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Abstract

Since 2018, the Korean government has permitted the production and sale of any cheese
made from raw milk and aged for at least 60 days. The present study aimed to investigate
the sensory characteristics of various types of Gouda cheese produced from raw milk
during 60-day aging. The average pH of the raw milk used in this experiment was 6.7+0.4,
similar to that of the sterilized milk. The pH of raw-milk Gouda cheese was 5.2+0.5 a day
after the 60-day aging period, wherein the pH was 5.5%0.3. In total, 5 samples were used
for sensory evaluation in this experiment: Cheeses 1~5. With respect to flavor, Cheeses 1
and 5 received the highest and lowest scores, respectively. Raw-milk Gouda cheese
produced using Salmonella spp.-contaminated raw milk was not greatly influenced by
flavor; however, it had a negative effect on its appearance. In the future, it is imperative
to carry out sensory evaluation of cheese produced with raw milk contaminated with
various food-contaminating bacteria.
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ﬂ-@,g& A ZE= 0 ARS th, df 52 95E XhHlactic acid bacteria), AHacid),
A (rennet), 7|EF DA SRBAE ZEAIA caseing AW} A S5t curdE 43T
2 -rfqﬂ curdE A2, 7I4AZE 510 fARE E= 38olo] sl sAIA BojAl= AEe=R
42 A tiAmerican Cheese Society, 2011; Park er al, 2015; Currie et al, 2018). A&7}
A GHA Hlof| oJoH, 2= Yfraw milk), AxH, FAA Y Foll w11 Fejet gt gol
77 g2, JAAZCRZ diZF 1,0005 ool AZ7F AAE T ltKAlewijn et al, 2005;
Choi, 2011; Monakhova et al, 2013).
AA A 2= AN T2 13019 BAE ol8ste] HRAIA ERtt 3|9 2Fo] FAH= (2=
A S} 2o] 7Rg R Z(process cheese) th 551, 4/ F ofg] o] &afElo] 4%

oru9
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ofu|=Ak, AHAL HlEM, Z<% T18]17 phosphorus’t 223K Collins er al, 2003a,b; Lee et
al, 2005; Jung, 2012). T3 A 2= Az @ 4 Foll TAcks ot Asterd 289
ofgt thefet T E8E0] =S, 1 SolA FAHRE fARfolY F80] ABE(starter)
9] 5] ofsto] Eofilo] S AHAL S carbonyl 2RFE S At AHA = ERe
%83 FujgRog YepdtiLeuven er al, 2008; Kim et al, 2015). E3F AAXR] %4
Z T Bolls opn| Akt HefolE F-9] Aol it A ZQl 7|ofE sl ofw]ieAte] ARzt
8ol 9JsiiA A== ol AL B, ELoAHRE 59 232l JFs & B9 ofg) =2 AE
(curd) 39 SREA ¥ plasmin®] 2%, Alsalpol et 2T v], /48259 5 2
A 29| pH, casein 52 ZE1EF 5ol oot S We=rHMarilley er al, 2004; McSwee-
ney, 2004; Van Leuven et al, 2008; Vanevenhoven, 2012).

A=A 7ketEtal EE+ Gouda X 2= HEHEZ9] Rotterdam F< Godua A%ollA|
ATH R TEojA= AAXZREA YIHES] 5783t Edam 2|28} 3 8 5 549
it Honish er al, 2005; Van Hoorde et a/, 2008; D’'Amico et al, 2010; Gill and
Oudit, 2015). Gouda A29] E4Z AHEH, £ T 42~55%, A T 25~46%,
el SR 22~35%, salt T2 1.0~1.5%0|H, & 2~670E o4 &A1= HFZR
S48 AAXNZEA A9} 1818 Hrancid flavor)E 7HAH, EHS A St A3 (E=
Qur)e] mofo g LS EHcKDavila et al, 2006ab; McCollum et al, 2012). I¥tdo=g
Gouda 2= @9 mizhiolu A 508 ZASIA|YE Edam A 2= AA49] siejmolyt ¢
A8 AL FAth B3 AHRRFO] Gouda A27F Edam A|2EG thd w2 AL AlQlshd
Gouda A2} Edam A 29| AZZAT EAL GARICHKIm, 1992; Lee et al, 1996ab; Fox
and Wallace, 1997; Messens et al, 2000; Van den Berg et a/, 2004; Harbutt, 2015).
Gouda A 2= AHIRLY] 7|50 9= F|@4T 1P 20 R4S A7) flste] A7t /97171o]
Z a3t of2fet 29| /442 AR-2hHRkS, QUARHES, ERIARIES, Eotu|likg, A
off, ARG, FFEdl 5 thFet AeshA BRSOl BolA kRt SrlE ARl A= oA
28AL9] 7]50] YA EoKYvon and Rijnen, 2001; Van Kranenburg er a/, 2002; Yang,
2009; Colonna et al, 2011).

