol Jlanl I8
Slas 3 aS 1 sad pdlel O S5y 33100 e o bl 4
ol eiias OLS 5 tege gslj_faﬁl.w 4,5 100 Bl Y
Ll 1] sams 5150 % 30 =35 5 -5, 50 =60 51 s Le
R 03 S sy S LB o Sl 550 52
St Slalas 53 5%4-8 0T Jlais a5 sla i,158

3 e 4o s (2131 U1 52] el e ol %10 <15

12. Ultra sound

13. Classic

14. Denaturation
15. Destabilization
16. Heat exchanger
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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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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)
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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(1)
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
COD 95 (99) 2 (0) 3() 79 (96) 20 (3) 1(1)
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
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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.

et Slag s 3l oxSl sk w550 sy 3
e s e lie S Ly LS 5L, 14
e 3 e Sl S L pd st ol b3 (6 bt
Ao iy o GalS s 0l sl 5T L leesSk
035 K33 3V rhaw panets glastiy 5 T slse Jltie
G S e ls Ol @ ol S sl 5240 o s
ol Ol 5o a8 sls DL s L s a S b s By cp
Sty a0l A5 Sl 05 55 cad, IS 4 5l 5
53 il Uy SAS Sy 6 o il GnsS oekgd
ol sl o, Shes g Bl 8 05 IS
o sk 455 40 sles J3 gla anl alie 5 A aslie
Sl st bl s x50 PH 5 423560 e o
AU Sos SKhe sl 050 ol 5 Shas J
PH 0350 2 450 pae ol Jass s o gllaols
[15]5 ot 2 s ) SLlse 31 Ll 1 @83 51 43 ol
b bl o 55 S el O SR 5 a0 S
5 Ll el ST s sad s Sl T S S slas S
gl Slgs 5SL ke 31 S sl w0 700 (gl
Shas 6, K O i Ay a0 S ealinul 05 KO Y
O 5 Shas caalin (glos L35 505 o3lizl L S glaslss
G o35 5 (v s 4 5570-50) 5V (6,8 1,
S5 PH 53 a5 o sas Dol 1168 1 1 0T PH

o=l 1y el el s 52 90 L sSU

1. Sodium carbonate (Na,COs)
2. Schizophyllum commune
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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
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Fig 7 SEM images of UF membrane before and after fouling, washing with NaOH, Citric acid and deionized

O gl Al 51 L2 S s o OLES (5 K05 Sl b
el Pl (S 5 L Ol 1) od DS 5 L edd 35
3y P s o 53 s ol Sl |5 el (53
Sl Jows 53 o Oloe cl 3 0508 $5LSL SxaS
ol Szl 15 el (63 sl mbae e (o3le Ol @
Olymsa s e Syodon 5 oS LS Lle Olps @
2 sl A a3 S 15 eslinal 350 555 2L ey i
553 GLa0slS 5l L 055 Ol el Szl 15 el
o RS S Sl Jows 53 ke S5 (18 B iy
L Sl 3 g 5 ol (SAS O ged ol (255 5 (ebaw
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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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Fig 9 Optimal cleaning time of UF and MF membranes
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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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3. Photo-oxidant
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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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