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Abstract

This investigation was carried out to study effects of different milking systems on the
characteristics of Gouda cheese produced at farmstead milk-processing plants. In the first
study, raw milk was collected from automatic milking system and conventional milking system
farms, and Gouda cheeses were prepared under the same conditions. After 6 months of aging,
the chemical composition was analyzed and free fatty acid (FFA) analysis and sensory
evaluation were carried out on the products. In the second study, Gouda cheese samples were
collected from seven farmstead milk-processing plants and the chemical composition and
texture profile analysis were evaluated. No significant differences were found in the chemical
composition of Gouda cheese according to different milking systems or different farms except
crude ash. FFA analysis showed significant differences among farms, but sensory evaluation
showed no significant differences. No significant differences were observed in FFA content
and sensory assessment of different milking systems. Texture profile analysis revealed that
there were significant differences in each cheese made at different farm plants, but there were
no differences when different milking systems were used.

Keywords
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=] Qlk WA, AMSY] SO RE 7R ARHE0T/
AMS), 118, A/SH 48] AA EA, 9 2 AR 7R B84
oI, AMS °]& Al Y79 FYAFACIY AN ZEST F7IRE
Tl GEHF O W Klungel er al, 2000; De Koning et al, 2003),
IR k= BT QtkBerglund er a/, 2002; Bennedsgaard
et al, 2006; Moon et al, 2015). ¥ W S S71+=
R340 F71e} olo] wE A 7] HaEbt g eIl
Aoz dHHOoH(Travers & Barber, 1993; Wiking et al,
2004; Wiking er al, 2006), Y2 FALT 271= 1 972
Az3gt Az9] EMo FaFe v]d $ JrHSt-Gelais et al,
1997; Michalski er al, 2003).

SHH, T e ofHRZ oJAW] fIgt k9] o w &
ol 62} AFAE =gl S7Isks A ok vt £
3 RAREE F& Haaet AEY A2, AYHe A2t Y
OH(FEXTH, 2010), 4 AR B &Aool B85t
T, 1 B 7R S4X2E Axeke 539 U
A gt v 548 fURRIA AR 54832 F
7V go] Az TRE IHARE & 5 e84,
2016), IR 2= Kol akEs 7R e 2129 & S
2, AFZ A AARle] Wol &71= X 2EA|(Vivienne, 1965),
Ry, 23 148 gt 8-S A|Y(Hwang, 2007; Yang,
2009) ¥} AHREE Eolol= 21281 Hol ] 539 &
7RAIA A 29 A2F AeSk= olf F shl AeE A
ZkE},

o[gA AMS E= E4F f7Fsol ek Erl] Aot ko] A
P2 ol Eotal, 6AMIYE YE EEclAe ARt
Q9] B E= 2/29 AY o|¢ 52 ) AMSE ol&stal
YA, =4S ek Sl A7 S8kl Qi o9} st
o] AMS®} HFPZGA|AEN(Conventional Milking System; CMS)
5 2] B4 7R AIEY S ¥FE HIAEA] ofF
of Thet T ERF oM QLo I e BA| g2 Ao
o}, ol & d+e B9 7S AlE § HA 2 FEEA
2] HX= G SRIFro 24 AMSY £ R7ksol
gt T JEE AT FHo2 SPEQ.
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OFEl - 201 - L7[EH - U0 - 138 - H2S - 284

1) 42 T3

A% A9 Us2g 5 A8} Folamo] 4Ho] §A%
AMS @ CMS 238 7 2714 A, 99 2492 i 4
Wsmgo] 49ea0lM 27 60 ke®) B9E 159 0B
3] Ssiglon, 48 et 24 Agkelots §71E7144
B g4l ArkH= Azo] ol&silch

o =Y

2) XI= HxX ¥ 24

ZF B4 AFE YRE o8t IR ARFTAHL

2ok Az IHA 2= ot 4 T VR, AR
WHAE AACIGH. &, did, 2, 37 59 dibdE
AFSHAEZA EHolR))Y] B oA skl 451991, pH
= YAE pH meter(Dual pH meter 710P, istek, Korea)Z Al
+H12] & YAof|A S5kt FEA A B2 De Jongd
Badings(1990)9] ¥l st} EA61%1, o F It AA 2 1
AL Fig. 29 2o, A2ARE EHE(FM-909T, Hanil Co.,
Seoul, Korea)g ©|-8& 2451911, Shaker(Eyela, Tokyo, Japan)
2 YA FFAS FE3190th FFA £42 GC(GC 2010 Plus,