webA 2 Y] HAL o] dE=E ARE BT Gouda A|2e}; AFEAlA Salmonella
spp. £ UHoE QAT Y2 AERTH vlaF Gouda AR9] 60U 4717 B /3%l
T2 pH Hjel WsaAr T | floiA £ Ago] Jg=|oict.

=z 2 U

1. SAXIZL K=

A7Nw QAN Qo AKX YRl starterZA St thermophilus, Str. lactis, L.
bulgaricus, L. casei® E3td(Lyofast YAB 450 AB, Sacco stl., Codaragok, Italy)2}
rennet(Mysecoren Maysa GIDA, Turey)E AH&5to] Fig. 13t Zo] Gouda A|22] AxxFH o]
ke A=fst $20)9tist Center for One Health?] 35H AsHIEAlof|lA A28t Gouda A=
£ SAHRE 10£2T, HHEE: 8515%)°14 60 ol SAA7IHA FAIER ARSIt
(Kim, 1992: A€} &, 2017).

2 AAoA= vl Gouda A2 WA E42 Loty oA & 570 Bt Gouda
A 27} 2= QeH, Table 10 ZHASHA AHE|=o]A] it

53], Cheese 3, 4, 50 9f0l Al55wo= ezl ARdehts QIR FFst] 25
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Raw milk

Whole milk fat (good hygienic quality)
OR artificially contaminate with Salmonella spp.

|

Heating

_____ Over 32+2C

|

Addition of starter culture

1% (Lyofast YAB 450 AB)
OR add more DH5 or DN1 according to cheese type

|

Addition of rennet

| ..... 0.00025% rennet

|

Setting

|

Cutting

| ..... | Wires in frame, 1.0 cm cubes |

|

Stirring

| ----- | 1 hour for stirring curd to float in whey |

|

Whey off

| — | Removal of 40% whey among total volume |

|

Addition of hot water

| — | Addition of 30% hot water (50C) to cheese vat |

|

Heating

| e | 36 to 37C |

|

2" whey off

|

Molding and pressing

_— | Plastic mold for over 18 hours under 3 bar |

|

Salting

[ | Brine strength 20% |

|

Ripening

— | Over 60 days (temperature 10427, RH: 80+5%) |

Fig. 1. The manufacturing method for traditional or raw milk Gouda cheese.

www.ksdst.org

Table 1. Various type of Gouda cheese produced in this experiment

Gouda cheese type Characteristic of Gouda cheese

Gouda cheese 1 Raw milk Gouda cheese

Gouda cheese 2 Raw milk Gouda cheese

Gouda cheese 3 Raw milk Gouda cheese inoculated Salmonella spp,

Raw milk Gouda cheese inoculated Salmonella spp. with addition of

Gouda cheese 4 lactic acid bacteria DH5 isolated from Kefir

Raw milk Gouda cheese inoculated Salmonella spp. with addition of

Gouda cheese 5 lactic acid bacteria DN1 isolated from Kefir

95 vt Gouda A2 F5AEAN] v JFE FESIALY. Salmonella spp.= =St
I $Ol7th gt Center for One HealthollAl Efsl Qd AEEIATE ARESIHC
Nutrient agar(Oxoid, Hampshire, U.K.)ol 5% 455 Z=UsIo] 37CoA 7|2 02 244
7+ uFet & ik Mt 5 TdA=RE AE6lo] Tryptic Soy Broth(Oxoid)ollA] 37TollA] 2441
Zh eFstelon, 39 ol ARt HHS FjAsie] HFHoRE ARESIATY

