Ac 71ze) kel A

(Flavor development in cheddar cheese)

<ABSTRACT>

This study was carried out to find a cholesterol removal rate, flavor development, and bitter amino
acid productions i Cheddar cheese treated with ~cyclodextrm (B-CD) 1) Control (no homogemzation, no
p--CD), and 2) Milk treatment (1000 psi mulk homogenization, 1% B-CD) The cholesterol removal of the
cheese were 79 3%

The production of short-chamn free fatty acids (FFA) wcreased with a npening time m both control
and muk treated cheese The releasing quantity of short-chain FFA was lgher din mulk treated cheese
than control at 5 and 7 mo npenng Not much difference was found 1n neutral volatile compounds
production between samples In hitter-tasted amino aads, mulk treatment group produced much higher
than control

In sensory analysts, texture score of control Cheddar cheese sigmficantly mcreased, however, that n
cholesterol-reduced cheese decreased dramatically with npening tune

Key words & 28E A7, b-cyclodextnn, 2tk A=, 23

1. 4 & (INTRODUCTION)

Al BHel BH2EE FE BAERY 4Rl LAY dBBAS 7] WEo]
UREel 2HAEE SH2HEY J09 43S A8 3ok (Grndy et at, 1982 Gur,1992)
gebd, RAES MR AES FY2HE DA AT BT, 334, 4TIYA A} A%
o)A 1 it} (Kwak et al, 2001; Ahn and Kwak, 1975,; Lee et at., 1999 Szejtli, 1988)

W] ® =g Al fJshd $-f, 29 el 2Ade} AzdXe] gYxHE A
-CDol| 2}ste] 5o % o]F otk (Kwak et al 2001; Ahn and Kwak, 1997: Lee et al., 1999:
Makoto et al., 1992; Oakenfull and Sihdu, 1991) B-CD& F-HAolal 4goln, S&3|2]=] ¢,
oz HgFoln] HA FHT F 7] ol AFNM FH2EHES AAN AT £
& etk MR EsE 79 EY2EE ALl W] gl AzstFdAe A $

v dEstEolor vt AzrHFEAA TS o) BAshe JEH) Xz YA
2A she E93, 58 F4g0] aedojo} gih

1t :{o !‘L

sjjer He] @vtoll i A=A R A FAZE visre] - (Thakar, 1985), e} 7t
, 72 B4 74 (Emmons et al,, 1985) 18|31 AH4 ko) 7}4=3}(Jana and Upadhyay, 1993)

l~>
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€ 4ot BF, A2 47 EAA o]z} JlEu(Thakar 1985; Path, 1989), ol o}
vl A A2 fe] 4, 2%, @A 59 24 WEY Relth

Wz A} BRER(1995)E Ae] A" Atk Xze] el 9AHE s 9 A2
F e 2R e, 288 B2 283 A7IA A X2 AR "ol 2xf9 de I
oith. ¢ 2Y9] Tt +F g JEAE Hiled Fosiths Fgo)th 1
2y Fe2EE AAY 8E - FEH - A4F 5Ad diF p-CDH o FAste] F
o geire LT 5 U= AR A9 ik (Atbige et al, 1986; Kwak et al, 1990)

aJ¥Ez B AT BAe 3488 $H9pCDA g8 FH2H o] Bl=EAE
Z8a, SA2HE0] S AT Az=o|qo) o) A Jlg B9, 24, 22 B4
o WstE A Agelt

2. A g9 WH (MATERIALS AND METHODS

1) A B (Materials)

Megtfr FAF FRE7IR)22RE A5 A7) 35% FANCE 2EE EXRE
AEE AT FYE BCD(EFE 9.1%)E UE £F3 FHFRAHEAZHRFE F)8eith
Y 2HES 5-a FHLEQL A2} SRS Louis, MO, HSHEFE THIAL, ZE &
e 7k A Y Sl

2) S-4A(Milk treatment)

ulgke] A$-#E 1000psi(HC 5000, Microjluidics Corp. Newton, MA, ul&)o)x F23 =90
™ 1.0%(wv) p-CDE M =AUt EFES 4ToJA 108F¢ 2571 Aojd 2 oM Y
7\(Tops: W] DA HQATh 2 MEE 108 B9 166xg2 A4 EBHMR-220IV ;3444 =)
Atk (Lee, 1999) ZE AHELS A ¥ AAHAT HA 4 Fo p-CDAH2IEA g1 w4
53} A71A] G AEE AoTLE AMHAT A= i N2 OE7] A 172 F
F 72CoAA HEHAT