_I

¢

| Raw milk | (60 k)

|

| Heat treatment

}
| Cooling

|
Addition of starter

}
| Addition of rennet | (0.00025% rennet)

|

| (62£2C, 30 min)

| (Cool down to 32+27)

(30 min, 1.0%,
Strpetotococcus lactis & cremoris)

| Setting | (30 min)
|

| Cutting | (Wires in frame, 1.0 c¢cm cubes)
|

| Stirring | (1 hr, stir curd to float in whey)

|
| Moulding & pressing | (Plastic mould / 18 hrs, 3 Bar)
|

) (Brine strength:
Salting 21~22%, pH: 5.1~5.2)
|
| Coating | (Yellow wax)
}
| Ripening | (13~14, 2~6 month)

Fig. 1. The manufacturing procedure of experimental Gouda cheese



| Cutting & blending
|

| Sieving
|

| Weighing

| (12,000 rpm, 5 to 10 min)

| (1.0 mm screen)

| (1 g of cheese powder)

|
| Addition of acetonitrile | (20 mL)

| Shaking & extracting | (320 rpm, 30 min)
|

| Filtering
|

| Dilution
|

[ Analysis of FFA | (GC)

Fig. 2. Preparation procedure of cheese samples for FFA (free
fatty acid) analysis.

| (45 pL, syringe filter)

| (Quadruplication with acetonitrile)

Shimadzu)-Mass  spectroscopy(GCMS-TQ8030, Shimadzu,
Tokyo, Japan)g ol&st9iom, 1 99 242 tha} Ztt

Colurnn: DB-FFAP (30 m x 0.25 pm 1.D., film thickness 0.25 zm)

Oven Temperature Program: 50C 3 min holding — 15T
/min to 210C — 5 min holding at 210C — 20C/min to
230C — 5 min holding at 230C

Injector temperature: 250C
Ion source temperature: 200C

Carrier gas: Helium

A2 A R0 HB7HE Adl 2089 B7H(panel)& A% 74
3t 10 cm A% 7F A= (linear interval scale) 22 54
AE AAJsl o, o|nf H7IRES ATk ok, Algh &0k 52
g Siggl 92 Sgt "gEst gt 502 RS,

3) SA=N

2 AolA Fojdl AafpA]of iRt BE BAL 33] vEESIYl,
AAGES WA L HFEQAF 2 WIS £ 7k XJol= SPSS
version 21.0 windows program(SPSS, Inc., 1998, Chicago,
IL, USAYE AREstalod, A2zt AJolo] thgh foj4d &AL
Duncan's multiple range tests?ll 23l #HE3FAHp<0.05).

Djr

Aol M U =49 F7HdelA Theoirl it =

R SEINERIES
249 4718 S AN S BS] dotel AR E
£ RS, o F BT 57 77Hae
ar

ke 7|20 it ATWE ARES B 4C
oA Bt 5 B0 o8I,

T8, S, AL S 59 AR AEe AlREE 24T

H(2016)0] 2JAste] Batstsi

3) £% 54 58

AR EE 7R, AR, £0] ZF 2 cm® AYst & TAXT plus 50
texture analyzer(Stable Micro Systems Ltd., Vienna, UK)2} 2]
7 5 mm9 probeE o|&3] thS A 98 TPA (Texture
Profiling analysis)S A5}tk pre-test speed 10.0 mm/s,
test speed 0.5 mm/s, post-test speed 10.0 mm/s, a distance
of 5.0 mm, 23] ¥ =%, =274 F=2 Fr(hardness), T2
(adhesiveness), BHd(springiness), -2%4(cohesiveness), &Y
A(resilience), AZH3(gumminess), A& (chewiness) 521312
H, AR T WA Sl

4) SHEM

2 AollA Dojzl Ao ek BE A2 33] HHESIYIT,
A HHALEEAE H|5HlHh £4

9.4 (SAS Institute, Inc., 2016, Cary, NC, USA)E A-&5to
FAREAS AAlstglon, Azt Zlolof oigt fold A2
Duncan®| ta840] 95 AAsHATHp<0.05).

