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Effect of Lipase in the Sake Morom: Brewing Process
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To examine the possibility of controlling the flavor of sake by enzyme addition, the effects of ten
kinds of commercially available lipases on flavor production during sake moromi fermentation were
investigated. The results showed that lipase addition tended to increase the ethylcaproate content
and decrease the isoamylacetate content. Among the lipases examined, Lipase PS had the most
marked effect, and this lipase was selected for more detailed investigation. Six runs of sake moromi
fermentation were carried out with varying amounts of Lipase PS. The results were as follows.
The isoamylacetate content drastically decreased in all runs, while the ethylcaproate content
increased with increasing lipase addition. Apart from isoamylacetate and ethylcaproate, other
parameters were not affected. When lipase purified from Lipase PS was supplied during sake
morom: fermentation, similar results to the above were obtained. No significant effects was observed
when deactivated lipase was added. Since purified lipase degraded both isoamylacetate and ethyl-
caproate in an in vitro experiment, the increase in ethylcaproate resulting from lipase addition ap-
pears to be a characteristic unique to sake morom: fermentation.
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Kb ) A= ERFEE L, BRI 2 5B EER Table 2. Proportions of materials used for sake moromi
LD T 5. fermentation.
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£ B 5 E feed  feed  feed ota

R MRLOMORMRBCHLE) VW © B0 00 w0 00

. . . eamed rice (g . . . .
PR g— \ I3 I 2 _

CANL, TR REFRIIRC ) < — ¥ A (dsper Koji @ 50 50 100  20.0
gillus niger '), ) - — ¥ AK (Pseudomonas sp. #2IR) Water (ml) 235 400  65.0 1285
) S8 — ¥ AY (Candida rugosa #8JR), ) -%— € D (Rhizo- Mineral solution (ml) 1.0 — — 1.0
pus delemar BEE), VU -S— ¥ F-AP-15 (ha'zapus oryzae Fal Yeast broth (ml) 0.5 — — 0.5
B, V=X G (Penicillium camembertii #8JR), VY S—+&

L (Candida lipolytica 2YR), V »% — ¥ M (Mucor javanicas
), V2 — PS (Pseudomonas sp. Folf), B IOV < —
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Table 1. Enzyme activities in commercially available lipases.?

a-Amylase  Glucoamylase Acid protease  Acid carboxy-peptidase  Phosphatase  Lipase Xylanase
Lipase A 30.58 5.80 43.2 299.1 16.33 117 0.151
Lipase AK 0.10 n.d. 18.1 n.d. 0.18 27,920 n.d.
Lipase AY 0.04 n.d. 4.5 n.d. 0.21 11,580 n.d.
Lipase D 1.65 12.28 275.5 n.d. 0.21 16,590 n.d.
Lipase F-AP-15  2.68 7.66 11.6 n.d. 0.21 10,700 n.d.
Lipase G 0.06 0.39 31.6 n.d. 0.69 28 n.d.
Lipase L 0.02 n.d. 68.4 63.5 0.33 22 n.d.
Lipase M 0.06 0.39 145.8 18.5 0.21 1,710 n.d.
Lipase PS 0.12 n.d. n.d. n.d. 0.23 15,120 n.d.
Lipase RF 0.74 0.29 0.6 49.4 0.68 8,270 n.d.

2 Fach enzyme activity is expressed as units per mg crude enzyme powder.

n.d., Not detected.
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Fig. 1. Flavor contents in sake produced with addition of

commercially available lipases. Numbers on the horizon-
tal axis indicate each run of sake morom: fermentation: 1,
control (without lipase addition); 2, with Lipase A; 3, Li-
pase AK, 4, Lipase AY; 5, Lipase D; 6, Lipase F-AP-15;
7, Lipase G; 8, Lipase L; 9, Lipase M; 10, Lipase PS; 11,
Lipase RF. Bars: T, i-amylalcohol; B, ¢-amylacetate; O,
ethylcaproate.