3) Atk xj=9] A2 Manufacture of cheddar cheese)

ial*a] e F7(15kg)7t 36 CE 7HEH AT Atk J=2E A3 312H¥ mosophilic 214+
z7] A7t AXE BF 58 2L Bo] 74 IAHAL =g v=E AL fx
8¢ v AER(1994)9] o8] dd W 2ot

Az o gEd X2 FAE A F, A 7P 2F 2A450] 01,3712 B¢ 5TA
SAHAT Y AEFL 12417 FF W] AT Ro|th A= vles 4P g2 4
He)HgE o] 43 thE o A W AIFHATE N2E e Zzbe] dZAE 33 o) A
W AA ]
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3. ZY2HE9 £ = (Extraction and determination of cholesterol)

FY2EEL ofgart A% Wil sp-CDMEE A2ERE FEHUL £4 A7t
A 20CN HaEth AA FH2HELS sdoleBAYE AXE FHAAAE 5804 7t
2 Az BA718 ALE-stei(Palo Alto, CA, W) AHE]Eo] 8 ZAIHHP-5,30m x 0.32 mm
ID x 7] 025 mmelx SFIU FA7 GA7]9] 2E& 747 270T 2 30T 2
Bo £TE 10T/ min® g 200T-300CoH A 208 B¢ fAS =S 259k

Aze 1509 &9 2ml fFEEAN AEUARE ALGANT SY2EHES YFEY
2 B3 393 YRIIE e-E vlustd AA S EpAHEY #4 HAEE oS3 2
o] AU

2

EY 2 E FAE%) = 100 x B-COAE A= FH2eE & x100 / M2HHA &2
29 FH2HE P Aol tig FH2EE AL 4 dBAE BFE AR

315 A B4 7} X =AM HAnalysis of chemical composition and yield of cheese)
B3R B(AOAC, 1990)9] WHHE ARS8t Azo] 8, A%, dild, 458
Atk K= A wi cheese x 100wt milk 2 T3Th

l‘l

M

2) & 3 ALkl E4(Analysis of short-chain free fatty acid)

AzZAB(1HE 01374 B¢ S48 ANz=RE FrFog wolum, 2415
dietylether9} hexane-S- ©]-8-8] FZ&Hlom, Z(190)¢] =& 43E AAY F4 ¢FvUE
EF3he 10mm id FEFES T HEHAY Sdolegx st 4AE FAAAE =g
5880A GC7} AH&-Ech 15m x 0.53mm id. Agl&o] §8E ¥ A THsupleco inc)g o] &
& FFAE Zvslglch 2AE o8& & 18 %o 1H0TE X311, 108 £9 5T/mnC g
180C7HA] && & 2083 FAAHh FY719F gA719 25+ § o} 250Coith

i

BHL YRIZ B2 2} FFAS) 3P tradecancic AHo) RAY AT DS
of AN 7 FFAE 712¢) fAAZeR Aol Hgic,

it

3) F4 AR E4(Analysis o neutral volatile compounds)

Azo] PE@0gyE 0137 /MY T S48 AN22RH FU)Hoz dojyon ZR4
10m1E H¥ch FHE 2mlie vt ES o =2(1975)04 A%e A w2t =
MEE AHEESAT ghgol2 BA7I7F X E FeHAs 29 7880A GC7) AHE-H QAT vl
7t 7B ES 2 A Supelcowax 10, 30m x O.32mm 1.D. Bellefonte, PA, USA)0. & 843519
o ZASEe AASWtA7E L2mimine® $Foly, FAVIAE 300mljmin, F7)E
300.0mymine & 2ol AdefolA FAHACH -7%%37]9% #2718 £EE E o 230Te]|9
o EA# 28L A £x9 £Fd 23 Zgad ged 27[dE 35T/minoA 52 Eot
A8} 15C/min e 2 150 c%z} e O 30870 FAEET HEHE vEEE o9

