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ABSTRACT

Consumers primarily consider flavor when they take yogurt. Recent researches on yogurt flavor
productron its analytical technique have been extensively developed. These studies have provided
a better understanding on the role of starter culture microorganisms on flavor formation and degra-
dation. Yogurt volatile flavor compounds produced by the lactic cultures include acetaldehyde, di-
acetyl, ethanol and organic acid. Among them, acetaldehyde is recognized as a principal flavor
component. since yogurt contains a delicate and low intense flavor, mild sample isolation
techniques and sensitive identification means might be used. This paper attempts to discuss recent
findings in yogurt flavor and to describe the application of yogurt flavor separation techniques,
The section on practical aspects of culture selection based on flavor compound production and

flavor analysis is also included.
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Q7o o8l Bag upo] mEw dA % 60714
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2493tk &Y F23 FE5AHAAM 53
W3l BAY 7Aoo B4AAE 98 F
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Ay, 4279 2= & $RHLE 19
HA BAste Aol Fase, Yogurte] 3w
AR BAste Wyoz guryez GCE 9
23} headspace analysis7} @4 7b3 %o] A&
512 glov, yogurte] & FE7L %] o
o headspace analysisE 321 A|&E 7143}
o) ul ARl 3uA (volatility)& F7HAIAF
g Fu|gdee HIE AL F JoER
20 ZFFo|L A%, ATEA PPES ¥
A & e o] e Aoty
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olB¥, 47t A APHIL e yogurtd
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Ay e Esked) 2 240 Ao,

II. Yogurt 2tojdEo] &4

Yogurte] #ulE ZAAFo] $48 RFdle
F< AAEE 384 carbonyl 3H3HE 719 E
o}, ¥ 2 3F)iA carbonyl 3FEZ = acet-
aldehyde, diacetyl, acetoin(acetyl methylcar-
binol), acetone, butanone-2%°] 9129, 53]
acetaldehyde7} yogurte} gu]dl] vl X & 4o
7}4 =t} Acetaldehyded] =71 AR 7+
de AAHA Fug FYHUA 39 F2
yogurtd] #ujE RojsAg, Ao Fpde
g WASAZTA yogurtlike FE green
flavorg} 742 £ & Fu g L4, Yo-
gurt?) starter cultureZ A}-4-5|= Streptococcus
thermophilus$} Lactobacillus bulgaricuse 3133}
A (glycolysis)-& %3 glucoseZH-¥] pyruvate
o} acetyl-CoAE A& ¥ acetaldehydeE A
A3HA Y, threonine aldolased] 42 = thre-
onine & 2 XE acetaldehydeE AjArgit}o(Fig.
1). 99 338 WS A%, L. bulgaricus7} S.
thermophilus LT} acetaldehydeE ¢ & AJ4ds}
A5k, Shanker?e EFFFE 4% A4, o
Hu o] acetaldehyde & S. thermophilus7t A A+g
b1 B3sgch, @A 2RE acetaldehyde &
AR 71RL& Lactobacillus®) StEHA A
© proteinaseo]] oj3] @jAo] ¥ =] FAHE
threonine T+ methionine 3§ peptideEo] W
23 3 Str. thermophilus®] peptidase$} aldolase
o] 2402 acetaldehydest A Bt =3 2
2b39] gojabe AT $7 acetaldehyde
AR = T8 JEE g,

Acetoin} diacetyle $&&Fd B0+ cit-
rate($-§ 123 ¢ 1g)7} Str. cremoris, Leu.
cremoris, Str. diacetilactis 5-2) RA ) o3 A
g, yogurttt WES $& Fulg FYdte
g 43 o] gt} Citratex citrate lyase
o] 93] acetated} oxaloacetateZ ¥3|H ],
citrate lyaset citrated] 7] 534G AM key
enzymeo]7] W&o AaFdH g EA
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Fig. 1. Pathways to acetaldehyde by yogurtsta rters'.
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ruvate2 ®th o] whgolA diacetyld pyru-
vate2HE acetyl-CoAZ A FAHY ace-
toin dehydrogenased] #&& o} FA o
acetoin® 2 HEu|, $4%9 citrate= NADH,
o] AAQo] pyruvate2 AFHs| & di-
acetyl A4S T £ 7]F o] Brjiew,
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1. Starter cultures®| &7

