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Formation of Medium Chain Fatty Acid by Wine Yeasts

S00-O Lee
Department of Food Science and Nutrition, Changwon National University, Changwon
Abstract

It has been suggested that medium chain fatty acid(MCFA) may be toxic to yeast and bacteria
and thus play a role in the inhibition of alcoholic and malolactic fermentations and also important
contributors to wine flavour. We measured, by the use of GLC, the concentrations of octanoic, de-
canoic and dodecanoic acids produced by 12 wine yeast strains during the alcoholic fermentation
of a grape juice-like medium. In general, there was a high production of MCFA at first, dropping
dramatically later. The formation of MCFA is largely dependent on yeast strain but it also de-
pends upon temperature, sugar concentration, stirring and carbon dioxide sparging.
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Table 1. Strains of yeasts used during experiments

# 513 %Saccharomyces cerevisiae race cerevisioe, Distiller’s
# 519 Torulaspora debrueckii ©, Flor

# 522 Saccharomyces cerevisioe race cerevisiae, Montrachet
# 529 Saccharomyces cerevisicge Steinberg

# 530 Saccharomyces cerevisioe race uvarum 9

, Tokay

# 595 Saccharomyces cerevisioe, race bayanus 9} -
Pasteur institute, Champagne

# 605 Dekkera intermedio, FS & T 71-12

# 654 Soccharomyces cerevisiage rtoce cerevisiae, $288C

# 660 Soccharomyces cerevisiae race cerevisiae, Boker's

# 686 Sacchoromyces cerevisioe race cerevisiae, Steinberg

# 751 Zygosaccharomyces boili

# 798 Kloeckera apiculoto

) Enology Department collection number, University of

California, Davis

b) formerly Saccharomyces beticus of Saccharomyces fermentati

<) to be reclassified as Saccharomyces uvarum
d) to be reclassified as Saccharomyces bayanus

H,KPO, 3g, Yeast
(NH,),HPO, 3g, Vitamin-free Casamino Acids
L-Proline 1g, L-Ar-
ginine 0,8g & 4—8}1 A4 H,PO, 2 pHE 3,58
=3 F —Ur°\5’-’" S 250mi & nHEST, 2

2 A £l "% CAEARE: - b1 R R e bl
%136}04 ’\F%ﬂ?iﬂ}.

Nitrogen Base 11, 7g,

2g, L-Tryptophan 0, 1g,

x4
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Table 2. Formation of MCFA by strains of wine yeasts. Fermentations were made in Murphy’s medium at 22 Brix, pH
3.5 and 20°C without carbon dioxide sparging

Ferment. #5130) #519
time, days c8 C1o C12 C8-Cl12 c8 cl10 Cl12 C8-C12
3 1.670) 21.86 27.02 50.55 3.94 9.87 6.99 20.80
5 2.35 18.10 27.27 47.72 2.72 11.38 8.33 22.43
7 3.47 8.01 5.09 16.57 ND O 16.72 30.82 47.54
10 3.56 7.54 4.82 15.92 ND 3.56 4.21 7.77
15 4.48 8.22 4.54 17.24 ND 1.45 3.56 5.01
#522 #529
3 1.91 23.74 24.48 50.13 2.36 610 6.81 17.27
5 2.52 20.93 27.66 51.11 2.98 5.91 4.14 13.03
7 4.48 7.70 4.68 16.86 ND 14.71 1975  34.46
10 4.59 8.01 4.42 17.02 ND 2.94 2.59 5.53
15 4.35 7.25 4.09 15.69 ND 0.39 2.1 2.50
#530 #595
3 1.51 26.29 15.56 43.36 1.37 9.83 6.06 17.26
5 1.96 23.72 10.20 35.88 1.5 10.45 8.00 19.96
7 4.88 11.15 3.78 19.81 242 4.47 2.16 9.05
10 3.64 10.02 3.32 16.98 2 45 4.37 1.88 8.70
15 3.28 5.75 1.73 10.76 2.62 3.77 1.69 8.08
#605 #645
3 0.79 1.43 0.06 2.28 2.05 16.94 112.29 131.28
5 1.7 2.80 2.40 6.37 424 38.95 98.58 141.77
7 1.91 . 5.55 2.84 10.30 413 27.54 68.95 100.62
10 ND 2.94 117 41 3.36 21.10 55.60 80.06
15 ND 2.63 1.49 4.12 2.99 17.95 57.46 78.40
#660 #686
3 2.13 25.42 39.52 67.07 1.01 1.38 0.73 3.12
5 2.86 22.91 30.22 55.99 1.43 1.56 0.69 3.63
7 4.40 10.65 8.24 23.29 ND 6.78 17.26 24.04
10 4.70 10.77 8.67 2414 ND 3.33 6.11 9.44
15 4.36 10.50 7.77 22.63 ND ND 3.81 3.81
#751 #798
3 0.52 1.15 0.85 2.52 0.93 0.00 0.76 1.69
5 0.00 1.08 1.23 2.3 0.69 1.16 0.84 2.69
7 ND 0.50 3.32 3.82 ND ND 6.68 6.68
10 ND 0.15 1.03 1.18 ND ND 2.29 2.29
15 ND ND 2.12 2.12 ND ND 2.02 2.02