TSt Gouda cheese 49} 59 4kt#Q1 Lyofast YAB 450 ABQJOll KefirollA H&]3t GAkt<l
DH5¢t DN1E 27t 3712 371k oA 3v|dsE €& 71%1 DH5%F DN19] 371 &5
A Gouda X|29] 50 ofH FFFE F= AE Yoki7] flshAolrt. F4ktQl DH52F DN1=

o)

et
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MRS(Difco, Detroit, MI, USA)oll T=H3}a] 36T oA 48A]7F Bl & MRS brothell Althate] AR

st

2. pH ZXpH Value)
pH &4& A2 g45(saline)?F AZZ 2:19] HlE&(saline:cheese = 20 mL:10 g & H244& tube
of Yol #&7]oA #&% thS pH meter(Orion 420, USA)E AREso] Z4519ct.

3. S

Bodyfelt e al(1965)9] "2 WHAA Ful, 22, o8, 82, 27] 59 57 Y5 chslod
F208 B 1090 st WS Bk 74 =] dhsto] hS- 2(10%), $L, B4 W,
ol (1S 71202 Sol LSt

4. SAEN
B oA dojy] Axo] EARAL EAILZ T GraphPad Instat(GraphPad Softwre,
Inc., San Diego, CA, USAYS ARE3}9] Fisher's exact testZ SASFQ1 922K p<0.05)5 £4

1. 88 ¥ XX HEX F 121 =459 pHe| Hst

A9l pHE B8 6.8 W], & Aol AMSH 979 pHE 6.7£0.4= Yeistow, At
HfollFE vk pH #h2 E3itHdata not shown). HlASF Gouda X2 ARA| ¥72] pHE
A|&5] ZFasto] tiek pH 5.2+0.58 Btk 609 /9% & BlAt Gouda 2|29 HE AE0]A
pH 32 0 day®Ett 3719 2 2921 pH 5.5+0.3& Yeffigitidata not shown).

Kim (1992} Gouda A2 £447|7tol| wg F-4o] 3t Atol|A] Al2Z|Fol= pH7} 5.16°1%12
U, 54 171€ o= pH 5.41, 4 278 $oll= pH 5.58 12|11 &4 6712 Foll= pH 5.812
%S B Lee et al(2016)2 Al B4Y §718-2= A24H Gouda 2|29 #4
E/300 vl FF Aol 6718 &4 F pHY k2 5.59004 5.787FA] HAARE R4l Zjo]
= T

Park et al(2014)2 Lactobacillus rhamnosus pl< ©]-&3t s Gouda A= A|ZEH ¢
743 & FEEA A7l Gouda A= &4 T4 32 pH WH3lE Bttt tixHcontro)=
%4 27] pH 5.30004 <43 37§€A pH 5.20°02 ZAsitE 1 3 544717t B3t S715t]
pH 5.527F] Z7¥t9.8™, L. rhamnosus pl& AEgt Ag-= &4 27] pH 5.29004 &4
N7k ekt 4ste] pH 5229017t <3 3MEAIRE S7Iste] <43 57HEAell pH 5.6171A4]
3718 Bt o|AL &4 271 curd Woll ZkEsh= fEsfoll W [4ke] A34d 0= Q18 pHAF
Hash, 11 % pHY| A5 Thld Fofjet frujof /o] whE A5olet BrstitiLee and
Nam, 1996a,b).

ESH Visser and De Groat-Mastert(1977)= 2| ZY] pHO| &7} o5 §Ake] £af|, vj&A A&,
A 82| A4, ZAY, carbonic acid & 2= FsHAY 2P SfiE]|A] o2 Ako] A St T
ofloll <t 2] £49] R 5ol Qgt Aol Hilskyith

YRFH O 2 Gouda A2 7, s/437I7t0] S7Iete] we -2 astal, 2u, 2A, 23]
B pHE HoIthy B U3SItHKim, 1992). Van den Berg et a/(2004)S Gouda X Z= HHA

www.ksdst.org
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Az B 7, dibE o s A AlRlRt A& § pH g BE 4.9~5.6019, 2 FF
Wit 53~63%CI2kL Halsiirt
Aol Bkt Gouda #1229 pH g 719] B A-ollM Held pH Auiet vlsset 43

A

l’E rl'E l‘lO o

T

R

2. #sZAM

HJARE Gouda A28} At Gouda A2 AE] tigt 609 &4 3012t <] ¥3k= Fig.
207 YRt Qi

A 29] AL Fu|} ), 2AAE, FAR4, 1, AR, A9 5), 181 QP(NZ,
T, A2E OE 2K, 28 3gole] £4 55l siiA 2= KFox er al., 2000).
2 AdlolA Al ol8H HES F 57elth. Cheese 13+ Cheese 2= ¥A9] 9f& A=2H
vt Gouda A]Z°]H, Cheese 35FH 57HA= QX O R Samonella spp.7t L38H Y7
ol-g3sto] HAF Gouda AZE A3 AEo|tkFig. 3).