ANF AN e FrIEES “a‘.‘i
o] o]gsE #Fd uhA EFAYID. Y
gurte] $lojA starter culture®] ¥ 7t Eias Ag
Ao nxE& g dotry] 93] Hamdan 57
& L. bulgaricus$t Str. themophilus®] E}FF9
z}zbe) B FF S A3t yogurt & A2 F
45coAH AAEAA acetaldehydes] FFS Al
e 2359 HFg. 3). 2 43 ¢ #F 2
yogurt® A=Y 7%, L. bulgaricus7t Str.
thermophilus BTt ©] B %< acetaldehyde&
ANEA G, EFFFE AL duge 3
2 kg ARG A7tA Y 7S B5F 5AZE H
¥ 5 H2A ¢ acetaldehyde FFE tEhARL
2 2 o|Fle BadgeH o] Aste Petter
w3} Bautista $wo| BAT F 274 34
BA G s Fo}, £% Beshkova F9% L.
bulgaricus$} Str. themophilus®} %59 2+2
o] gl FF & Ag-3le AZE yogurte] Fv]A
o uwslyth L. bulgaricuse BTG} &
gz BToAM wjYg %7)d acetaldehyded]

Oxaloacetate + Acetic acid

Pyruvate + CO;

2 Pyruvate + 2 TPP ———» 2 Acctaldchyde-TPP + 2 CQOq

Acctaldchyde-TPP —————» Acctaldchyde + TPP

Acetaldchyde-TPP + Pyruvale ———» a -Acetlolactic acid + TPP

a ~Acetolaclic acid —————» Accloin ———» 2 3-Butancdiol

Acetaldehyde-TPP + Acetyl-CoA

CO:

»Diacctyl + CoA + TPP

Aceloin —» 2,3-Butancdiol

Fig. 2. Pathways for enzymatic conversion of citric acid by Str. diacetilactis and L. citrovorum'.

—63 —



25 ~

20 4

—e— L. bulgaricus + Str. thermophlus
15 + ~—0— L. bulgaricus
—v— Str. thermophius

Acetaldehyde (ppm)

o T — v T ~
o 2 4 ] 1] 10

Fermentation time (45°C)
Fig. 3. Acetaldehyde production by a single strain
of Str. thermophilus, L. bulgaricus and a 1:1

mixture of both”.

Aol a3y, MY 2407 Mg e
acetaldehyde ##& Yeplidov], EHEFE
o] &3t Azxd yogurt]A 158 FE acet-
aldehyder} ¢ o] A S EFFFE o
L3te] A7 B¢ MER A4S 174 20pmE
H 19 acetaldehyde & et At} Pyru-
vate7} }F 0 2 A= of A Xof i3] 5424
& Ukl A9 JAREL o] F ol &3y F
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8} gAHE AES e o), acetoin® St
thermophitus® AH4 TREFY BIFEAAN
o AT, 2 g slojME & Aolvt
At} Acetones 2-butanone?) A4+ AN Ao
2 & Ao|E JehA stey}, Str. thermo-
philus FUFFY 74§ L& 279 F7)9& A
o} A=A okt

Acetaldehyde¢] 987 & A& lactoses}
citrate& $A2 02 A 4= 917, o9 o}
] = AH(threonine) ¢ A ¥x= Azt 4= ok L.
bulgaricus®} L. acidophilus= threonine aldolase
8 BA4-& 7FA 3 919 threonine & 2%-H acet-
aldehydeg AASIAW, L. acidophiluse acet-
aldehydeE& $Yslo ethanolg AAs= al-

cohol dehydrogenase& 7} $lo] acetalde-
hydeZ ethanol2 wutEo] WEls] o] L.
acidophilus2. yogurt& A28 7% yogurt9} F
8 Pm) ¥ acetaldehyde] §Fo] ¥4
A E9] gujo] Aol Az},