a}UCD Ennlogy number as listed in Table 1
b} Acid concentration; mg/L
¢) ND; not detectable

mg/l,Cl0: MEEF 0,3-7.5mg/l, HEEF 0, 2- S. Lafon-Lafourcade §*& yeast ghost & L7
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Table 3. Effect of fermentation temperature on forma-
tion of MCFA by #522 Saccharomyces cerevisiae race
cerevisige, Montrachet

Temp. Acid Fermentation time (days)

(°C) (mg/L) 0 3 5 7 10 15
C8 — 223 296 540 476 4.35
clo — 25.45 23.91 10.33 10.11 10.00

10 C12 — 39.52 31.25 8.26 8.60 7.78
CB~Cl2 — 67.20 58.12 23.99 23.47 22.14
Brix 20 3.4 1.0 09 08 08
pH 3.5 284 298 3.06 3.09 3.7
Ccs8 — 1.91 252 448 459 4.35
c10 — 23.74 2093 7.70 B.01 7.25

20 Cl12 — 2448 27.66 4.68 4.42 4.09
CB~C12 — 50.13 51.11 16.86 17.02 15.69
Brix 20 34 09 08 08 08
pH 3.5 283 292 3.06 3.08 3.18
cs — 152 1.98 3.88 3.68 3.75
ci10 — 20.29 17.36 6.15 6.02 574

3 C12 — 15,83 10.25 3.75 336 276
Cg~Cl12 — 37.34 29.59 13.76 13.06 12.25.
Brix 220 104 76 58 22 1.1
pH 35 311 320 316 3.26 3.44

Table 4. Effect of initial sugar concentration on forma-
tion of MCFA by # 522 Saccharomyces cerevisioe race
cerevisiae, Montrachet

Sugor Acid Frementation time (doys)
(Brix} (mg/) 0 3 5 7 10 15
c8 — 1.5 193 3.88 3.42 3.25
c10 — 16.28 19.71 6.52 502 5.17
15 ci2 — 1524 1820 3.71 3.32 1.64
C8~Cl12 — 33.08 39.84 14.11 11.76 10.06
Brix 15.0 6.2 54 1.2 1.1 1.1
pH 3.5 3.28 3.36 3.42 351 3.52
c8 — 191 252 4.48 459 435
C10 — 23.74 2093 7.70 801 7.25
2 12 — 2448 27.66 4.68 442 4.09
C8~C12 — 50.13 51.11 16.86 17.02 15.69
Brix 220 3.4 09 08 0.8 0.8
pH 35 283 292 306 3.08 3.18
Cc8 — 1.67 2.83 4.41 465 436
C10 — 21.89 22.96 10.53 10.02 10.21
25 Q12 — 27.22 30.22 8.16 821 7.66
Cc8~C12 - 50.78 56.01 23.10 22.88 22.23
Brix 25.0 156 7.8 5.6 2.2 1.0
pH 3.5 3.25 327 338 3.42 3.49




