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Abstract

Bacterial contamination negatively affects the quality, functionality, and safety of dairy
products. Adherent populations of bacteria, referred to as biofilms, grow on the surfaces
of dairy processing equipment and are the primary cause of dairy contamination. In
addition, microorganisms present in the farm environment and dairy factory can conta-
minate the Clear-In-Place (CIP) line through raw milk transport pipes; therefore, exhaustive
management is required. In dairy manufacturing facilities, biofilm formation is controlled
using CIP systems that primarily require sodium hydroxide and nitric acid. However, the
leakage or incomplete removal of these potently active compounds can be harmful to
humans. In the present study, we compared the eradication of Zscherichia coli and other
bacteria using commercially available combinations of sodium hypochlorite (NaClO) and
citric acid, which are recognized by the Korean Ministry of Food and Drug Safety (MFDS)
as food disinfectants. When considered in the CIP system of the field manufacturing
process, £ coli was not detected (compared to detection before treatment), and other
bacteria were detected at 0-32 culture-forming units (CFU)/cm?. The residual amount of
chlorine ions after CIP treatment was similar to that in tap water, and there was no
significant difference in the overall components of the fermented dairy products. Therefore,
the NaClO/citric acid CIP system can be safely applied in dairy manufacturing processes.
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2. Clean-In-Place X& [t} M

95 9 S4B 718 3O vAE AT 2 —g— o Table 13 ) A=Ad ARG
MAgetoiet, B 7o) uAE A7t 71eS 1A AR 248 9ol Agsict CIP AlE
N 2]l A (storage tank)HHE] Z1(petc1<agmg)7f}x1 g, 2 A8E 215 FAtH12%
5, Qb AoIMAHER(G% 55, dIF) 2s ARSIt

3. 8 ¥ /IS% oM oldsE 22

x]ﬂ&o_% T2 1Al A= 4709 BB FUHge] ARt HNREY, o 2-, A
T, o 93 24, 970 HiE, 44 Bo)of| dis] FA o 3 e B4 S SAsieit
1%%451_ A, Y44 v, $44 HE AlRE swab¥(3M Quick swab & 3M Pipette swab;
3M, USAKZ AM8stlom, 97, EY, o< 24, Aldd= A48} 317 BaE stomacher
bagel o] stomacher(Elmex SH-IIM, Elmex, Japan)& #2351l 345t0] ARRSIITH11].
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Fig. 1. Dairy products manufacturing process.

Table 1. Sample collection points for microbial analysis

Manufacturing stage Subject of application
Milking Milker
Storage tank Tank interior, plumbing joints
Clarification Filter, pipe line
Pasteurization Pipe line, plumbing joints
Fermentation Tank interior, plumbing joints
Packaging Pipe line, filling inlet

Tryptic soy agar(Difco, USA) ¥ yeast extract peptone dextrose agar®l| =Lste] 37T oA
24A17F ol HiRE & WS o] Fejol wet EEoilth. I £ WS 16S rRNA
sequencing® & 545}t

4, N Lgd 24

Ba)-5-9] FAYAO] tigt WA &4ofl= Clinical and Laboratory Standards Institute(CLSI)
guidelines(2018)°ll W=} disk diffusion assay©ll 2lafl Z7gsIcH12]. AR&3t FAAl ) A3(BBL,
Sensi-disc, Becton Diskinson, USA)= vancomycin, ampicillin, cephalothin, penicillin G,
streptomycin 5 & 1152 FBAE ARSI 2t Bejata= TSB A4 #jA|olA wjgset &
10° CFU/mL7} =4 Mueller hinton afar(Merck, Germany)ol] =@3F the, 11%9] 3484 tA
IF F1 37904 24X A ok, ZF AAlOl Higt ARRRe] 3718 S7getkal A WdE
Wgstoirt.

5. Clean-In-Place AIAHY MZ 3 OJYWE XMzs3 Fot

CIP AIARI(F-IRYAOIAIMES)S EAY B71e] HaH AR 2Rle ARSIt CIPERI
o] A8 32 Uf AFHINNEE HAf, HA, A, dax, A7 o, FLARK1%)2 =
OIIAAIEE(50 ppm)Zol| =ZA|7|1 Table 29] ZAYE A2sic). aq=S AZG &
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AIZSEA] QRXar 4417 2ol CIP AJARLE: o]&sto] Al&siitt. 6TAZF 5 B & Al&H4(1
L4 10%)= Zobsa, ARttt dig2e] ABdrE ERlste] Ao a3kg ERIstqrt. Ze
AL 220+ 5T)0A F=Hstrt.