L. bulgaricus= & gFo] Hls] acetalde-
hydeo} MA o] 438} L. casei, L. brevise, L.
plantarum& pyruvate 238 t}eke] diacetyls
acetone$ A3}k yogurte] ¥l JF& v
1ohe Yogurto] 9lo]A diacetyl®}t acetoin?)
A& 338 AL Yoo, PFH L2 acetoind
gtgo] diacetyld] ggrcde A3 gd. of
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(a) Modified method of manufacture
(incubation at 42°C for 1hr+30—32¢C for 5~6hrs)
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(Incubation at 41~42¢ for 2~2,5hrs)

Fig. 4. Influence of Str. diacetilactisculture on the
diacetyt and acetaldehyde production in yo-

gurt?,

—64 —



Table 1. Free volatile fatty acid productions by a single stralu Str. thermophilus, L. bulgaricus, and a mixture

of both®

Volatilefatty Sterilized S. thermophilus L. bulgaricus L. bulgaricus+

acid(ug /100g) base milk S. thermophilus
Acetic 460.0 960.0 1120.0 1720.0
Propionic traces 60.0 traces traces
Butyric 500.0 680.0 860.0 890.0
Isovaleric traces traces 80.0
Valeric 120.0 - 240.0 290.0 340.0
Caproic 360.0 540.0 680.0 780.0
Caprylic 200.0 230.0 280.0 390.0
Capric 170.0 220.0 190.0 260.0

F EAE TEAGAFEY o FaT JE
B yogurte]A] diacetylel F4&%F Ee 0.
9ppm A= FEJI AT =€ F= I
£ A3}y E3| acetaldehyded] ko] 3
2 g o] F EFY FEL FLRIT, o]
Z2  Str. thermophilus®} 8] AAHH2Z L.
bulgaricus$} Str. thermophilus®) EZFFY A%
o] &9 v} &9 Y3 = diacetyls} acetoing] I
go gatd ¢ ok, L. bulgaricusts 30| %)
acetoing QA 3led, o] AL diacetylithe
yogurt®] Fujo] & &g FA gt Yogurt
v ke o) Str. diacetilactisE A 7}eHH diacetyl 2]
FreFol Fig. 4914 A ¥ F7tatA Aoh,
Yogurt®] F2 ¢ F0]Ad £ 3 Ak
Z 59 X starter cultured] FFo| ujp &
A e, ol Rt o8 o] st4Es
ol WA Fal AWt o] Frtely] o E
ojt}, dutAoZ acetic, propionic, butyric,
isovaleric, valeric, caproic, caprylic, capric
acid7} 2 WA HY, acetic, butyric, capric
acid9] §H&o| ®3, E¥FF/ ddFFEG
g Agate] Aol gop(Table 1),

2. Hf Qb =74

Yogurt A ZA], starter cultured $Go 3

7vste] Wi s wjo] =9} pHe A4 9%
FojgAe) gL vAA Hed, gnier
acetaldehydes ARz Z L&A A7
o] g AAbo] & s}, Hamdan §70] A7}
A starterg o}-&3ta] 4C9} 45CHAA HIYNS
o, 29 45Co|A acetaldehydest o @eo] A
AE9x (Fig. 5), Bills¢} Day?+ lactic stre-
ptococci®] dehydrogenase’t A-2oA 8433}
5]7] W&o} acetaldehydeE Ealiatd 2 ¥
o] A%z gk =F Keenan 52
Lactobacillus sp. ¢ dehydrogenase &4 ¢] t]s)
B8k Yogurtd] FujdE ALz A
Tof o &, Yuta o2 pH 50404 F94
5ol Aao) A12+E)3, pH 4.4~4.3(42CHA 3
AR E)NAE F43] JA&Ert Sttt
a2 olFE A F7h7h dojukA] ¢ pH 4.0
BN AsETY, oz @G ot
pH 4.5 E2d X & pyruvated] §57F 27159
acetaldehyde AJ4to] ZuraA|t}r} 1 o} 3}e]
pH7} I9 acetaldehyde A4 ¢ At &4
Eo] 843 H7 fEQd Ao g Agddhe, 71
2 A3 yogurte] Fole BE pH 4.4~4.09)
A 23~41ppm?) acetaldehydeE $i3t3 Y&
W) PA P,
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Fig. 5. Acetaldehyde production by three different starter cultures?,