1 559 talAA] g2 78S TYE FEEE TP A2QYT L BAslY A

z &2
ATk F HAtele] zpole Zh HLEY FEEE ANl ol &dit
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4) A obn]Ake] E4(Analysis of free amino acids)

FAAs®] RP-HPLC £4& Izco WH(2000)0] we} o]FojFch MEES B 29 600pum,
486 =74 F4457] 254ume) HPLC Aladle g e deUyd L2ZEY g ALE3R
Tk §& Waters PicoTag CI80] 2R3 W) J8e] #& 46TE FASA. ofnibe) 7
HL M e WREFS H71Th (sigma, st Louis, MO, USA) 5 £1j9] zjo)8 WEL B
Agled o] 8-tk 89A: 70mM oMEOlE UEF, Ph 6.55404 ol EA 25%9] olAlEY
EYS 2, £9 B 45%9 olHEUEY, 40% &, 15% Wee, 7218 FY517] Mol B
Agvlo} 283 HY AZTh

5) 582 #4(Rheological analysis)

YEFY AZS (AE 2em x =] 2em)FehA], Y-Ad ABE 50mn/min®] crosshead9}
200mn/min®] X}E ST oA SUNHFA (CR-200D SUN Scientific co. LTD, Tokyo, Q)& o] &
i du o] ABERRE Ax, B4, A%, 22AY, 43l AEE TIT 924 9
9 7128 54€ 289

EXHAE, dgAEXEes 7ot

6) 573 HSensory analysis)
A we FdE el 2Er} 4o ¥A " A2E Hrgidh 479 A FH e
95FoE HUEIAYh (LEES, 9 i 5 gt A M=o gre] A, Ax, &
e
]

AEE 95HLE UFY (=92 A%, =& 4%

7) BA% ¥4(Statistical analysis)

Az +dgd HHxA AL AT dolHEAYE one-way ANOVA(SAS Institute Inc.,
Cary, NC, USA, 1985)& AH&-38th 2% $2EE A FRAILSDEHZE o) £4
St} p<0.05¢] xpole Fasdtthn QT

4, ZAE(Results)
1) g4 2HE AALSH
o) AF1E Atk A=

H] ¥(Cholesterol removal rate and composition)

)Zo) olH BHlzHBe AN ARY 23 21, $449 &,
23, 7444 £48 5457 dFelth A 209 7t EY26E Hue HEL A
T A7 A& AAE 23 gtk old] wel, EY2HES FAFLERE -F98-CDA
2 e la, B2HHORE A EY2HE WEYG A2t VIEAEY TEEA $E AE
2 vy ok

FH2HE AA #Y T EU2EE T Aole Hlol eItk Aol Xz &
HLEE FHFL 1023mg100geith. 4P A2 FY2HE Tov AZHE 1000psio]
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A g4 9, 1% B-CDAT ) 79.3%0] o]tk $gl o]AAFF T 2000d Aol
e made =9 Zy2HE Askyt 639%0Isith At 2= Wil slejA g2
417%, A& 340%c)Ack AR Atk (=9 = f wWFE e g Fhe Xz
FEL Z7RIZIT AolT B 4P 29 o] @ A @] ofsiM 22 d7Beld
Aro] APAZFHZANN BojA Ughy) WEolth AWEAeld 277 A% ARt
P-gld JENS AR O 99 FHEC] Hrlde UF H7] it

7!

o

N

2) ¢-f #3(Curd observation)
FAS @ $HE HER APYF A2Y SHT dET 20 A2AY AT 6 7=
29k olAL FA3 F $H9 Boyclodextrin A3 o] i Th2 B il(metamer and
Mistry, 1994 ; Emmonds, 1980)¢} Hjs28}rh

AolFe] NzRoh #Ad3 & Nz2dME $17t o BLHs F2EFE £ 5 e o

AL 449 Mg £4DE 2HANET IR, YT A2 RS TS 7]
QBT 3 olfe FA 49 B $IE S $HAPY LBoIE FAANT A% 7

Table 1. Mean chemical composition of cholesterol-reduced Cheddar cheesel

Component Control Milk treatment2
Moisture(%) 41.3a 41.7a
Fat(%) 38.0b 34.0a
Protein(%) 28 2a 29 Oa
Cholesterol removal(%) 0.0a 79.3b
Yield(%) 1086 12.5

