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Volatile Aroma Compounds of Fermented Milk Prepared
from Milk and Fruit Juices

Young-Tae Ko* and Jung-Hwa Kang

Department of Foods and Nutrition, Duksung Women's University

Abstract

Gel-type fermented milk was prepared from mixture of milk and apple juice or grape juice by fermentation
with Lactobacillus acidophilus (KCTC 2182). Changes in volatile aroma compounds during 21 hr-lactic fer-
mentation were studied. Diacetyl and acetoin, that were produced by L. acidophilus, were detected at 6 hr or
12 hr and showed peak values at 12 hr. Acetone and butanol, that were present originally in sample, de-
creased gradually during fermentation. Ethanol, that was either present originally in sample or produced by L.
acidophilus, showed peak value at 18 hr in case of mixture of apple juice and milk. The concentration of
ethanol was substantially high during whole period of fermentation in case of mixture of grape juice and milk
though it showed peak value at 18 hr. Because the concentrations of ethanol in apple juice and ethanol and a-
cetone in grape juice were relatively high, it might affect the results.
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HEF Az 4RE d SHEHYA £ oA
FR-AR AR EASR), 7P 100% A
@EdeR), 5712 100% TEFEGd58)E A
shoick 84 7] AR 49 EFEHEE ace
tone (-, Junsei Chemical Co., Japan), ethanol (GC-4,
99.8%, Merck Co., F.R. Germany), diacetyl (-, Tok-
yo Kasei Co., Japan), n-propanol (5, Junsei Chem-
ical Co., Japan), butanol (£<F, Junsei Chemical Co.,
Japan) & acetoin (GC%-, 98%, Fluka Chemie, Switz-
erland)y& ARE-3lAT}

AL F

Lactobacillus acidophilus (KCTC 2182) #55& AH-
dtolon] ZAabde] BES wix2& MRS 3HuiA]
(Difco Lab., USA)Z A}-g-3}gich.

YaFo H=

28 50 mLE HERFOE IFHPIRE VI, AR
1& A 324 25 mL:$% 25 mL, A8 [+ AFFA
15mL: %8 35mL, Al ML A5~ 5ml:$F
45mlL, A8 IVE TS FA 25mL: % 25 mL, Al &
VE ZEFA 15mL:$5 35mL, A& VIS E%57F
2 5mL:$§ 45 mLe] ¥]$-2 £33 F, MRS 44
Wl ol A 242171 wiofgt AAbE wlFAE 1% (VIV)
2} ¥]8-(10' CFU/mL )& A £3lo] 40°Ce] 327]
ol A LA A} zE whE A gl o

wERel 3 | 4 24

R4S A W) 4L AT T, 0, o4
78} GC workshop AW F e w2 spof tfS3} 2
o] #Ajzhsich,

50 mLe] A 8.8 100 mLe| AH7H-Eel A4l Y 50
g2l NaSO.2} WH-EFEAZ n-propanolS 50 ppm
7}8ko] rubber septum (24 mm, Sigma Chemical Co.,
USA)S & Y23} % 54°C2| pair stirrer (Eyela, PS-100,
Japan)ol| 4] 2087} wulsldct. wAlEE headspace gas
E- 5mL gas tight syringe (Hamilton Co., USA)E 1 mL
%] 8}o] HP 5890 Series Il gas chromatograph (Hewlett
Packard Co., USA)Z EA13}leic). £F B3 8 AHEs)
of W I2.A] 7} (retention time)}S- ¥] &}o] w25 4l
8l integrator (HP 3396 B)Z AR FF:A 59} A
8o FAzHAE vlwsled APt TFEAEE
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Table 1. Couditions of gas chromatographic analysis