A : seven hours of incubation at 45C
B : 4 weeks of storage at 4C

IV. Yogurt &njMd&2| &4
1.

dutA o2 yogurtd] 3Fv] EAe] 7HF Bl
AFE-H = 3242 headspace 9} simultaneous
distillation-extraction(SDE) ¢1 1] yogurt 2] ]
e o 7est ¥l i e A4S
gA7)7] 9o A8 dAE v} wEA
o] AL AAE FrAREY A ¥ Hert W
39 artifacts® FAT F Jorz A9 7}
7He L3g AN NES Meste WEe
Fotglol & Warst Yo, Ywtz o2 closed
systemo A} Y& ¢} headspace volume$: syr-
ingeZ 33l Wi < static headspace analysis
g gkl ol el A% R ALY A 4
g 9AE A HER YN dF8 EAH
Eo] w34 ok zeh} purge-and-trap Al
83895} dynamic headspace analysis& 7h&
g Nad FJ&e FdH A8 FHAUT Y
zhke] £ 3 GCo FY3 HEZ static
headspace analysis(Fig. 6)¢] vls} A4 Al

Capiltary Interface
—_—
=+—-tLiquid Nitrogen

DB-WAX Column
Mass

Selective

Detector

Gas Chromatograph

@\ 59 -

Carrler Gas

Sample

Fig. 6. Fig. 6. Devices of dynamic headspace analy-
sis of gas chromatography and mass selec-
tive detector®

22 YT 4 gonz I o) @A)
E EAHES H2T 4 U, Laye® s} Im-
hof» 52 0|23 W& o] &34 77} 239 33
71 2] yogurte] FwAE-& ¥ W= acetalde-
hyde& ¥]%3te] 2,3-butanedion, 2,3-pentaned-
ione, dimethyl sulfide, benzaldehydes-o] 8
o] EoS At Ott $7L& static and
trapped headspace GCE ¢]-&3l4 yogurte]
8 #n] R adiketoneFH(2,3-butanedione,
2,3-pentanedione) ¢} acetaldehyde& 213}
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t}. o] Wy AZ2FA7} mg/kgel EFHHA
7]&¢] static headspace ¥d& HIF2ZH
dxjzgle] FuHES TFER FFANA A2
JAE pg/kge 2 B &3tk £ Ulberth®

= static headspace #&W-& °] &34 yogurt

9] &m|AJ#-4l acetaldehyde, ethanol, acetone,
diacetyl, 2-butanoneg ¥43th Simul-
taneous distillation-extraction(SDE) ¥ Lickens
$} Nickersono] g FujA ¥ 32 FAZ 4
To] 32 B3 o] 2N Zud Lujgt
7ol WA A e 4vj2 $AA F branchd]
N ELEZ gue S AS c8dte 8%
2242 J2de FYFAE FFso g
A ARS U Be x4 FwdA 8o ar-
tifacte] AL ZFole AAZ purge-and-trap
& o] &% F2us ¥ Mg &3 AHEEHA
ATH,

= shte g Feuid FRHEL AL ¢
olu} 3t FujA o 4A &AMt £
st dhgelth. B FHA 10T & 2%
2 223}7) w2 artifactse] A& 2 3HA
g o] & Zol7] A& AFFE ot A 4
B3 o] @ 2xoA FHLslA oA ar-
tifacte] B4 L H23 & 5 Aok o] WS ¥
23 59 A=A glo] 113 FuPEE F2
& £ e o yogurte] FHAFR 4
T gurgoz o] AMSHI Y. o T
gt AYE EFEFE ARY IHQTFEE

Extrdction
Vessel

Forward

Regulator Wet test

meter

Acetone —dry
ice bath

Fig. 7. Flow diagram of supercritical extraction sys-

tem™.

o) AA F o £ W3S Lolry] A3 F
gyog #HnAPRL £A3 o acetaldehyde,
diacetyl, ethanol, acetone, 2-butanone, 2-he-
ptanone¥-¢] #FE HZIFHUL, HO JA 2
g 22uhg L o] 48l HAF yogurtd] )
HE-o ¥ztE &

