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Nitrogen I etabolism during Fermentation in various

vinification Processes

Part 1. Fate of Amino Nitrogen
By Yuwao Ouara, Moto-o Kacami and Hideo NoNOMURA

Most of the Iiterature on nitrogen content of wine has dealt with the elimina-
tion of it from must as much as possible, because of the lower nitrogen content,
the wine has greater stability. We have been considered, however, that the deficiency
of nitrogenous substances especially amino nitrogen content in Japanese wines is
one of the most noticeable difference between our products and the wines of world-
wide repute, and a suitable amount of amino nitrogen accumulated by either exc-
retion or partial autolysis of yeast should responsible for the amiable flavor and
much of the characters in palatability of the wines.

The purpose of this paper is to present a further consideration of these nitrogen
metabolism of yeast during fermentation of the musts previously treated with
usual agents.

Experiments on the vinification practised during the past two years in our lab-
oratory suggest that the differences between the amount of nitrogen remaining
in must unassimilated (R)and excreted again(S) by yeast, seemed to indicates the
activity of nitrogen metabolism of veast, whereas these activity (S-R) was not
linearly proportional to the yeast growth or yeast count (n).Moreover, the increase
in excretion of amino nitrogen (i.e. (S-R)/n)was promoted by a steady growth in
rather small yeast populations of the musts, which was either treated with bentonite
or with gelatine and tannin, or prepared by adding magnesium sulfate and ammo-
nium phosphate.

The occurrence of an appreciable increases in amount of amino nitrogen was also
observed during the short period of settling and filtration of a sulfited must before
vigorous assimilation begans.

The possible importance of must treatments for stimulating the accumulation of
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amino nitrogen in the must is discussed.
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TNV BCEAEINGER (N) A0 EE, 7 FVBEOEFRCERSEFROEG B
DTHHLEZXEED (55—/57)") RSB AEEECHET v =T A ML
E7 FUBEZREL, N—{tAYr7 FUBEOEREHEC RIS THEYRET Loy, 7
FUBCERGETAN—LAWDOERE LD 7 F o BEOREBICEIEE 3 5 B OB E R U H7E
REBIZL - TEEENRDELD T, TOEBAGRBIC L - THN—REMFBCERY
ST LBYURELOND, FhBCh-REROACHBY N7 FUBCERINS
XHREY, TI/EBELTRERTAE=Y, VYV, ERXFCUVROAFA=UREML
TR B2 EEEDOWTIL SsissaKGAN (’53), % HENNIG (55-'58), %" BOURDET (’58), %
NiLow (’58),%) DUMITRESCU (’59),!" & % < ORFFENIME I N T 523, FHEDIIFEE
BO—WEEED T FUEAARRICY » (RERG Y RCTIEEORBI OV TNILE
WReT I/ B—NOBMEELHIEL, RAZG TR TORBIEFANERCE::EhS

CERBEDILDTRI L2 T ENOLOEELXRE L1,

£z B oo 5

FMED T Py FR L LR L Db B L OB R ED 262% £CH
WHECHIE L TABLE I OMEE Sl THME LoD bWIhd 7 By iEE £ 0C-2
(Saccharomyces cerevisiae) %Nz, RERZHOFEHRCHORE LER CREIV:,
EERAGIEF 33 £ (1958) F, EEB & CIZA—DRT2 i L-CHEM 34 £ (1959)
FIZEH LIch DTHB,

Eh A

BERF DT R E B oD REF ORI e 4 3 v B, EAF RO/ b T UEERRM

Licd D(A—1D), EFE (MgS0,-7TH,0) rEEMmT v e=vs (BEHE) &ML

TABLE

B0 (EEEA) Preparation and Nitrvogen Content of the Musts used (Series A)
X 7 I ORI O O & £-N 7vE=7-N 73 /-N HE
Must Lot Additions or Dosage T.N.a) NHz;-No) NH,-N2) Sugard)

l mg per | mg per 1

A-0 20 Control 395 40 55 25
A-1 20 Vitamin B,, 2 ; Biotin, 003 ; Pa,*2 395 40 55 25
A-2 20  MgSO,7H,0, 200 ; (NH,).HPO,, 200 590 64 55 25
A-3 20 “Kokulase”*¥300 395 40 55 25
A-4 20 Aeration (bubbled for 10 days) 395 40 55 25

a) Total Nitrogen by the method of Kjeldhl, b) Ammonium N by the method of micro-
diffusion analysis, ¢) Amino N by the method of van Slyke, d) From refractometer
readings after sugaring.