Za o 2%
1. g1 |

1) AQUAD| T TCHKIZES] Ubkgs Szt bl

. Oo

A0 U IEp20] LubguTt pH 2 AE Table
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1o AT 7+ s7PEREE R31ET0] F9/HQl Zo|(p<
0.05) HetHoH, b ZEE Ttole F94< Aol7t yet
UA] 3ottt

Yang(2009)2 =2|u]E H71et AoA 29 A2 AtoflA] giR
T AR R, Zoh XA 23]E0] Z7F 34.399
35.31, 25.163F 25.65, 36.803 36.93, 3.249} 3.63%= el
oh oFla, Jung(2012)2 SHAHE AlA0 wE IR 29
Zfolo] sl ALgE =zol|lA] thRGet AFY] i, e, 2
Alepof thal] 42.963} 48.44, 22513} 20.45, 32.999F 31.45 %
ojittal HIIstH o™, Choi(2011)= 5 A7lote] A|xst
AT 2o W =7olA 7 AgRo] 35.4~36.3, 27.2~29.8,
30.2~33.3, 3.3~3.7% HHoll UsleH, 7+ A HF Xo w
2 JEA9 594 Alol= ¢loitka Easkitt. Kim(1992)
A7k W2 A2 FAS A4e =2olA 54 o7iY
H IR 29 Z AHo| 25.88, 31.62, 36.23, 4.41%, pHe=
5.810]%10m, &/d7]7to] F71gtel| whet -2 Faety, 2
wl 2R Z51E pH7|F otk B89tk Van den Berg
5(2004)2 kA 29] EAE w29 sholH, A A
oIt AR F = POl 53~63%, pH7t 4.9~5.60] Yol
20 5pQlh & Aol FARE APE A2 o] ML}, A Qe
3 Kim(1992)9] A= #91e} vlsilar, B Aol Hlsiile= 4
2 A2 HolgloH, pHi FARBHAY T =2 A0 S
At 229 FAL Ufol YoM S S 5= =T, &
Aol AzE 2= Zf AR I3t Moon 5{(2015)9
oot 2RgHFAlo] w2 59 dRbdEol= Alo|7t giglem
VA 20 ARol= A YIRS HIXA Yok AR Helrh
URHH o2 &/ X2 pHE 27| 9 25 B3 24t A34g00 95
w27 Zhashy, A2 GAAY S5 ol QsfiAE kS
WS o e, i o] 7kl A 9 24 A1) 245
Z pH7} Z4ASHHVan den Berg et al, 2004). & AA7Lo|A A
23t IR 29| pH7F T S]] HIShA] thas A YERd
W2 pE ol ol Y W o vk wekEnh E3