%97 A 32 (Supercritical Fluid Extrac-
tion)-& 294 44 & 4] ZL e I
o YALEe YAYPE 248 A e
SAE At P RS FE3e PHLE
E3) gutg oz ol Algdte YA COx 9
A Aejoln u]EH FE7t vo} shas} & A
2go] 4§ S A ER FHAT HEA
AAFS P o Po] AHEWEZT glon o}
3 yogurt®] FrAE F2 o]4d Bie §
. 28y, 294 74 F29E 23 2=
Z7 3o FZo] o] Fo|A I Eufj7t BEFA
oo FAL oM F2H7| W& FrAHE
o] Azt AT & Jde I FHPEVE U}
AR Qorg yogurtd] FuGE EHAE 2

o}-g-o] 7ith B }(Fig. 7).
V. Yogurte| go|dE =4

oE5yd o 7HA FuHEEL ZA ATA
Wi o8 2FH3 ded, AWA 7} colori-
metric method®® o] 3, A+ polarogarphic
method, mlA=tez A7t GC(gas chro-
matography) method=o]t}, 4utA 0 2 yogurt
] g AR E L normal EE capillary column
o] 9472 % GC(gas chromatography)& ©]-& &}
o AA - AFENE I MEL Fr)AEYL 4
2= GC/MS(gas chromatography /mass
spectrophotometry) & o] &8t} 5338t 1 3}
8725 Ul glup®, £ yogurte] &Fn]
AR 2 s}el diacetyl 4$+= GCE o] &3
Wl o & B4 3] colorimetric method(spec-
trophotometry and fluorimetry)s ol
HPLCE o] &3 ¥hi®o] ALEH I Yt

GCe EXzAL EXx9 guy 4837
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Fig. 8. Typical chromatogram of carbonyl compounds
obtained from yogurtstored at 10°C for 3days®
The compounds identified are : 1=ace-
taldehyde, 2=acetone, 3=ehyl acetate (in-
ternal standard), 4=2-butanone, 5=ethanol,

6=diacetyl, 7=2-heptanone

o wet =34 Aozt et diFLe= yo-
gurt®] U] RS BA32a} ¥ Y& capillary
columns} FID(flame ionization detector)& A}
23}, 299 carrier gas®] FF U flow rate,
columnd] &% 52 #5530t GCe 8 7}
A G E-S dAN AFE & 1oH Fig. 8
& yogurt®] FulAE-E GCE ¥A¢ chroma-
togramo| ™, Table 2& GC ¥A¥y 9 =
& g71ak7] 9t o8 7kA yogurt FrIAGE

9] standard solution® 2 recovery test& & 2

Table 2. GC analysis of aromatic-compound recov-
ery in yogurt*?
Added Total Found Recovery®

(ng/g) (ug/g) (ug/g) (%)
Acetaldehyde 50 403  39.0 96.8
15.0 503 453 90.0
300 653 653 100
0.75 268 258 96.3
Acetone 150 343 336 98.0
300 493 512 104
075 213 1% 9.1
Diacetyl 1.50 288 2.62 90.9
300 438 4.09 934
500 910 819 90.0
Ethanol 10.0 141 136 9.6
150 191 187 98.0
1.50 356 348 97.8
Methanol 300 506 516 102
6.00 806 7.6 95.0
0.75 211 198 93.8
Propanol 1.50 286 2.69 94.1
3.00 436 4.06 93.1

s Yogurt contained 35.29ug /g acetaldehyde, 1.93ug/g
acetone, 1,38ug /g diacetyl, 4.10ug /g ethanol, 2.06ug /g
methanol and 1.36pg /g propanol.

b Mean of triplicate

Compound

gto|t}, Recovery teste] Z3}, acetaldehyde
97.7%, acetone 99.4%, methanol 98.27%, etha-
nol 94.87%, propanol 93.67%= WA 2 90% ol
9] &2 recovery rateZ YER NI