836 A A A21d A6 5 (1989)

Table 5. Effect of stirring and carbon dioxide sparging during fermentation on MCFA formation by #522 Saccharomyces
cerevisiae race cerevisiae, Montrachet

Treatment Acid Frementation time (days)
{mg/ ) 0 3 5 7 10 15
Cc8 — 2.02 2.66 4.51 4.72 4.36
with Ci10 — 25.33 22.90 10.35 10.16 10.20
CO, C12 — 29.32 30.15 8.21 8.32 8.35
c8~C12 — 56.67 5571 23.07 23.20 22.91
Brix 22.0 3.4 1.0 0.9 0.8 0.8
) pH 3.5 2.84 2.98 3.06 3.09 3.17
Stirred
C8 — 191 2.52 4.48 4.59 4.35
without c10 — 23.74 20.93 7.70 8.01 7.25
CO, C12 — 24.48 27.66 4.68 4.42 4.09
Cc8~C10 — 50.13 51.1 16.86 17.02 15.69
Brix 22.0 3.4 0.9 0.8 0.8 0.8
pH 3.5 2.83 2.92 3.06 3.08 3.18
(@] — 1.16 1.94 3.87 2.86 3.28
witn clo — 16.28 9.98 11.16 7.42 5.89
CO, C12 — 13.55 8.48 4.06 3.68 2.31
c8—~Ci12 — 30.99 20.40 19.09 13.96 11.48
Brix 22.0 15.2 13.5 5.4 2.5 11
] pH 35 3.25 3.24 3.36 3.33 3.28
Not stirred
C8 — 113 1.91 2.3 2.75 3.26
without Cis — 2.82 5.54 13.72 6.38 5.74
Cco, C12 — 2.45 2.95 9.10 3.31 172
C8 ~C12 — 6.40 10.40 2513 12.44 10.72
Brix 22.0 21.8 16.2 7.2 2.6 1.1
pH 3.5 3.38 3.19 3.27 3.32 3.31

Table 6. Comparison of MCFA formation between in
Murphy’s media and in grape juice by #522 Sacchare-

myces cerevisiae race cerevisiae, Montrachet < re | 5 pied gl LA 23l
A ealy) 7l ul&=d }_/(4& 71%%/(-‘& ¢
Media Acid Fermentation time (days) EASS 153 e X 44 H_Zl 21 Mu_rphy
(mg/) 0 3 5 7 10 15 v zjoll o] Are AA Lo ajfe) wael wlmy 7
5 h gl % ol & ol Bk
cs — 191 252 448 459 435 ) Table 6elch ST wEAld MCFA S 2
c10 — 2374 2093 770 801 7.25 ol o}z Hasteiec] pHel wshe Ao oL
Murph 12 —  24.48 27.66 4.68 4.42 409 Zragdio] Zhi= 2R wlfql e ¥gorn
Y C8~Cl12 — 50.13 51.11 16.86 17.02 15.69 b g 73 gof] whE MCFA 9 AAokAle hadullz|of 4]
Brix 220 3.4 Nne 08 08 08 9+ %A}§} 7;10 § l&%ﬂ?}\
pH 35 2.83 292 306 3.08 3.8 ]
c8 — 121 192 326 3.5 3.22 Q of
C10 — 1829 19.73 10.60 57z 553
Grape C12 — 1455 1022 3.38 3.34 189
juice® C8~C12 — 34.05 31.87 17.24 12.21 10.64 I i AHEEE 8RgF 1252 Murphy
Brix 220 92 12 00 00 00 vl z)of whokstod Fzkazlel xulAb(MCFA)S A4
pH 35 299 3.02 3.15 3.19 3.9 S wazieln wizel web 1 A4S BAE

o Muscat blank ,100 ppm ascorbic acid vl =8 wtgdol 738 Saccharomyces cerevisiae



FEF ERol 9% F2asl Aya 44

&3 TF S Wi 7)o decanoic acid ¥ o 21
-26mg/l ARG LE FrlolE F 5-10mg/l
Zhastdct, HEzzoA & o MCFA & A4 2
27t #84% Aasdn d3eke] 45 Folside
o 23 gl E4 Sel s Frlstdnt,