* Pantothenic acid, *¥ A enzymic preparation made from a culture of Aspergillus oryzae

(Sankyo Pharm. CO,, Tokyo).
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oD (A—2), ZHBE K K. X VREIhCEBEAERIN <277 —-€>%2RML
2b D (A—3) ROBERRM L FARICHEFEROCRSIE » 7221 10 BRE@EX L
D (A—4) ZHBEX (A—0) LHE LK,
£B B

Rt oxe LTEAERKRET D, b0 tnrsr ) (KS:0,) % S0, &L
T 150 ppm Mz 7c®b, 1,500 FD1EDO~> b4 MCHMEL 24 BERELCOD
R ERE LD D (B—1), BritxtoxE 24 BHBEL, VWb 2 RER OS]
(debourbage) %77\, REEBAIEL D 9 H BICk CHHI LK 156 KRFHE L CHOLEY %
BrELbD (B—2), HHEIC X DRI U 40 125 =K 20ml #iizi-ObEE
D12E7F WMz 24 BEKRE LcobitBrkELicbo (B—3), RUE
XTI LIRS 90°C iKie» Th b 2 HAHFARICE » o0 bam LB zirE Lic
30D (B—4) zHEX (B—0) X Hh# L,

TaBLE Ib
FRBOFME (EHB)
Treatment and Nitrogen Cortent of the Sulfited Must* before Fermentation

(Series B)
X 72 it i je3 £—N 7rx&=7-N73/-N g
Must Lot Treatment fEANE NH;-N NH,-N Sugar
l mg per |
B-0 18 Untreated (control) 349 52 46 25
B-1 18 Bentonite (1 : 1,500)a) 316 52 46 25
B-2 18 Débourbage ; Chilling? 293 52 45 25
B-3 18 Gelatin (1 : 5,000)) 316 52 45 25
B-4 18 Heatd> 321 52 45 25

* KaS,05(S0, 150 ppm) was added to each lot of must.

a) Racked after fining for 24 hr. b) Racked twice : before fermentation by settling for
24 hr. and after 90 days by chilling for 15 hr. c¢) Racked after fining for 24 hr. by
19 gelatin and tannin, d) Heated for 2 min, at 90°C, followed by cooling prior to
racking.

For other abbreviations see TABLE Ia.
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EEBBLE UCRITCERNE L BEEL TR ER 0.2g/] 5uRMm L, FEERT OB LEER
EFEB LA 5 KT I REERT OB &% Licdh D (C—2) KIKkA * #F L %
K. K. #EREEARELT 3 v 7 220.68/l ML, HERRTOGRHMEYTb
e oic,
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TaBLE Ic
REOFIME (E8BC)
Preparation and Nitrogen Content of the Must containing Magnesium and
Ammonium Salt* befove Fermentation (Series C)

X & n B % 2N 7.2=7-N 73 /-N e
Must Lot Treatment T.N NHg-N NHo-N »Sugar '
H mg per 1 ‘
C-0 18 Untreated (control) 356 72 46 25
C-1 18 Bentonite (1 :1,500) 345 72 45 25
C-2 18 Débourbage ; “Amix”*¥ ;340 - 72 ©85° 25
Cc-3 18 Gelatin (1 : 5,000) , 356 72 45 25
C—4 18 Heat 345 72 -46 v . 5025

* 0.2 g/l MgS0,-7H,0 and 0.2 g/ f (NH,),HPQ, .added to eac_h;lot of sulfited (SOz s
150ppm) must at the time of ino-culation. 2 ) i
**A hydrolysed product of proteinous materials.
For other abbreviations and treatments see TABLE Ib.