A FU1E vl B Cheese 10] AlY =2 M55 H30M, Cheese 57 7F¢ W& H4E H
A3t Samonella spp. 2G0] BlAF Gouda AZ9] Fulof| 2 GRS FA= E51tHFig. 2).
fstd YRk A=2E Q= 7|7t SAASE B} FHl= oA, HBESH0] =
AA| FA MAEE Ao B7IE7] wolth

60 oV 7S AR vl EaE AxE A2 gt Fu7h A YRR AlRE 220
H]of <=8 #int opet, uAEERA]l QP TS Ehal B EITHKim er al, 2015). wEkA
2 A9 HAAPIAE vt Fke Hlth

T2 Samonella spp. 2300 wet ol & FFE F= A2 YERITH<0.05). kst
H AAN 2= S4Bl ml8E 2 8] osf tielt ofafekA d AJokshd whgo] dojual Ee
dES0] APEH, AR 0, 3 7t 50 719967] wiEoltkKim, 1990; Fox and
Wallace, 1997; Jung, 2012). wet |29 2% F47 AHRIS] A5 wo] 22 Y &

10 -

N Appearance

M Flavor

Cheese 1 Cheese 2 Cheese 3 Cheese 4 Cheese 5

Fig. 2. Comparison of appearance and flavor of various raw milk Gouda cheese. Cheese 1 and
2 was raw milk Gouda cheese; Cheese 3 was raw milk Gouda cheese inoculated Salmonella spp.;
Cheese 4 was raw milk Gouda cheese inoculated Salmonella spp. with addition of lactic acid
bacteria DH5 isolated from kefir; and Cheese 5 was raw milk Gouda cheese inoculated Salmonella
spp. with addition of lactic acid bacteria DN1 isolated from Kefir.
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Cheese 1 Cheese 2 Cheese 3 Cheese 4 Cheese 5

Fig. 3. Surface of various raw milk Gouda cheese after 60 day ripening. Cheese 1 and 2 was
raw milk Gouda cheese; Cheese 3 was raw milk Gouda cheese inoculated Salmonella spp.;
Cheese 4 was raw milk Gouda cheese inoculated Salmonella spp. with addition of lactic acid
bacteria DH5 isolated from Kefir; and Cheese 5 was raw milk Gouda cheese inoculated Salmonella
spp. with addition of lactic acid bacteria DN1 isolated from Kefir.

e ARIA 2 S/42 v Sa3s17]°0 He] A=E e St A= Az 71 S84e

QlAJsto] Rj&AQl A7t 2 —35]°1°F g ot
133 B AFoA Azd kst vt Gouda AZ59] A3} A7 8] 1o QlojAlE & XJol7}
Q= Aoz ZAEItHdata not shown).

At o g 2| 29] XA 2 o] BA0] 2o osto] =717t Bt Al WA E=d, e 29

AR Us 5 Sl WA 194 A2 AR A% 1~23& o] 7|70z casein®] ARto] 71a-=os]
A oFsjAH, 1 the 29 A 0A = Tl Eaf7t R 0 E o] RojRHA F 79 o2 1150
A==t o] wiiZol| 229 o] TAshal, Tl AR AR 0= 20| HteHAE
A AHCreamer and Olson, 1982; Exterkate et al, 1987). WehA] X2 ZZ-& 0] casein
A& (network) Afolol] A=t 5ol 7 = Fefolw, TR ofzt X]H} a5 5ol YsiMe
e @o| ¥=THjack and Paterson, 1992). %/do] o] we}t 24 BT HolA ==d],
Gouda AZ9] A&} AAFAo] <24 2~37Yof| fejzog 7 V\OH’J(Vanevenhoven 2012). 7
L= chilg Bl 501491 ATIAT ) o™ (Fedrick, 1987), 98419 £71= casein 922
AH o s wE 7iaEsfet ijiqo] I, B2 41 SollA para K-caseinate £4+2] #5]