Column: HP-FFAP fused silica capillary column
(stationary phase: cross-linked polyethylene-TPA
25 mx0.32 mm x0.52 um film, part No. 19091F-
112)
Carrier gas: Nitrogen (flow rate 1.39 mL/min)
Air & Hydrogen flow rate : 335 ml & 35 mL/min
Injector temp.: 200°C
FID temp.: 220°C
Oven temp.: Temp. program listed below.
Hold 7 min at 50°C and increase 10°C/min up
to 90°C.
Injection: Headspace gas 1 mL, split 10.31:1

lactic acid 2 pH-E 4.002% FA % % 50 mLel] 50
g2 NaSO.Z Hrlali o7l &
ethanol, diacetyl, butanol, acetoin-g- Z}z} 50 ppm 37}
3t WH-EFEAEZ n-propanol-g F2 F rubber
septum &2 WE3ZF F 54°Ce] pair stirrer (Eyela, PS-
100, Japan)el|A] 2087} wuksleict. EFA| 8 2 5E
"k A%l headspace gasE 1 mL FYA|A Lzl 9=z
of WAz ARe| NaAre vlwskel Al
oy7]oll EFAE F2] n-propanold] HA I} Al g F9]
n-propanol®] ®Au|el 32| A5 Fato] A
shgich Alge 33] ubE AAE T of3] 73] o]y
F49]3}9} 2 m gas chromatograph®] #4371 Table
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AAHEA)e Fe A 55 3t 21X E
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Fig. 12 A& | (A}9H2 25 mL: $-§ 25 mLyS- L.
acidophilus 2. A Z8 F 2147 71X 8 A 7| A §]
ubA sk7] AL HA%F Ato)c}. Acetones} buta-
nol A% A $(0A17}) 22t 1.946 ppm} 1.152 ppm
oA &z} ZFAsle] 2141 7bef| A= 1.464 ppmT} 0.847
ppme| =|¢lch. Diacetyl-2 & 647 el 2§ A=
©](3.108 ppm), 124] 7}l 6.845 ppm o2 3] =2 (TEEL)el
o] & g 1 FHEl= A3 FtAadte 214 =
5.104 ppm2] 4% 5 H itk Acetoind 124 7kel] A&
e}z 5lo] 1]=29) $32](27.642 ppm)E B! F, A3
Z4asle] 214)7bell= 25.036 ppmol] o2&t} I
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Fig. 1. Changes in volatile aroma compounds during
fermentation by L. acidophilus in mixture of apple
Jjuice and milk (25 mL: 25 mL).

ethanol-& AE 2§ 3.299 ppmol|4] 184 7kel] 8.922
ppme.g I Feof| o] & thy vha FhAaste] 2147kl
= 8.429 ppmo]| o] 23]}

Fig. 2+ Al 8 II (A} 15 mL S 35 mL)E- L.
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Fig. 2. Changes in volatile aroma compounds during
fermentation by L. acidophilus in mixture of apple juice
and milk (15 mL: 35 mL).

% A ¥ 3.064 ppmollA] 184 7ke]] 14.410 ppm o2 7}
A Eore o 2147 el tha ZH4ahedch

Fig. 32 A8 Il A}35E2 S mL: $-§ 45 mL)yE L.
acidophilus 2 A8} 51 2147 29) 34 37 A
& FA % Asjolr}. Acetoned} butanold HE =¥
z+zt 3.551 ppm3t 0.767 ppmel| 4] 212 7F Fof] 2.337
ppm¥} 0.621 ppm 2.2 7}431sd o w, diacetyl?} acetoin
< A 67 1224)7ke) AS sA| =] 124] 74
7z} 939 $2%](4.449 ppm, 24.529 ppmyE ehd
& 2 Foll= 2121774 7FA4skdel. 3 ethanold
FE 2F 2.062 ppmol|A] 18| 3kl 17.636 ppm o2
71 #ekem 2147k el = efar ZhAasksic).

Fig. 1-30]x2] Ax}e] FTEAHE W, acetone}
butanol-& A F A F vwliwA] J& oko g Zapsidd 7
of Wik el et U3 Pashs AL v
2o, diacetyl 6A]7kel] |& x| 5|o] 1247} 7}
A & #AE B F 2 Fole 239 3Faska
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dch. B AgedlM Agg Algg AR AE gas
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25
“
£ 207 S
8
o —m— Acetone P
= ~—+— Ethanat //
3 151 —*— Diacety| s
g —=— Butanol 7/
g ~>¢~ Acetoin /
/
E /
E 104
]
2
&
L s
) ///)“\\\*ﬂ
e e
o I
12 18 21