KX FEEEER | — < RIIBRET MR L VBRI HIE L, £-N koA d —nik,
T =T B-N% Conway ('50)') O@EHEE, 73 /8B-NE2/ Xy A74 7%
CIDVEELLY, RRECRUSEBRIZLST I /8E-N OGRS WEXEL L, *
DI s L,
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Fig.1.Fermentation of Series B : Changes in Refractometer Reading
(—)and” Temperature (-====== ). For must No. see TABLE Ib.
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1. EEHE (n) {
%%Amxmfﬁgﬁ%mﬁﬁwﬁﬁﬁ%%%@#étFgE@iéK&D,%@ﬁ
(n) REEANZAEMLcdo (A—3) HEZR LD (A—4) 0L LEE

o TOBBAHTLIHBRE (A—0) XhdEkot, L LEEOEE L LT

23V (A—2) FlEEYRMLzd D (A—3) Tk, Eo CHRBRRE X VD77

D, BIEREELA—3, A—4NEBTCHLIDIR LA—0 XD &R VEETH -1

BERE DRITEIC X D nIXEEH OB & e —AREECE L, FOOBREICTRAILE LT

WP TBN, TOFPREBIZA—-4, PEIRELA—-0,A—1,A—2DFRETXIL

ENTH -T2, :
EBRBRUCEBWTH A—2,A—3 OBEALAKCTRCRL, BHIE L HELER

fmticd o (Fig.3C) MC—0 X Cch %2, ERELTROOEEAFM LRV 3 O

.

(Fig.3B) XV B> TnidmlinsThb, BHOMBHFEOEELLD LN M

4 MAEDOLD (B—1,C—1) onsdil, £5F MEDLD (B—3.,C—3)
MEL TS Th B, =1 ' i o

Yeast (n x107)

I L 1 1 1 L L L A i

0 5 10 15
Day after Start

Fig. 2. Effect of Dosage of various Growth Promoting Agents
on the Yeast Count during Fermentation with the Musts -
(Series A). For must No. see TABLE Ia.
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HEEROE R TABLE Il K Rm Lk iR EBVE—NEZ7T~10HHET v ==
THE—NZ4~6 HEC—HBDTHINHOEMLE-N BRoOREESM LD, HE
ATRT vE=THE-N & 10 HEIMERECEMN L 50~55mg/l i LT\ 55, B
Lid o (A—4) Tk 6mg/l LB Chieh o7,
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Fig.3. Effect of variousTreatments of Must on the Yeast count during Fermentation
with the Musts (Series B,C). For must No. see TaBLE Ib; Ic.

TaBLE 1I
RBh=ERSOEA
Variation with Time of the Amount of Nitrogenous Compounds in the Musts
: SeEER BT = % & B Amount of N found 1

After A-0 A-1 A-2 A-3 A-4 B-0 B-1 B-2 B-3 B4 C-0 C-1 C-2 C-3 C-4

days £-N& L as Total-N (mg per I)
a 205 250 221 289 251 —_ = = - — —_— = — =
5 91, — 85 —:. 55 283 322 300 312 351 368 351 425 351 329
Y 85 97 88 90 70 101 330 — — 322 33 — — 335 316
10 7 99 95 92 108 130 130 193 114 142 108 158 250 159 113
15 110 101 110 93 108 SR R — g
23 —_ = = = = 142 125 142 142 150 120 140 259 158 146
25 123 112 123 105 99 —_ - = —= = e

NHg-N = L as Ammonium-N (mg per 1)

2 afgio= T gRRaT S Y SR SR O A e e
3 —_ = = = 36 44 44 48 52 _— = = = -
4 2 10 8 0 0 e S= s Bve e
5 = ot =S 5 52 52 36 52 e R MRy e R )
6 2 2 10 10 30 St ARG Y (T — B
1:¥ 10 16 12 45 40 —_ = = = = = == e urm o
16 50 58 50 52 6 _ = = = = _ = = = =
26 50 55 50 55 6 _ = = - — _— = = = =