LT, #ihg) A=Y AACRTETT A1
MRS, HiZ) =L PSIHEIMS AL T EHDT
BAMEEL /- Tte. Fleh 7 e V= F 112D\ TiL
MR EHE LT, #R& ) = ERnd AR R\ TH
mTAEEIHD, B ) A= EPSKINY S—+
AK RIS HARL BT BOKL 4518 LT
1.
T, &) A—-YEIROREREN: (Table 1) & 2
LTRSS Lc &b AAFOBRNS BT
HEARE 2 kv 7. L DOfER% Table 31”7 . b
LS L B, V= EEROLLEERET VT I
BIOH 7 e vB=F 1 DEELHHEEOHEEIRS
Niz. 2oz bk, VA—EREES AL TORLRS
THHIRMTR = AT VDRI DB G 7o LT
HLEHRBETHEDEELZLNA.
FHEDAHBBECREFTUN—F PSOFE IR0
Lied ARFEEERBRIC S W TR 10fE D ) 2 — EFH]
D5H, MEREHK L TERBR=AT 18R/ - b
KELEBH 5270 =€ PSICOWT, T, &b
R A A L E L. 22T, BINT A Y S
¥ PS DR FRRKOERICK L T0.05~2.0% D 6 B
ELTHAHLRBEARBREIT, V) S — CREINOF R
B b el U, BREABRC X 0185 - BUEHEO—B
By % Table 4 1CR3. 72 — LR A\ LA — £
El o oA, V- KPS DERIEIC L DITE
AMEBB Ulhrote. ZOZ L, b DK
LT, VA-X¥ZhBARZIZLD ) - € PSIKEH X
NABERAIEEAEFEYRIT I E xR LT
B, Flohuk, VA—EPSIEEFNA Y A— LU
DEEFRIEYE (Table 1) 5, WICH T h LM & HE LT
MRTEDLENLLBEMBINSG.

—7, BHEBBEOEIRD BB W LIcfiR % Fig.
QIR BEEA V7 I A ROWTE, VS —EPSD

Table 3. Correlation coefficients between flavor content
and enzyme activity.?

-Amylalcohol i-Amylacetate Ethylcaproate

a-Amylase —0.2702 —0.0256 —0.0812
Glucoamylase —0.2223 —0.1884 0.1474
Acid protease —0.0974 —0.0650 0.2136
Acid carboxypeptidase —0.0833 0.1384 —0.0017
Phosphatase —0.2721 —0.0041 —0.0823
Lipase 0.1380 —0.6338 0.5647
Xylanase —0.2944 —0.0246 —0.0881

2 Each correlation coefficient was calculated using the data
in Table 1 and Fig. 1.
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Table 4. Analytical results for components in sake pro-
duced with various amounts of added Lipase PS.

Alcohol? Sakea Acidity? Ar_ni_nc;

%) meﬁer (ml) acidity
=) (ml)
Control? 15.9 —-9.0 2.35 1.15
Lipase PS 0.05%°  16.0 —7.8 2.30 1.09
Lipase PS 0.10% 15.7 —6.5 2.28 1.13
Lipase PS 0.20% 15.9 —5.8 2.25 1.18
Lipase PS 0.50% 15.6 —7.0 2.38 1.27
Lipase PS 1.00% 15.4 —8.5 2.50 1.17

Lipase PS 2.00% 15.2 —10.8 2.75 1.50

2 Measured values according to the methods in reference
(10).

b In this case, sake moromi fermentation was carried out
without addition of Lipase PS.

¢ The percentage indicates the amount of Lipase PS added
in relation to the total amount of rice used.
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Fig. 2. Tlavor contents in sake produced with various
amounts of added Lipase PS. Numbers on the horizontal
axis indicate each run of sake morom: fermentation: 1,
control (without lipase addition); 2, with 0.05% Lipase
PS; 3, 0.10%; 4, 0.20%; 5, 0.50%; 6, 1.00%; 7, 2.00%.

Bars are the same as in Fig. 1.
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Fig. 3. Flavor contents in sake produced with or without
lipase purified from Lipase PS and with deactivated lipase.
Numbers on the horizontal axis indicate each run of sake
morom: fermentation: 1, control (without lipase addition);
2, with Lipase PS; 3, with purified lipase; 4, with deacti-
vated lipase. Bars are the same as in Fig. 1.
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Fig. 4. Substrate specificity of lipase purified from Lipase
PS. The activities are expressed relative to the activity for
p-nitrophenyl-lauriate. Numbers on the horizontal axis
indicate: 1, the activity for p-nitrophenyl-lauriate; 2, for
p-nitrophenyl-caproate; 3, for p-nitrophenyl-acetate.
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