1 Means within a row with different superscript letter differ (p(0 05)
2 Means of triplicate

Table 2. Concentrations of short-chain fatty acids in cholesterol-reduced Cheddar cheese at 5C for

7 mot
neni FFA concentration {(ppm)2

Treatment Pleaedn(mg)
eriodimo Cs Ce Cs C1o Total
0 17.8a 16.8a 20.1a 19.8a 74.5a
Control 1 18.7a 17.1a 21.7a 24 7b 81 9b
3 18.5a 17.5a 21 ba 26.0bc 83.5b
7 19 1ab 17 ba 22.0a 23 8b 82.4b
0 18.0a 16 9a 20.6a 21.0a 76 5a
Milk3 1 19.2ab 17.0a 21 3a 24 6b 82.1b
treatment 3 21 8ab 17 3a 22.5a 27.7¢ 89.3¢
7 22.8b 17.6a 23.2ab 27.1¢ 90.7¢

1 Means within a row with different superscript letter differ (p(0 05) Means of triplicate
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2 C4 . buytic acid C6 . caproic acid C10 capric acid
3 Homogenized at 1,000 psi and treat with 1% p-CD

3) e wEle] FAAHFFA)S] ¥4 (Production of short-chain free fatty acids)

e mEle] Fapgste] Atk Xz we] A AE ol F3 Jvke e F 4 AR
ojtt. whekA Fe srEle] TR 335}]94 B4E Aste Aol o] AT Fag #FoIth
e me)e] F Aol 48 5T TAE Bt SAAZ Aot AT A=A
TA3 8 Xz ZAt g4o] Aol B o w4 FEHAT 7RES £4970% F &
& 074l A IHE7AA S 71EEES Zpelrh a8 A &
ok a2y 3R ERE #e uE F A £3E A get 4718 7€
butyric acid(C4)$} capric acid(C10)2] &8 Tkt Zakol Z7lo] 28 Fuh. Ao 7
& B Aate) 232 719 A 745004 824ppme 2 FMeHETE ¢RAEE & A4 76.590
A 90.7ppmo 2 71Tk $19 dide $RAHEE § A 40 o e JPPE vIEA
F0h AN Aabe] A AZAZBAA FESe] oA A7 Ao A2 Al ¥
ol fA Folx Vg F ieE& JHgEl B 4 sl

R
[

14
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24 O]Zd.?. lipolysiSQ 5 } Hﬂ%olﬂ’it}l ‘3—?& O“?Jr- Tvr«} 313}2117} 7HIs Ad 5
golg Al Abdolth ks BAE £
¢ wdste SRt hpolysls?g 70*0}711 S/ BE %o B 7HE g Atk

)AL A} FAs) N A4E TE F 7 W) Wi HbM dirHos
T Akl 2% 842 AZAHARAE 29 gt glojx FAE A T A b
-CD H2l9] 982 gleA 2uHBE o] o] d7oA Basith

o] A7 F Agite) FFE Ao Bk TEY B $FHE AT A=A w4 UL
t}. o] Aze p-CDA} HL nEY F APREE FAY flolA ¥ & 5 A ok
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Figure 1. Change of acetaldehyde production in cholesterol-reduced Cheddar cheese
npened at 5C for 7 mo.

4) NVFCe] XA (Production of neutral volatile flavor compounds)

NVECS] A4e A=Az} 4004 BCDAY #2 Ao} A ol 2di20lMsh 2
o] Yehdt.

AolE-& 0L A oHELGH S =7t A EAHA dvirt /4L A 0.778ppm7hA] A}

Ao Zy1gch vias Ry, FAsE $7E A3 X2y AE oMMEYH S| =Y Jho] 2
ZleReA 9] 0L EE 023ppmo} 3 70 AE 0.59%pmo 2 A F/HE Yo