Table 298] 27104 A2jgt A& D CIP A2 A8 & uiPE EE= Swab kitGME AH8St
o] 10 cm’9] Yolg E4et9lon, F4= CFU/em’@ YeRfioltt. 62A19] CIP AlAglo] B4
T AR AHe= Get 4R SATE & S0 o= CFU/mLE VeI thg<t/
WA Escherichia coli/coliform group)2] FeF B4 8] Petrifilm™ £ coli/Coliform
count plate(EC, 3M)< AF&51ar, LubAlF Heke d Petrifilm™ Aerobic Count(AC, 3M)
< AREsIslnh HE F 24AKE 37Co0A vt & FRUE AgsiSith. nE ARaE &7g6t

7] $I8) MR Ao\ At T mYBATSE HlEslgt

6. Ui 2o
AIZA] R0 wE FSRARES] /g7 IS Eolshy] Sl YRHIE =4S T 3sigith
Zebd, 2AHF 9 3R AOAC WHio] Qfsto] Agkslll, ©rdls T2 AAelA 7,
] 22 9 SRS W gro g A4kl
7. TREA012 HIt

ANzl A A(residual chlorine) $F9 S A& 30 g& Foto] 374 270 mLE Al=
S 7H=0] residual chlorine meter(RC-24P, TOA Electronics, Japan)E Al-&-sto] 4514

tH13].

8. SA=N
& "loJEE= SPSS BA L2 1F(SPSS, USALCE =7 rtest = analysis of variance
(ANOVA)-Tukey test= EA5}9ic}.

o s
21 ¥ 1
1. SIISY B, 29, SUISE 22 04E 2

AR T 4329 AR (EH € 3EAR)Y nlE 242 HjxE 5ol AEE F2Y9 16S
rDNA sequencing ¥4 59 3AE0H, AA| £ 455 S04 449 M-S & 2004
oI %= UEtlc. 11 Ad 5 B9 w2 StaphylococcusEdt BacillusEel T
(Fig. 2). E3t 9% 223H1558)9 AW S 243 23, WS ER6HA] ALK14.2%)
RS 7 A41.3%, & E= 944 vigoli B2 ERlsioitt. 574 gdoly a7kl

Table 2. CIP cleaning process in dairy manufacturing process

Step Time Process
1 Water pre-rinsing, 45T
2 20 min 1%-2% alkaline cleaning, 85C
3 Water cleaning
4 10 min 0.5%2% acid cleaning 60C
5 Water post-rinsing
6 Hydrothermal sterilization, 95T

CIP, Clean-In-Place.
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Fig. 2. Distribution chart of bacteria from the dairy farm.
AR TR A6 4TS B CIP 1S 29AIY S glone Hhg welt Baskd.

2. ST HIZAPH0M XIOIEAMUER/FEL Clean-In-Place A|AHIQ| HIO|RQTE Xz

4% 7R BT E flote] 71 BAAA R EG ARl ARAAR skt
AJotAAMEES ARSIt CIP AIARI(FAALAOtEAMMER)S 2835t 631 A
A, FA B3, A dER, 37D 7R AR QAL HER A eI E A 218 4AE
WA Sof| =3goiiet. 69AY CIP AlARlo] 4 & A A AJESE Akgsto] Hot Al vE
9] & A& A} v|wste] AXbsich. 11 A} 63 BRoA] tidto] AEEA 2ok, URHA|
& 0-32 CFU/mLE A]oFAe] $-f5oll gt Al 71844 (n=5, =2, m=10,000, M=50,000)
of| vl Aot olQlrt. E5], WRF VAT AlH o)< digwiwio] ASEA A3k, YWt
L 140.0 CFU/mLZ "¢ @2 £207 AZEAL) o]H AFolA Bacillus cereus, E coli
9 Staphylococcus aureuse] AF0Z Q% whAZ 72 CIP AL 7%2] T4} 200
ppm?]| XOIFMMEFO R FA| AlA Al B cereus, E coli R S, aureus?] BEE Z¥7} 6.9,
7.0 2 8.0 log CFU/cm’ g ZAAIFTH14]. webA XjotdaihtERT 74k CIP A28
$-219] AaollA BAX £ coli O LRt ATt ofjal AP A Aafolla] Bizo] AFEatoe
BRI A W o] ASHAT E3E AtAMINERT} Ak AEH7ER SA= I
ozl QEHRE FAIE AAtel 719 &= k. F7F 02 CIP AlARI0] A8E5 7] o= 7 ASY
(filter)} E22H] & Ayt FHAAE ARgsto] AlHstoint. 11 23 2 &4, bt
9+42.40 CFU/cm’® wi$- ka3t $:20]tKTable 3).