Fermentation Time (hr)
Fig. 3. Changes in volatile aroma compounds during
fermentation by L. acidophilus in mixture of apple juice
and milk (5 mL: 45 mL).
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G wael oA A4HE Aelme Agel o
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7} gk 15417 A Folu 2!, di=k 12~15A17 71| =
At MA-S Bl o}, 1 Foll= A8-Alo] statio-
nary phaseol] 214]3}o] diacetyls?} acetoin®] AJAIeFR
o} Fbefo] wokwl 7Zie= ezl g3 ethanol
A= Al aet SfollA felE o™, -2
ol el SJse] AYHE o)z, AF A Fel 2
F Bl 7o) WAy} e wet 2A Fokst
Zole] 18417k o] & 7}+43F 712 diacetyl} acetoin]
7 9-2}3] stationary phaseol|4] ABAjekHc) 3|utsfo]
=o7] wiEelebar A=
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{5}

Fig. 4= A8 IV (5572 25 mL: % 25 mL)E
L. acidophilus2 5% F 21X 774 A A 719A
Fukad 3kr] AA¥-E ¥AMT Aelct. Acetone} bu-
tanol-& A% A3 b7t 4.995 ppm3} 1.037 ppmel] A
21A]7F Foll= 3.267 ppm#} 0.743 ppm o2 74319
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Fig. 4. Changes in volatile aroma compounds during

fermentation by L. acidophilus in mixture of grape juice
and milk (25 mL: 25 mL).

t}. Diacetyls acetoin & 647 o]l ]2 &= 5 ]
12417kl 247t ) =19] 4~2](14.132 ppm, 45.344 ppm)
5 Uehd F 2 Felle Ao, o o4 Zlet
A efste}. 38 ethanolE A E 2 ¥ 161.792 ppmeol
A 18A17kel] 172.258 ppmo 2 7| =29) 43 & ehil
F 2147kl 161.932 ppm o2 tha 7FAshch

Fig. 5% A& V (££%2 15mL:$-4 35 mL)S
L. acidophilus2. AE3 F 21X 7074%] A A|7]4
A kA gk RS B3 Axtolr}. Acetonedd
butanole A& 2 F z+7t 4.834 ppm3} 0.806 ppme|
A 21417k Fol| 2.747 ppm3} 0.690 ppm.2.2 7FA3}
&3 o1, diacetyli} acetoin-S R 64| 7kel] 2L €%
o} 124]7kel] 77k 3] =9] 42%](5.809 ppm, 23.745
ppm)E Wb F 11 Fol= ZAske S B
g ethanol-> A% =% 111.010 ppmel|A] 124 7}
117.337 ppm22 9] 29| 5|5 vyehd 3 2147k
= 111.584 ppm 2.8 T4 7h25hed ),

Fig. 6& A8 VI (£5572 S5mL:$% 45 mL)S
L. acidophilus 2 ] F3F 3 212|7717] wha Al 7]w 4]
kA 7] AR ¥ Aatol). Acetoned} bu-
tanol-> AHF =¥ z+z}t 3.875 ppm3} 0.635 ppmol] A
21217F Fof] 2.008 ppm3} 0.522 ppm & ZFAashe] o
v, diacetyl®} acetoin-2 & 64|17} = 124]7ke]] ]
+ SR E ] 1247kl Zh2t #=3.2] 4+4](3.282 ppm}
21.940 ppm)E- Lebd F 1 Foll = 7hasigc)
ethanol& A 23 37.943 ppmol| A} HA] F7}3}e]
184]7bo]] 53.082 ppmo.2 3] 43 & vehll ¥
212]7}ell= 51.952 ppm 2.2 chi 7F4sledc).
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Fig. 5. Changes in volatile aroma compounds during
fermentation by L. acidophilus in mixture of grape juice
and milk (15 mL: 35 mL).
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Fig. 6. Changes in volatile aroma compounds during
fermentation by L. acidophilus in mixture of grape juice
and milk (5§ mL: 45 mL).