O

gEE AL Tt lojx] T AFA Hlsd FIS BAFT S0 (2¥2) 074
g olF Adgg AAHL F A=A Y A2 Z4E 222 AR FUHEAT AT
168ppm, 37 133pm) F3)M HARE T2 NFCe dimenthylsuﬁde acetone, ethyl acetate,
butanone, pentanone, ~1%] 3l hepatanone©|th. 37R¥ <Al uf o] AREL w477 o E 37}
At ZFARloA] B o]E HolA] gEth o] A7 NVFC7} Zﬂoi:\fiﬂr H WA Ze s
HEA8 Atk A2olM F718kA] ¥F-E BRAETh
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Table 3. The production of neutral volatile compounds in cholesterol-reduced Cheddar cheese
ripened at 5C for 7 mo 1

Ripening Dimethyl- Ethyl-
Treatment] period . Acetone | acetate | Butanone | Pentanone | Heptaone
sulfide

{mo) {ppm)
0 5.30a 7 90a 4.10b - 5.97a 2.87a
Control 1 5.31a 6.80a 3.02a 1.19a 5 67a 2.66a
3 5.00a 6.87a 3.09a 1.22a 5.70a 2.68a
7 4 71a 7.79ab | 3.02ab 1 17a 5.64a 2.67a
0 5.43a | 6.70ab | 3 31a 1.21a 5.69a 2.69
Milk2 1 5 28a 7.12a 3 44a 1.22a 6.30b 2 87a
treatment 3 5 6ba 7 10a 4 23b 1.25a 5.68a 3 62a
7 4.72a 6.94a 3.11a 1.18a 5 64a 2 66a

1 Means within a row with different superscript letter differ (p{0 05) Means of triplicate
2 Homogenized at 1,000 pst and treat with 1% B-CD

200
160
£
8120
i)
fung
& g0
(i
40 ~o— Milk treatment
0
1 3 5 7
Ripening pernod {mo)

Figure 2. Change of ethanol production in cholesterol-reduced
Cheddar cheese ripened at 5C for 7 mo.
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—e— Control

|~ Milk treatmen

2-ethylhexanoic acid {ppb

Ripening pericd {mo)

Figure 3. Change of total amount of bitter amino acids! in
cholesterol-reduced Cheddar cheese npened at 5C for 7
mo. Bitter amino acids were Asp, His, Arg, %, Val, Phe,
lle and Leu summarnzed from Table 4.

5) FAWAFY Alak(production of free amino acids)

4 TRE T ALY F AT FFL H49) 2 U*%l F A B 4 713
A @25 AR $R7E ol Rl BA Ut 7Y 871G F AN B
AjofT-& 12080]3 APTL 212.3 moljg oIATh DY ofveit Ao FEH A FEEL
valine, phehylalanine, leucine, lysine7} B8 MEFoA FE o]F Yt lysined] AFL -3
IENM =} glutamic 27 leucine2 Ao}l A Estt) B-CDA el e} FH3E +/E A}
&34 e A2 $4713E }91 £ oprlle] FEL Y3 B nhe 2ok & o
Eake] & ANFL AETAAM 458 YTk o] A FAA Ao glojAM HE ¢

E MM A2 o e ‘35’5}3& A& 7FE2AETG

A )
oP,I N
fo &

A

r

3

Sii

:10

6) 583 E7(Rheological characteristics)

g2 49 loAM p-CDAM ]9 TRt T #So) vellek FAstE 79} 1%
-CDAZE A28 B¢ A= QoA €53 vk Aojre B¢ FAEE $4 37€ A
A 6782 S7HAE O oS FAHAT: ABE 4 0149 Bt Ao FAEE 377
49 Fdg @ 79 2FH vissith dME Wk 4FE Btk AojTolM Be
AR AEE VigdAMx ‘%}74%} T AT o] HEL H&X 5 YoM dA}

N7 SHE BE A27} ME $4¢ HYE slEAEY

7} #5574 (Sensory evaluation)
ZHLHEANG A} A2 ZAEAE H6x 2ok FHFAS Aol AS HaA 5
ZVIARLA 433 SARAT AN $/2F9] A$E 0014 THLEAA FaPT o)
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Table 4. Production of free amino acids in cholesterol-reduced Cheddar cheese rnpened at 5C for 7