NHs-N = LT as Amino-N (mg per I)
3 20 15 15 45 39 - - - = = - - - = =
5 TS &/ D ) R 1.2 S ) 45 56 77 74 69 63 84 95 73 73
7 19 18 18 20 19 20 63 70 58 74 72. 53 93 86 75
10 200 - 200 Z1. 22 26 17 42 24 58 24 31 — 21 7
15 20 21 22 23 24 S it e - - = - =
16 -— ey = e 2811 0211 33 31 23 30 24 49 43 31
25 20 20 21 22 23 I e 1 R e
i 27 - = = = — - - - - - 38 48 58 45 33

For must No.see TABLE 1.
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3. T 3I/-N E
1) TI/E-NOHNE SEHOT I/ E-NEREOBRKRL HCERICL D ELIh—EBEE
(R) ETT25A, TODBLRECHENLEAREE (S) ¥ TEATS - L3k HenN &
(’55)" RUTE ~ i\ T THORNE('58)') OB bnic LT BB D Thotee EIBERA T
ZHEEBAGES HHMBRICRECTINRYKME 15 BEIZSIKELTWAD; EBRB: CTRMA 10 BE
ICRIZTA2AD 20~27 HEHIZ S EMN T3, TOMICNY bF4 MBI Y SBRKER O
N- & BRI ThBED LD Y S0, 24 BICER Lol $ Tl E % B
L, TOMCRIOEASMERICL230LEZLNES, REFOT I /E—NGESERITO
LD s Y EINT5RENFED bz, (TABLE I, T)
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Fig.4. Variation with Time of the Amount ‘of Amino Nitrogen in the Musts.
A, B, C, Series A, B,C, respectively. For must No.see TABLE 1.

2) BEICLBEEBIN BEEBOREGTT I /E-—NSGEARITIABAHHML nOFECETS
B2 ML TR 5 LB L CERLAMICHEEE LDCd0 (A—4) DAOKRCinigkEIC
BETHUIMCICT § /VRE—NIZREME (R) ZRLTWBHDT, BACHEBEFOE  CERMEIT L
BEDRENZ EDfES, L LETOEME (T—R) &n&ZEAwFficnodinuwKy <4
{IgsTd, O Lit BAHADUR b (59 OBMEL T2 X JKEROEENR L & 538
FOWINAE & VIS Ted TR A S ML HEZL HILb, T . '

3) EEEOW (excretion) £ KB nOVRVWERBCIRT I JE—NOEENRRETTIFN
B HILIS, BRICL D SWECRATOBI L - CHNT 57 3 JBE—NOR (S—R). & %<,

EBRATRTOENE 2 I VEMK (A—1) RUEERMK (A—2) CEHY O HMIER Fix iCieus:
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TWIcEAR, B34, BELELID (A—14) RUOBERAIK3 7 5 —E>% %M LERZ 28
EXeldD (A—3) D2~3f5ris->Tuw5 (TaBie ILFig. 5) BIH&R$ET I / E— NI
BRI ARERI L~ (S) K- eBEROMMERC X 58 (S—R) TRENRDHDER
7 FUBECERET ST I /BOBERIE - TWA Z LR HEEENS,

TasLE III
T /REREHREOREPC ST 2 HBRK
Relation between the Amount of Amino N and the Number of Yeast cellls
at each Periods of Extremes

K4 FREZEEth BAS 7 3 /B8 Amount of NH,-N found at the time of Extremes i
ZTOH -N Min. level Decrease 4¢) Max.level Increasee (S-R)
cells b G S0