1] 204 gk (colorimetric methed) ol 27
spectrophotometric method$} fluorimetric me-
thod F7147} lew o] WHEL yogurtd] ¥
o A% & diacetyl AFAT A2 F e ¥
Hoz o 7HA AEg A FFE 5 3l
= GC ¥histe Apol7 o), diacetyld] Wl gt
ZA=7t 3 82F GCo v# F&33L ¥4
E o] 42 Agseg ¢oz9 Argo] 7]
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Table 3. Reaction conditions and analytical characteristics of spectrophotometric and fluorimetric methods in

yogurt?
Reaction conditions Spectrophotometry Fluorimetry
Isoniazide added to Excess 300 Excess 1500
Time 10 min 15 min
Temperature Room temperature Room temperature
Zr(IV) added to Excess 50 Excess 2500
Time 30min 30 min
Temperature Room temperature Room temperature
HCl added to pH 1.7+0.1 1.7+0.1
Wavelengths 410nm Excitation 410nm

Emission 510nm

Blank INH-+HAc+Zr(IV)+HCI INH+HAc+Zr (IV)+HCI

Table 4. Diacety! recovery determined by spectro-

photometric and fluorimetric methods?
Added Total Found Recovery®

(1g/g) (ug/g) wg/e) (%)
50 137 134 97.8
Spectrophoto- 100 187 180 96.2
metric’ 50 287 2.0 97.0
200 287 216 9.2
040 172 168 97.7
Fluorimetric 080 212 214 101
L20 252 214 100
160 292 286 97.9

2 Mean of triplicate,
b Yogurt contained 1,74ug /g diacetyl
° Yogurt contained 1.32ug /g diacetyl

Method

e, o] F71A WY& acetic acid &3}
oA diaceylo] isoniazide(INH)$} &2Ag s}
I 2% oA Zr(NV)g A& 43t
7128 F3 3tk £4z242 Table 33 72ow
o] W AYAHE UotR7] Hs] recovery
test& ¥ A3} A Z 96~101%9] & recov-
ery rate® e (Table 4) fluorimetric
method7} spectrophotometric methodel] v]3j

Table 5. Precision of diacetyl and other flavor

compounds determined by three different

methods?
Method Compound Concentration RSD*
(ug/g) (%)
Spectrophoto-  Diacetyl 1.55 2.50
metric
Fluometric Diacetyl 1.55 1.02
Chromatographic Diacetyl 1.38 2.20
Acetaldehyde 35.3 L35
Acetone 1.93 2.01
Ethanol 410 3.19
Methanol 2.80 159
Propanol 1.36 9.19

# Mean for 10 replicate,

%t &2 recovery rateg e o], A4 100
%9 A7t} ole GCY AFHYE & F
Aelct. o] Al7tA e FHEE Yotrr] 9
8 1094 diacetyls ot& R7HA JEES BT
g o, 2F #5288 Ads Yo
(Table 4, 5). wetA yogurts] Fu|A &S ¥4
iz & e Aoz AW o HE
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& 23 F U2 FFET} £ GCE o] 5T
o] 7bg A Aoz A4HIL 543 di-
acetyld] |7t Fa8 7S, A&d3 vz
7vers W o2 Agstzal ¥ w& colorime-
tric method = $-4+& Wi olg} At}

gpnj A Eo] B4 8-S FA3e AWt of
Uzt AAE 3180 1 AF ¥ o= =
13N E ARdE Rolth. 2YERR BE
a9 93¢ #5319 54& Hre7] AsA
= sniffing testZ Wa)s)o} g}, Sniffing test
g E3d 3980 3] §H & AeA B F
o g4o] & g0 AAF] 54 HEY
F AEAE & F A Yot e AFEA £
AFL MA e AFEF £ & 9FE A
t IFEL FAY = YU, diFeR
sniffing test= GCo olfactory detector& 972
8te] sniffing portol]l o] ZAHA & W7HA
FE2EL A2 ol FHE F5 HAA
Ed] o3 T BAste BASHA FoEN, 7
g 9azt A P Jldde =S B
Rolth, 7H4 Bo] A4+ GC-olfactormetric
techniqued]& Charm analysis$} aroma extr-
act dilution analysis(AEDA)7} gt} Ott §%
o] yogurt9] #njAE& headspace /GC /sniff-
ing test2 ¥4% A3} 1-nonen-3-one] yogurt
9 gug A& =4 o M} F88 AR T
g nasgh

. &

Yogurt?] #vlE yogurte] FAE F-3he
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