3. Clean-In-Place A|AH! X2| £ T HA0I2 HIt

e AL 71E A - de] AR} vlmste] AotdAMPER/FLAAL A&A|L LAL/S
ASHIEE AHAE AFSoteS o A5t BAEGE o) Fole BF 55 $502 1Y
Efdth AEE SR BF 9B £V F 940129 71EX(250 mg/l) olekz ui$- Qe
F30)90tk. BAIE Fof 2ol ARTAAI= AEE A dolh AFA vl 8-S AXls] B, 7|&
Ab - ] EAE ARST 39 B8] ik Aol AT ES NAAIE ARST B9 SV
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Table 3. Biofilm reduction after the citric acid/sodium hypochlorite CIP system

Escherichia coli form (CFU/em?)  Aerobic bacteria (CFU/mL of cm?)

Processing step

Before After Before After
Milker 102+11 0£0 1,995+77.8 32114
Tank interior 48.5+4.9 00 1,055+84.8 1.5£0.7
Filter, pipe line 2+1.4 010 14147 1 9+2.4
Pipe line, plumbing joints 22.5+3.5 010 272.5+16.2 0£0.0
Tank interior, plumbing joints 28.5+2.8 010 153+11.3 1+0.0
Pipe line, filling inlet 25.5+2.1 0£0 374.5422.2 4+0.9

CIP, Clean-In-Place.

8ol AT 5 ik Tt ABA v1§9] R B U SEIF 4% ol5t A9 Z71
ulgo] Ao] Wigsh) gron, ole] et Fol At TA FEL 37129 0] Aol izt
2 W% B5s10] /3 215K Table 4)

4, Clean-In-Place AMIAH 2| £ RMIEQ| O[stely E4 HIt

71& At - ] AEA] ARE 29} AL - AOFAMIIER AFA] ARE- 39| 5 TERAE
9] olafsta], Yoty EAS vl Hoth 1 Ax F AE 7o) S8, A, o) eal s,
Sl 1831 pHOlA B 5214 ZJo]7} QIITHp<0.05). E3F F Al 7t 52l EAE Ajo]
7} Q19tHTable 5).

2 o

HE2jo} 2 @2 Y ARl AidEls AlEe] £, 7154 H el #84Y dde A
™, FAE 71 gH|e) 3ol FafE o] st HiEEjor A2 A e fAE 2
o] 3 Hloftk. fAIE AR AldolA AEER2 CIP AIARICE Aojwjn], 32 SABEET

Table 4. Level of residual chlorine after using cleaning agents

Cleaning agents Chloride (mg/L)
Water 12.65+0.02
Citric acid/sodium hypochlorote 13.25+4.73
Citric acid/sodium hydrate 13.73£2.71
Commercial CIP agents 33.94+10.83

CIP, Clean-In-Place.

Table 5. Comparison of physicochemical properties of fermented milk after citric acid/sodium
hypochlorote CIP

Moisture Fat Protein  Carbohydrate Ash
(%) (%) (%) (%) (%)

83.5£0.13  3.95+0.22 2.97+0.19  249+0.39  0.59+0.02  4.2+0.01

Treatment pH

Commercial CIP
agents
Citric acid/sodium

84.0+0.16  3.78+0.10  3.00+0.11  259+0.19  0.63+0.03  4.2+0.01
hypochlorote CIP

Student’s t-test analysis of the significant difference between original method and new development
method.
CIP, Clean-In-Place.
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Aito] AR TR of2fet 34 2RI SiRkES] & e ARe APl 73T o Al wEbA
& dFolre Aol A58 duAlR AT AotALAER/FAt 28 AR 71E
A AlE B0 AlA a3 Hlals] Hdth 2|1 HollA 10 ppm ARIYAAMMES
/1% A4 ERAEIA] 6 log CFU/cm’7t #Aetgict. B4 A2 3749 CIP Al2aglol A851%s
o A2] 3t vlaste] i AEEA kAL, Al 0-32 CFU/mLAEoIie. &
CIP #2] o] @Yol IRTF2 Fxadt vt £l EHEE 7914 2017} gl
b Aot ER/ AL CIP A28 fAE AlE 3400 2873 71eclt
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