% _ : &
Must  ty® ) Ts  t® R (T-R)(T-R)/n t®» S (S-R)(S-R)/n (T-R)
%

-
~

days X107  mg/l days mg per days mg per

A-0 0 9 55 5 1% 38 4.2 15 20 3 0.3 8
A-1 0 9 55 5 12 43 5.1 15 21 9 1.1 21
A-2 0 8 55 5 10 45 5.4 15 22 12 1.4 26
A-3 0 11 55 5 19 36 3.2 15 23 4 0.3 10
A-4 0 il 55 5 19 36 3.2 15 24 5 0.4 13
B-0 3 10 46 7 20 27 2.8 13 28 8 0.8 30
B-1 5 ) 63 12 14 48 5.7 27 42 28 3.3 57
B-2 6 10 77 12 32 45 4.5 27 41 9 0.9 20
B-3 4 13 44 9 7 37 5.2 21 37 30 2.3 45
B-4 @ 11 74 12 21 53 5.0 27 30 9 0.8 16
C-0 4 11 72 12 21 51 4.7 27 38 17 1.7 33
C-1 5 g 84 12 17 67 9.5 27 48 31 4.5 47
C-2 6 9 95 16 49 46 5.1 27 58 9 1.0 19
C-3 6 10 86 10 21 65 6.5 21 50 29 2.9 44
C-4 5 8 75 10 7 68 8.5 37 38 31 3.8 45

a) tg,t;,ts, Time to commence the fermentation, to fall to lowest level, and to rise to
highest level respectively, b) The number of yeast cells at a period of maximum
growth, c¢) Initial level, d) By assimilation of yeasts, e) By secretion and autlyses
of yeasts.

4) BANEoRE FEMBTCEETERY b4 LB (B—1) Blik¥s5F o A4E (B—3) L
BE, BROBMAE (T—R) WOKH/WE (S—R) B LMEEL, AL ENERCTY
BT I JBEREMLIESD (C—2) UAVLCSRORSIEDNTHED b, RICNEFDHRAKA
WE L RO E L (TABLE 1) 7 3 / fB— NOHE#E L £ OO B4 ) OBHSH (T—R)/n
B (S—R)/n DETHE L THBE, NV FF4 MUELCOBIBEFIE L B2 Em L CREER
R/edD (C—1) REECHEEXRL, MBX (C—0) D2~3fFL7h, TORCMBMEL
3D (C—4) DENKTH-T, FLREMOET | EXLIcdn (B—2, C—2) CTREFDH
TECHES T I /B—NORAIE (B BEENDRVWS, ThivdooX 5Aifn b e Tl
L > TEREINDET I /JB—NOEXMORSD D & KK L T b e, T O FEE X NILOW
C58)VD W5 X HERC L Y HESEATH IR B L W 2 L 3UREL DN S,

5) SBMME BRI IELINCT I VE-NCHTAH WETOMC L Y FBOHEMLAT  /
B—NEROHE (S—RI/(T—R) ZRC/WHEMEL LTHEL TH5 LRER 8% (A—0)
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Fig.5. Proportion of Amino Nitrogen Decreased and Remained during the whole period
of Fermentation in each Must tested. A, B, C, Series A, B, C, respectively.[]. Relative
amount of decrease by yeast assimilation ; %, Relative amount of Increase by veast
excretion or autolysis ; 7/, Remained unassimilated. For the must No. see TABLE 1.

4. 7 FUBEORE

InEJLEX (B—4, C—4) BHEEBKTRIERET, ILRWCESLEESE LY
FREEHMOE N o RBAREREET S L 5 Th o,

— R T FOECHRGETHT I /E—NEDZ WO, K LcERRL D, E/oBE
BOEMCXEP LicT I /B—NE (T—R) T 2EBBOFWTOMIC L D ERS
nicE (S—R) DHERGVWEAE, EEWARWLITHD,