o] whE "I ulgl Aol IPE4E A HKanawiia et al, 1995). 2|29 pHe Tz
ofz}, QMEdwE9] Bt o] FFe L, HE ERF Tl Eofof] kS Srof 24 £
T FFE FH, AR FE A AEy B0 S EHGreen er al, 1986; Luyten,
1988).
HE 29| 22| EAS Uoty| faxe A2ARE Y3t 3712 FHdt 5 texture analyzer
£ 0]&3}9] Texture Profiling analysisg 431t} Gouda X 29] ZAIEA o] oJalH, T
“Heontrol)?] ZB=E 59.65, S/ 0.65, HAI2 38.74, B2 0.67, AR 26.21% 24
Eolon, Adl FHAHES AAT Gouda 2120 Hs| 3343, A2, ARd2 FojHo=
WOk, Aol e F Zﬂﬂ:rl Ztoll A7k Qi Jung, 2012). 123 £4Y f71s 57 1oIA]
A|Z3F Gouda 2|29] TPA Zjof| oJstH A= 3.82014 9.78011, F242 1.65%F 11.13°]
o, g2 0.83914 0.97011, S-S 0.345H 0.47019, EL4L 0.05004 0.140]1,
RIS 1.52004 3.9601H, A2 1.3258 3.719] §h2 E3ltHLee er al, 2016). T12aL
I A2jE Gouda 29| &40l w3t AtollA «4g717to] ZAatgtel wet Yo wE &4

www.ksdst.org
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o7} Al B 1 E It Messens er al, 2000). E3F <4 71710 wlet A S7lskA|qE
o A2 ZJol7} glom, A2 A|Zo AREl= FAktol wet X 222]9] /o] Xjo|7t
UeRtthy B st tiKanawijia er al, 1995; Lee er al, 2005).

|20 AY F237F A2 X 29 |2 A Utk Yuk o2 2|29| )= v B3t tiefshy
7} A znfe} ot S/ BolA wd, A g Eofol] QJsiA B2 Rk vk B ofY
2}, Eolry F9 4R, A, AN oFE RARKNSLAB), 718 Alef, 78°], 3%, 4 24
£9] tjofst 89150 M E GRS WH=tKMarilley and Casey, 2004; Smit er al, 2005).
TR Ruyssen et al(2013)& X125 GAIT W] ARGEl= Salt] F7ol osiA® ol B F3F
& HR=thy B uskeieh

2|29 </d1Hy Foll Ao Eofol] sl 'WAYsk= thfet el AARES AR dA oA FE
A2 1-50] ket gt Fulof| 7]ojstH, E5] oo} A A RoA= AEAHAREe] Frlo
TS £HCollins er al,, 2003b). B UopkA 229 A2 g Uetl= 284 =9
| 93 % gtk

Aot B AojAE Q13202 Samonella spp.& LFAZ] Y& AZH HAHF Gouda A

o
=

FO

2018AHE oA HlA SRFE ARE X2 ikt f-50] 518E7] AASHITHAESIoF
QFHA, 2016a,b). TR £ AoA= dlEe] 71 Wol A3sk= Gouda A|2E A6t
o, HjA URE ARE 60 oY AR IAAE SHLE ARS Zseltt 2 Ao
A AR Wt pHe 6.710.401H AtE, GRolAE Bl Uelgtt. B[4 Gouda A
29| pHE 5.2+0.58 B}oH, 0¥ &A% F HIAH Gouda I2%E pH 5.5+0.32 YR
o} £ ARdolA TsAAlel o-&H MES F 571, Cheese 178 Cheese 57HA[°|th. FH|&
H|73] B9 Cheese 1°] AlY & H4E HYOoMW Cheese 57} 7FE R A4S HYA|qt
Salmonella spp. 2F°] ¥Vt Gouda 29| FH]o| & & FA= Xk A= Uiyt
QHHol| Sa/monella spp. LBF Y2 ARH HAHF Gouda X29] ool £ 42 HokS
F= ZA0E YEyTh

ALl =
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