Fig. 4~6olx ¢} Axte] FEAHE B, acetonedt
butanol-> % A F vl A & ko g Exsi 7
o] W&} Aol ue} Hx} 7Fasle HE Bl
2.1, diacetylZ 6A|7 el A3 w5 o] 1247} 7}
A L& AHE B F 2 Fee 238 7FasEy]
t}. Acetoin®] 9= 6417 i 1247k 2 E €X]
o] 12417k M B2 $AE B F 1 Folle
Zax3belet. T ethanole] A9 AF A FHE ¥
< ofo] EAEs 2, 1247} i 18A]7kol] I o))
o] ¥ 2 Foll= tha ZF2skdch. Ethanole] 75
v Zogae] EE vlEo] 378l g} A8 F9
ethanol §raF #AsHA| F7bstodrt. B A3 olA] A
2R AMEF IEFAE gas chromatograph 3 5-41%H
743}, acetone, ethanol, butanole) & =gl o o] 7}
$ulA] ethanol3%} acetone, £3| ethanol-& A& 7 7}of]
dekg vA P Fe ofo] &gl 21}, butanol
< FrlEe g ex)= et

Acetone 9, MRS broth, ZEFAc)4 §a=
A ®, Wi Aol ksl =27} 7Hag A
© 2 AduiEv, butanol-& MRS broth®} ¥ .5 720l A}
frefsl Ae2®, G wg Ao dRrt Fuky
o] 4=x]7} 7F4-8F 7o}, Diacetyl3} acetoin& 2 Al
Wl oM AAdE Aolmz, Bt 647 w=
122)7kel] A5 ©R|=9lom, 1227k 7 =z9] o4
£ B F A3 olfre dollM AFE ule} 7o)
ErfFa-9% EARONA L acidophilus (KCTC
2182)9] log phase7} thZ 15A17F A Fo0]7] off F-ola}
I AEECH” g8 ethanol-& YBE= 8ollA] S

HA2u®, diie] ErFaca feld o,
W oM x B AR Ao Qztg).

AR ERA RS} EEFA-F EPAR
o] wta Fo] A ] AR WHAE vwsd,
butanol, diacetyl, acetoin®] etz 7 A]xol wisi
Al szl ahe} zpo|zk 9l ot AR FARRE HEe B
At Acetone?| 7% 7 A1H Q) Wiste fAlstg o,
o]l ERF2-SF ERAES oda BT,
ethanold EZEFA-F EFA 7} AFFA-H
LA 5o AAHA Eouch o)Ak} 22 Al
w2 ol (i) Abhadt Erfrad i Hwt
A w7 AR kel tharhs A, (i) F Al B4
ik gl FdalA] dong YAE ) A
o T TS A drhs 4 o Ao

o|Ae] A3MFig. 1~6)2 %€ AL H2L g3t
et F AR ERAIEY) TEFA-R E
A B E L. acidophilus (KCTC 2182)F 21A)7F W&
A7 A A gfr] Ade] wiskE At Ax)
Fol ola] A diacetyl?} acetoing- 6A]7} wi=
122)7bell 25 &2 5]7] Al3bste] 1241700 744 &
< F2E Bl F, 2 Folle Faste A4S v
. Al & Foll Y2l a3k acetoned} butanol- b
A Ao Fa gFasisdch AR Tl A 2]
5 &L, whd ol o)) A=) % 8l ethanole- Ab
Foo- EFA R A 184174 7P ¥3gto
L Folle tha Faddw, FEFA-f EHE
o] A=A & 77k AHA & FAE Mgl
u 1841 7ke] oh2 A7kRe} oA 2 A E B
AVaHE Aol A+ ethanolo], EEFAo|A]+ ethanolz}
acetoneo] A& Aol o38kS v]Y A 5o] &L ofo)
A25|%de}

PRAMZONM FetY 0| MEo| ¥ig}
Fig. 7& A& VII (3 50 mLY&- L. acidophilusZ
F F 21A7A] RE A A FaEA 3k A
& $43F HAzlolr}. Acetone?} butanold HE =
Z+zt 3.706 ppm3 0.704 ppmel| 4] 214 7t Fofji=
724 ppm3} 0570 ppm S & ZFA43}¢iv). Diacetylz}
acetoinS WA 64 7ky} 124] 7o) A8 ©A)x]e] 124]
Zkoll z4z} w = 8] 4=%(5.952 ppm, 59.997 ppm)E- 1}
i F 1 Fole heskich 4 cthanol 4E
2% 1.714 ppmoll 4] 184 Ztell 16418 ppmo 2 5] =2
o] #2158 Jehd F 2127kl 12.000 ppm o2 7+
A3teieh

olatel Zake ol DI A5 EHA
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Fig. 7. Changes in volatile aroma compounds during
fermentation by L. acidophilus in milk (50 mL).