mo
Ripening period
Am}n0 0 mo 1 mo 2 mo 7 mo
acids
Control1| Milk2 | Control Milk2 | Control | Milk2 | Control | Milk2
u mol/ g cheese
Asp 069 096 149 213 3.08 410 3.80 6.58
Glu 302 589 11.01 130 21 43 34 24 23.51 40 20
Ser 0.43 0.53 059 095 110 4.35 164 5.49
His - - - 0 45 0.53 1.20 121 318
Gly 0.29 0.91 160 233 314 4.77 396 6 59
Thr 120 1.33 1.26 142 193 421 239 619
Arg 013 127 2.48 2.63 2.74 2 67 2.81 311
Ala 129 2 90 294 3 96 3.72 7.57 5.70 10.93
Tyr 048 061 106 131 104 1.38 1.08 1.53
Met 0 33 0.57 056 104 127 3.15 2.13 4.34
Val 1.38 2.90 4.65 6 63 11.35 15.34 13 03 19 01
Phe 0.95 342 5 58 7 89 11.83 14 33 12 62 18 72
lle 0.54 0.82 1.22 174 4.21 6.36 360 8.53
Leu 2 49 5.63 9.41 14.98 23.60 27.38 28 04 36.90
Lys 212 3.71 4.49 5.91 10.33 15.56 16 566 40.95

1Control,

2Homogenized at 1,000 psi and treat with 1% B-CD

Table 5. The textural properties in cholesterol-reduced Cheddar cheese npened at 5C for 7 mo1

Ripening - . . .

Treatment period (mo) Hardness | Elasticity | Cohesiveness | Gumminess | Chewiness
0 559,938 64 8 475 3415 227.0
Control 1 1,083,846 76.2 60.6 1,145.3 872.2
3 575,631 76 4 67 8 824.8 646.1
7 546,116 76 9 67 3 451 0 347 1
0 552,151 77.7 67.9 538 1 238.9
Milk2 1 627,690 79.1 69 2 615.9 487 .4
treatment 3 895,676 70.9 56 3 717 3 508.9
7 7,886,133 4656 34.5 3975 188 2

1 Means within a row with different superscrnipt letter differ (p(0 05) Means of triplicate
2 Homogenized at 1,000 pst and treat with 1% B~CD
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Table 6. The sensory characterics in cholesterol~reduced Cheddar cheese npened at 5C for 7
motl

Ripening OQverall Flavor . .

Treatment period (mo) Texture flavor intensity Acid Bitterness
0 1 Oa 1.1a 1.0a 1.1a 1.0a
1 2 Bab 2 3a 2.7a 1.4a 2.0a
Control 3 3.3 3.1a 3.0a 3.1ab 2 6a
7 5 6b 4.6ab 4.7ab 2.9a 5 3b
0 7.7b 2.4a 3.0a 2.3a 4 9b
Mitk2 1 2.0a 3.4a 3.4a 2.5a 4.7b
treatment 3 1 3a 37a 4.1ab 4 3b 5.0b
7 1.6a 5.0a 5 9b 6.0c 6 7¢

1 Means within & row with different superseript letter differ (p(0 08) Means of triplcate
2 Homogemized at 1,000 psi and treat with 1% B-CD

AEHog o] d7E Avk N2 FHLHE At A28 A4 -CD Art a5
Y& At

)
o

£ A3 p-CDAMEE At =AM ZHY2EE AA &3 %] /i a3 2 ofvxe
E24& 2AE Yolry] H3td AFHUT . 1) Aol (23 ¢ B-ChAYE ¢t 3 2)
F7HE(1000 psie] - FA3 A2, 1% B-CDAHE). X29 FH2HE AA && 793% ©)
Ak &2 229 FAMIHEFA)E Aod A=9 g $/E AR X2 FHoM 44
Zholl wiet 71t 5-7E sAA7 = Fe 1 FAE 4] B8 #2 Mg 2
L82 gtE X227 Aod AR o Ho 49 I E¢-Emeutal volatile compounds) 2]

fo

oo

Ade MEETA 18] Aol oA &tk &%) ofvieitd $F 7tEE HolM T B
o] AAHNT. Azt BA 2l 1110151 Aok Az g2 Fee 498 FIIAA
Y 2E g0l Zad AzdMe AT w2t 43 FastHnh

A7l ¥ -CD AFdE +F2 TEold A=2E &3
2 S ZHE s A= $A0] WE yid], §-CD Aol 2Ag %o Ashke grie e
o)

Key words: Z#|2~6lE A A, B-cyclodextrin, |t} X =, F23}
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