&

[y

Ho

. Macdonald, J., P.T.V. Reeve, ]. D. Ruddlesden,
and T. H. White: Current approaches to brewery
fermentations. In Progress in Industrial Micro-
biology, Bushell, M.E. (ed), Elsevier Sciences
Publishers, Amsterdam, Vol. 19, p. 47 (1984).

. Taylor, G. T. and B. II. Kirsop: The origin of the
medium chain length fatty acids present in beer. J.
Inst. Brew, 83, 241 (1987).

. Clapperton, ]J.F.: Caprylic flavour as a feature of
beer flavour J. Inst. Brew., 84, 90 (1978).

. Lafon-Lafourcade, S., C. Geneix, and P. Ribereau-
Gayon: Inhibition of alcoholic fermentation of
grape must by fatty acids produced by yeasts and
their elimination by yeast ghosts. Appl. Environ.
Microbiol, 47, 1246 (1984).

. Ribereau-Gayon, P.: New development in wine
microbiology. Am. J. Enol. Vitic., 36(1), 1 (1985).
. Beelman, R.B., R.M. Keen, M.]. Banner, and S.W.
King- Interactions between wine yeast and malo-
lactic bacteria under wine condition. Dev. Indusir.
Microbiol., 23, 107 (1982).

. King, S.W. and R.B. Beelman: Metabolic interac-
tions between Saccharomyces cerevisiae and Leu-
conostoc oenos in a model grape juice/wine system.,
Am. J. Enol. Vitic., 37(1). 53 (1986).

. Edwards, C.G. and R.B. Beelman: Inhibition of the

10.

11.

12.

13.

14.

15.

837

malolactic bacterium, Leuconostoc oenos (PSU-1),
by decanoic acid and subsequent removal of the in-
hibition by yeast ghosts. Am. J. Enol. Vitic., 38(3),
239 (1987).

Koch, T.K., Gordon, A.S. and Diamond, 1.: Pho-
spholipid methylation in myogenic cells. Bioch.
Bioph. Res. Comm., 114(1), 339 (1983).
Lafon-Lafourcade, S.: Wine and Brandy. In Bio-
technology, G. Reed (ed), Verlag Chemie, Wein-
heim, Vol 5, p. 81 (1983).

Viegas, C. A., Sa-Correia, 1. and Novais, J.M.:
Synergistic inhibition of the growth of Saccharo-
myces bayanus by ethanol and octanoic or decanoic
acids. Riolech. Lett., 7(8), 611 (1985).

Sa-Correial, 1.: Synergistic effect of ethanol, oc-
tanoic, and decanoic acids on the kinetics and the
activation parameters of thermal death in Sac-
charomyces bayanus. Biotech. Bioeng., XXVill, 761
(1986).

Banner, M.]J.: Relationships between wine yeast
and malolactic bacterial growth with regard to
changes in the amino acid composition of synthetic
“model-wine” medium. M.S. Thesis, The Penn-
sylvania State University (1973).

Krauss, G. and M. Forch: The influence of dif-
ferent fermentation methods on the formation of
lower free fatty acids., Amer. Soc. Brew. Chem.
Proc., 33, 37 (1975).

Clarke, B.J., Davine, D.F., Hawthorne, D.B,,
Kavanagh, T.E. and Moulder, P.].: Factors affec-
ting the formation of medium chain fatty acids dur-
ing fermentation. M.B.A.A. Technical Quarterly,
18(4), 188 (1981).

(1989 84 1294 A<)