iy

1
olejdt B F/MoE 2 Wast e Aow ol

2) QEXEL 2N

A Zo A FEAARE A0 7HEofut AkSkA Eafjo] ofsh A
A=t McSweeney, 2004). McSweeney2} Sousa(2000)= A
29| AR aAE ofd] X7 Qiekar et v led], 5
ZHA|9] LPL(lipoprotein lipase)¥ A1) pregastric esterase
7t diEAolH, m|eFslr|= sht fARET thE BFEY] lipase,
71et 991 4L ZASHHDeeth and Fitz-Gerald, 1995;
Fox and Wallace, 1997; McSweeney and Sousa, 2000). ©|&
A BE FRIAARS T AAE, oiH thE E4E #ofEE
A 2)29] o] FE X KA F B 4~10719]
AEPAto] 735t gk Kol (| AHARS ThA] thioesters, ethyl
esters, alkan-2-ones, alkan- 2-ols, lactones 502 E3f/A
HEjo] Zu)E YePAHCollins er 4/, 2003a; 2003b). ILTHA]
2= HE 2o} HwshE o S A9 fYATARS 2iekal
ok dEF oK Mallatou et 4/, 2003), ¥, AR 9 &4 1t
7, B4 o] Zpo] 5 okt Yl ol gt e #
RHojFR|= B3t Chavarri er a/, 1997; Jung, 2012). #H oA
ToA BAE 10X 29 FHAAE BAXE A EY Iyer &
(1967) I 2 49| kgt & A4S o] 1,949~
3,454 mg?] WS HAHHL SFA3L, Kanawjia 5(1995)2 &
2(buffalo)F-2 AXSE 870D &4 ITHA 29| F2|AHHAE Zhol
20.12~46.32 uM/g fatd] HYSE AT 51%9.2H, van den
Berg 5(2004) 67Hg" 1ok =9] £2jH A% 100g B 1.3
mmolo] Yukd £ZFojzta sHATE Leuven S(2008) 471
H IR 29| Y AAL ko] 5,895.5 ng/g2 #hS E it
2 BsHA, Jung(2012)Y] AtellAls 671E7E s/dH kA
29| FAREAEIAHAHSCEFA) ol 56.69 ppml.& UERGEO.

Table 1. Chemical composition of Gouda cheeses after 6 months of ripening

Moisture (%) Crude protein (%) Crude fat (%) Crude ash (%) pH
AMS-1 29.75+1.73 28.4610.15 36.16+0.16 3.65£0.03" 5.78+0.02
AMS-2 30.25+1.37 28.83+0.11 35.22+0.13 4.26+0.05° 5.47+0.03
CMS-1 27.87+1.17 27.98+0.09 37.97+0.11 4.150.06° 5.63+0.03
CMS-2 31.38+1.57 27.16+0.14 37.42+0.07 4.00£0.08° 5.59+0.03

* All values are MeantSE. Different superscripts within the same column mean significant difference (p<0.05)

AMS: Automatic milking system; CMS: Conventional milking system
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Table 2. Free fatty acid concentration of Gouda cheeses after 6
months of ripening (uglg of cheese)

C4 Cé C8 c10
AMS-1  9356+155° 37.9+05°  27.1+04°  105.8%1.3°
AMS-2  250.6+1.4°  745+05°  20.8+0.1° 20.0+0.1¢
CMS-1  3436+46°  28.4+06°  13.6+0.4° 37.4+1.0°
CMS-2  80.9£0.6°  20.0£0.4° 8.0+0.2° 21.2+0.6°

* All values are MeantSE. Different superscripts within the same column
mean significant difference (p<0.05)
C4: Butanoic acid; C6: Hexanoic acid; C8: Octanoic acid; C10:
Decanoic acid
AMS: Automatic milking system; CMS: Conventional milking system

), Park 520152 IhR|=29] G2 ARH4E &5Fo] 1~28 ppm
9] ®eloll AT Basitt. & Aol TR 2] [

= N2oA FLotA UEREANE 72t A2dE fERA
AU o] W LA R Holrt A 2ol thE
FEAAREF] ol B4 Agolu Aolg Tdstr] o=t
(Table 2).

3) #sHIt

/4 o71EE AR IHA 29 WsB7F 2L Fig. 30 AAlst
k. 7 FEol A FoHQl Aol UERA] Ydgkou, AMSE &
g He, 98T 59 FE0A CMSol| H]gf ¥ WPXE Hof
k.