TaBLE IV
HEEEO SHTGE Anaysis of the New Wines Obtained

9 Tk LIFA ﬁi%‘l:iﬁ fem. xFr gy &NTI/ R&-N NHo-N

Wine Alc. Ex @) TLAN LE.® T.N. NHs-N T.N.
vol. % g per 1 mg/l %
A-0 15.2 3.4 1.44 7.0 14T 2.8 130 20 15
A-1 15,2 3.4 0.94 6.8 13 2.6 106 20 19
A-2 15.2 3.4 1.44 7.3 1.2 2.6 120 21 18
A-3 15,1 3.4 1.95 7.0 1.2 2.6 114 22 19
A-4 18.5 3.4 1.06 7.8 ) 2.6 97 23 24
B-0 14.5 6 2.10 6.0 0.8 3.11 160 29 18
B-1 14.5 5 1.97 6.0 0.9 3.09 140 39 28
B-2 10.8 11 6.75 6.0 0.3 3.12 179 41 23
B-3 14.6 4 0.48 6.2 0.7 3.16 160 44 28
B-4 12.7 8 3.80 4.6 1.0 3.18 161 32 20
C-0 14.8 5 1.67 6.2 0.7 310 147 35 24
C-1 13.9 7 2.82 6.2 0.7 3,12 175 48 27
C-2 13.0 8 4.17 6.2 1.2 3.16 245 53 22
C-3 15.0 6 1.31 6.3 1.0 A | 180 43 24
C-4 14.0 8 3.62 6.1 1.2 3.12 159 32 20

a) Reducing sugars as glucose, b) Total acids as tartaric, c¢) Total esters as
ethylacetate,




16 CINB, e 25, Bkt
oy 15

1) Bitashbn LdAy bF{ METHE LERBTIE2—NOBSKD LT3 0%
LRTHDN, SO Mz BENHERBINGL, TOM W1EHE) 7 I /E—No
ENNTe VML, ;
2) BBV TRBIEBIC X VELEEBDT5T I/ B—NOEW G HUERIC
L OSSN BB, EENOMAN L XHBA CEEFECTLY, BN (n) 0Pk
WIEA R OB OBIENR & i LCWcB A, Bo TEL R EARD B,
3) Btk b F 4 PREE T F M LA IR & IR TN LT SR
BB E, WONrCEBICL AT I/ E—NOBLECSWBEIREKR L,
o, AERCHPISNCERERE, SHEATHECEHRL T,

L2 Hik

D) NE, R, W EEEE UCBIBASE AR Ll 7 F Y OSBRI,
IWFCREREERF 2, 1 (1955)
2) /NE, BFaf, #HH: ﬁiﬁﬁ%ﬁﬁﬁé%?ﬁﬂﬂtté?“ FoEOREE, L, 34, 431
) (1951) .
3) NE, MHE, Far, ful: BERKEEAERN LAY FYBEORE ILEKRR
EEBF, 4, 25 (1957)
4) SsissaxcaN, N. M. & E. N. BEzZINGER : Changes in the Amino-acid ‘compo—
sition of wine in the primary Fermentation period. Biochemiia, 18, .
412 (1953)
5) Hennig, K. : Der Einfluss der Eiweiss—und Stickstoffbestandteile auf den
Wein, Weinb. u. Keller,2,283 (1955)
-6) Hennig, K. : Ueber die Vergarung von Mosten unter Zusatz verschiedener
Enzyme. Ibid. 3,435 (1965)
7} Hennig, K. und P. VENTER : Der qualitative Nachweiss der Aminosauren im
frischen und garenden Traubenmost. Naturwissensch.,45, 130 (1958)
8). BoURDET, A. et J.HErRARD : Influence de l'autolyse des levures sur la comp-
osition phosphorée et azotée des vins. Ann. Tech. Agr. L N.R.A.7, 177~
202 (1958) "
9) Nircow, B.I. und G.G. WavrLuiko : Schwankung des Gehalts an stickstoffhalt—
igen Substanzen wahrend der Garung von Traubenmost. (transl.) Vinod.
Vinog., 8,4(1958) : Ref. Weinb. u. Keller, 6,349 (1959)
10) Dumitrescu, L., A. Cioru und E. BIRNAURE : Schwankung des Sticksto-
ffgehalts in Most und Wéin in Abhéngigke'it von der Verarbeitungsweise
der Trauben_ sowie von der Mostbehandlung und der G'eirung.' (transi.)
Gradina, via si 'lz'vczda,S(S),38 (1959) ; Ref. Weinb. u. Keller, 35‘1 6,351(19
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12) THORNE, R.S.W. : Some recent work on yeast metabolism.
Brew. Digest, 33,54 ; 62 (1958)
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