B wE EEFA-F EAEe] A} viwspd
(i) diacetyl®} acetoino] 6|7} & 1247 el -8 &©%]
wo} 124 7kel] #]29] 2| E Helvhe A (i) acetone
7} butanol-& WHETA o] A2} 7hAagkchs A (i) etha-
nol& 184)7kol] 7} o= A 5o 8 ddddle], &
FrA EoA FA ] AJEe] Wt TeFaNc
B AR ERAIES A 3] Adeel d
3he} 7 gko] fARSIloH, 53] AR Il (A4 S
mL:$-f 45 mL)e] -9} Aol FAlatd=dl L
ol Ay Uiz}t A8 VI ZAe] 7V {Absl7]
ufj F-oletar AYzkct.

B AlgollA] AH2-¥l L. acidophilus (KCTC 2182)8=
vl g 3} & of| ethanol, diacetyl, acetoing A3 3} o,
o] 7}-g-dl4] diacetyl H| A Y& FLr g E|3}A]
ob whE o] F03 A ] AR o2 dedx ol
37, acetoin® oFH O 2= diacetyl®cl #A3}A w2
v uhE 2] 3]l diacetyl BHE 7]o33}R] = oo,
ethanol® ¥ -H-2] g7|ol diacetyltHg F83A|+=
e 7oz oA o™ B AedA] Az U
Z3h= acetone A Ao HHEAQ FF7)el i
7]033}2] 2k, MRS brothol| 4] &% butanol2 &
o] 7)ol Ego] =2 Qe Aoz d#HA ot
Acetaldehyde, 3]%H43 x|u}Al, 2-butanone® HHE 52
7)o 7leidtin deix 9lou®, B AFdM=
gl z] dskch

TP wopgl W Afe] b ] AEel A
B3} L. acidophilus (KCTC 2182)% A}&-3lo] izl
B Ao A AR fARE S Heled, o

A #pel7) e ol HAME FolA X f(species)
e Eik(strain)ell we} A g abbE o) 2fo]7} 9l e
o]0 Akgte] wbE 7)Ale] chEche AR e Al

= 57 ole A5 50 EAEEE A),
ot opu]z} §dk AR AH 2 2N oz 3
o] whiah= 3pe]7} gl7| whEoleba Azt

GC chromatogram2| ZAA|A{Ql 5|

Fig. 85} Fig. 9= A& I (Al9h2s 25 mL: 9§ 25
mL)2] GC chromatograme}t}. Fig. 8 (04|17} A1 8; 3
Z A1) AS e #=27t vebged o] 7l
A A]Bo] shalxl 71-& 2@ (acetone), 4'H (ethanol), 81
(butanol)e| ™, 61L& WH-ZFEAR A% n-propa-
nol2] ==o]t}. 1¥(1.982 min) , 3t(3.299 min), 5
(5.549 min), 7*H(9.186 min) 3 F &= Al Fo] Falx]x|
ororor} chromatogram®| retention time® 2 et}
of 14 #as $RENE, 3, 53, ™ Aa3e Akt
Frog2 R fad Aes s

Fig. 9 Q1A2F A1 8)2| 79 10702 =7} vhepyd
=l o] 7REEA ARl #eld 72 2w (acetone),
4 (ethanol), 5 (diacetyl), 9 (butanol), 10*H (acetoin)
olw TH-& WH-EFEAE A4 n-propanol®] F{ =

5 L]
4 7

tsmin

Fig. 8. GC chromatogram of volatile aroma compounds
in 0 hr sample prepared from mixture of apple juice
and milk (25 mL: 25 mL). 1: unknown, 2: acetone, 3:
unknown, 4: ethanol, 5: unknown, 6: n-propanol, 7: unk-
nown, 8: butanol
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15Smin

Fig. 9. GC chromatogram of volatile aroma compounds
in 21 hr sample prepared from mixture of apple juice
and milk (25 mL: 25 mL). 1: unknown, 2: acetone, 3:
unknown, 4: ethanol, 5: diacetyl, 6: unknown, 7: n-propa-
nol, 8: unknown, 9: butanol, 10: acetoin

ojch.

Fig. 8 (0A)17F Al 5)3} Fig. 9 (21A17F A1 2)9] chro-
matogram-2 B]52aphd, WEEEFEAZ A28 n-pro-
panol®] =2 w22 2 xjol7} il o}, 0X7F A7
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