29| = we- Bgeks, A=2vie tfstal(Tomasini er
al, 1993), <4378 S99 A, 3, @A Eofo] s JF=
W=t Marilley and Casey, 2004), o] Eaji}8L 95, Y,
AEHE AL, T2 SANHNSLAB), 71EF Aldt, 3°8°], 8%, &

Score
w

= = “ i o & &
o o <& & & & o N
2 i & o & g g:&‘
‘q@ ] & & & ?‘?
¥ &
BAMS OCMS

Fig. 3. Differences between sensory evaluation scores of Gouda
cheeses
AMS: automatic milking system; CMS: conventional milking system

4 24 59 o7 8=l Jof &2 & UrKSmit er al,
2005). E3H A2 E GRS 0ff o]&sl= AAY SFHLN, BA
&, NaCl, KCl 5)& oo F3kE vl2cHGuinee, 2004; Guinee
and O'Kennedy, 2007; Ruyssen et al., 2013). XZ9] £474
Zoll Ae] Eafoll oJe WAYoh= A AR JekskAY A=
Al WAfoll A e A= 150 F7HA] Tt FuE YEH
(Brennand et al, 1989; Collins et al, 2003b), o|&&lo} 34
A zof|H= FEAAte] Fulo HX= FyFo] FHotal(Woo
and Lindsay, 1984; Brennand et a/, 1989), &30 &A2=
oA+ methyl ketoneo] &83F 9Z o= ¥HH(Molimard
and Spinnler, 1996)°ll, ATk =U 119k FARSE EFollAl= 7H
H /JEo] gulof m2l= ARt gkl s A2l gkl Bt ¢l
tHWijesundera and Drury, 1999). ESt X290 A%-2 B8] %]
HhAE AR ofd2l, gulE Uehle X84 R & A9
T ol 2 Aol FAIRE IHARE ol A kel £
29l Zjol7} WA A AktHTable 2). Fold syt 2HE

205}, ZQuA0] ME QbR Hot Y, AZ L %

Table 3. Chemical composition, pH and NaCl of Gouda cheeses made at farmstead milk processing plant

Moisture (%) CP (%) Crude fat (%) Crude ash (%) pH NaCl
1 31.94 25.30 33.35 3.78 549 0.93
2 35.14 23.05 31.34 3.94 5.66 0.55
3 38.91 24.92 30.13 3.68 5.34 0.78
4 38.45 24.23 3222 3.50 5.71 0.19
5 30.95 25.10 34.59 3.76 5.7 0.54
6 33.80 23.52 32.60 4.58 5.49 2.05
7 31.08 25.26 35.44 412 5.73 1.42
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4 AT L] o] WEFIAE 2epale] T2 4
2] Zjol7} LA gk Aoz Betem, X=8a et
gpe] Aol QUoIAEL, Wuvt Aol Y AL g
AoE saHr,

2. g7l

1) S8 {718 10X UHHEE ZAb

49 Hs710IA Azt 1029 AR, pH, 9%
AZEIE Table 30 AT A1 A7+ B AF oA Lo
Ao} vl Hote w, AFIOA fojil ARz &
AAiks AR 20] ARk HolA HlojuA] e Aoz 1
et

A

Mro o fo

K

AA= A 29 BHEGE Eol= HHoE, Y2lo] B AZE
WZHA711, ol nEY 88E =51, A8E =01, &
BS 74A7)E 837} tkvan den Berg er al, 2004). A=
Foj=|9] Fujo} £, & A, 8 I A g, JAH =
Tt 5k, pH, ZH0l2 5k 50| dAAI] Y vlFt
(Geurts et al, 1972; van den Berg et al, 2004). Murataza
5(2014)2 0.5~ 2.5%9] =7} =& AR 2E A =25F 23,
Axo] Fae pHE FYHC=E TAAFA, Zxel mhajd
(crumbliness) RoPHARt Tl 2oz} F7kstlom, /g
49 Tk F7FoIHA Teg7el] Al 9k FUATaL
39t} Dugat-Bony 5(2016) & X Z0] ATE 1.8%, Al
T A2 1.3%=E Axst] nlE FHS RARE 23}, 519
S} 2891 Debaryomyces hansenii= 7448k, 13 243791
Hafnia alvefi= 57Votl o™, ©iid Hoff 343} oy o=

i3

2o FEE 0.15~1.90%2 thFotA A=3t 2y}, dxrt 744
5 A

P42 deghe 25T YHYLS F/RIOL, 25 B4
WS =
- =

4

Hok= QIRthy Bsi9ict. 2 Aol grg BA
o A3}, 7F A2 0.19~2.059] HAE BHE, 48 A=A
9] A7} 0.192 45 W3 RS AQJetd Ay AFST fA
3 0.5~2.0 29 FTE HoFt

il

2

2) B3 {718 1CHxX[=e| XZEM H|w
Table 40l £4% |71 &7olA Axgh 10k 29] TPA A3t
£ AAEFALE AE 3.82004 9.78N9] MHE HYow, R}
4L - 1.65%H -11.1371, 432 0.83914 0.97, 3314
2 0.34%H 0.47, B2¥42 0.05914 0.14, FZAIL 1.52004
3.96, A2 1.325F 3.719 H9IE HERHI. Jung(2012)
2 2 a7 54 9 24 o9l gRiou Inx| 2] 245
of g Eustied, 2= A= 59.65, 384 0.65, Mzt
A1 38.74, BHA: 0.67, AZHAL: 26.219) 3He HYon, Aol
ZHAHES AAT IR0 Hlof SR/, HE, AR
FoH oz woral, Arot vd2 F AT tol o)zt gidltt
I B35k Kanawjia (19950 ARSH fAkdol mhef 2=
X219l EAof| zlo|7} YERTHY H15t3 oM, Messens
(2000 119 A=)E x| R9] E4dof et AolA %471
o] Azl whet o] e E49] o7t FATHII 5t
Lee 5(2005) %73 7171 whet e 7Kt vhd, S84
U F2Hd2 Aozt gloitkar B gk vt gl

A 29| &2 ofg] §49] g0 o5 %477t B2
£, 3A 23AZ T2 5 Qo A 9AE A
1~2532 o] 7|7ol& casein®] Ago] 7I-EalEH

N, ol

T

0

kl

)

i)

o

o)

N 1P

-lOlA

7
Al

ok=
=

ol
—

H
A]

&

A

[N

>

g

=

Aol Wl 9 094 ulRE Pseudomonas fragi® 4 & = DA s dE 27 HrlFog o]FolAHA] & 7]9]

718 TSIk B stk Akkerman 5(2016)2 B34 A o] TIFo] A==t o] wizol 29| 4o] ZHastal, Tl

Table 4. TPA (texture profile analysis) values of Gouda cheese made at farmstead milk processing plant

Farm No. 1 2 3 4 5 6 7

Hardness 9.78+0.33° 5.68+0.33° 6.51+0.33% 4.06+0.33° 3.82+0.38" 6.98+0.33° 5.54+0.33°
Adhesiveness - 11.130.61° -8.03+0.49°  -10.62+0.61° - 2.06+0.49° - 1.65+0.49" - 3.98+0.49° - 7.13£0.49°
Springiness 0.94+0.03%° 0.94+0.03%° 0.88+0.03° 0.88+0.03™ 0.83+0.03% 0.90+0.03%%  0.97+0.03
Cohesiveness 0.40+0.02%° 0.45+0,02% 0.47+0.02° 0.34+0.02° 0.44+0.02%° 0.40+0.02" 0.38+0.02°
Resilience 0.08+0.01% 0.08+0.01% 0.09+0.01° 0.06+0.01° 0.14+0.01° 0.07+0.01% 0.05+0.01%
Gumminess 3.960.18° 2.54+0.18% 3.0440.18° 1.52+0.21° 1.70£0.21° 2.78+0.18° 2.080.18°
Chewiness 3.71+0.19° 2.39+0.19° 2.67+0.19° 1.3240.22° 1.3940.22° 2.51+0.19° 2.01+0.19°

¢ Different superscripts in same row means significant differences.
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AE2 AusiozA 2Ao] TotHAE -RAKITHCreamer
and Olson, 1982; Exterkate et al, 1987; Lawrence et al, 1987,
Jack and Paterson, 1992). A& Z&2 o] casein U &(network)
Afolof A 5ol 74 Sl FEjolw, Tl AR ohet A, &=
£ 59 oAM= g ¥=tKJack and Paterson, 1992). £43
o] Ao wet 22 EAE #oHA Hi=H|, Vanevenhoven
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