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 n-Hcxanal  (a major  compenent  of  beany  fiavor) cari  be reduced  to n-he)cariol  by  endogenous

alcohel  dehydrogenase in a  soybean  extract.  The  substrate  specificity  for othcr  aldehydes  and

the participation of  coenzymes  (NADH and  NAD')  in this rtaction  were  investigated. A  soybean

extract  was  incubated with  various  aliphat{c aldehydes  (carbon number  3-9) at  37"C, and  the

amount  of  alcohols formed was  detemined. The enzyTne  had a  wide substrate  specificity,  the

enzymc  activity  deereasing as  the carbon  number  of  thc aldchydes incrtascd (carbon nurnber

3>4>5>6>7>9>8).  [1ie enzyme  activity  was  markeclly  promoted  by  the addition of  NAD'

as wel1  as NADH.  When  a soybean  cxtract  was  incubated with  NAD',  NADH  was  formod,
but no  NADH  was  fotmed in the soybean  extract  after  heating at  1ooOC for 5 min.  Thesc results

suggest  that  NAD+  was  converted  to NADH  by the action  of  an  enzyme(s}  in the soybeari  extract.

                                           (Received September  25, 1991)
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           INTRODUC[TON

  Soybeans have long been estabtshed  inJapan  as

a  rnajor  source  of  nutrition  and  are  prooessed into
fbods such  as  tofit, natto  and  miso.  So)r proteins are
high in nuuitional  qualityi' and  functionality.M
In addition,  soy  proteins are  eflbctive  for minimiz-

ing the plasma  cholesterol  level,3)"5} and  soybean

f6ods have recently  become  of  greater intcrest
throughout the world.  However, the character-

istic grassy, beany and  grecn  flavors of  soybean

forrned during processing and  ccoking  have hin-
dered its wide utilization.  The major  contributors

to these flavors are  the voladie  carbonyl  cornpounds

which  arc  eriz)trnatically derived from  the hydro-

peroxides of  unsaturated  fatty acids.`'  Soybean
contains  three lipoirygenase isonymes (L-1, L-2 and

L-3) which  e7(hibit diffi rent  kinetic behavior.')S)
va  have previcFusly dernonstrated the mechanism

for the forrnation of ruhexartal,  enc  of  the major
compounds  of  scrybean  flavor, as follows: In a
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soybean  homogenate, in which  the L-2 isozyme

reacts  predomhately with 1inoleic acid  to produce
IS-L-hydroperoxy-cis-9,trans-11-octa(lecadienoicacid

(13-hydroperoxide of  linoleic acid),  which  is
cleaved by  hydroperoxide  lyase to produce n-

hexanal under  normal  pH  conditions  (pH 6-7).P"co
  Various methods  have been reported  to  rernove

the scrybean  flavors: limited prcrteolysis,ti) cxtrac-

tien with organic  solvents,i2)  oxidation  by aldchydc

dchy(lrogenase'3)t4) and  oxidation  by Aeetobacter
aceti.r5)  Hamilton has reported  that the threshold

value  for n-hexanal  was  about  ene  tcnth  that of

n-hexanol.i6)  Thcreibre, thc conversion  of  n-heoc-

anal  to tehexanol  may  be usoful  for redudng  the
intensity ofthe  soybean･flavors.  Alcohol dchydro-

genase  has been used  to remove  aldehydes ffom

milk,i')  orange  juicciS) and  fuh protein hydro-

lysatc.tS) A  m ¢ thod  for removing  the aldchydes
in scyrnilk  by  the alcohol dchydrogunase  of  AsPer-

gill#s eo,tae  has also  been reported  by Yamaguchi
et al.2to In the  previous papcr,  we  reportocl  that

n-hexanal  was  reduced  to n-hexanol  by endogenous
alcohol dchydrogenase in a  soybean  extract  under

                                   9

NII-Electronic  



Japan society of Home Economics

NII-Electronic Library Service

Japansociety  ofHome  Economics

                            J. Heme  Ecen. J)bn.

alkaline condltfons.2i'  Thc  application  of  this

endogcnous  enzyme  would  be morc  convcnient

for removing  aldehydes  than  other  methods,  al-

though  itg action  has not  yet bcen completely

clarified.  Furthermore, the  substrate  specificity

against  other  aldehydes  has not  been fully eluci-
dated. This study  airns elucidate  the substrate

specificity  and  thc  participation of  cocnzymes

NADH  and  NAD'  in this cnzyrnc  reaction.

       MA,  r ERIALS  AND  METHODS

  1) Materials

  Soybean (Glycine mtzx,  var,  Tsuru-no-ko) was

obtained  from mazuno  Seedling Co. (Kyoto).
Various aldchydes  and  alcohols  were  purchascd
from  Nacalai Tesque Inc. (Kyoto) and  Wako  Pure
Chemical Industries Lrd. (Osaka). NADH  and

NAD'  were  purchased fix)m Kejin Co. Ltd. (To-
kyo), and  linoleic acid  (>99% purity) was  pur-

chasod  from  Wako.  All other  chemicals  were

purchased from Nacalai and  Wako.

  2) Preparationofthelinoledcacldsolntion

  A  linoleic acid  solution  (O,4%, pH  6.7) contain-

ing O.4%  Tween  20 was  prepared according  to the

procedure of  Grassman  and  Zakut.2M

  3) Preparationefthesoybeanextracts

  Soybean seeds  (5 g) were  soaked  ovemight  in

water  at  40C. After removing  the seed  coat,  the

soalced  seed  was  homogenized in 80 ml of  O.05 M

phosphate buffer at  pH  8.0 with  a  glass homo-

genizer (Potter-Elvebjem type)  in an  ice bath.

The  resulting  homogenate  was  centriftiged  at  8,OOO

rpm  and  4eC for 20 min. Thc  supematant  was

used  for thc experiments  shown  in Figs. 1 and

2 (the whole  seed  extract).

  Soybean fiour (20 g) defatted with n-hexanc  was

suspended  in 3co ml  ofO.os  M  phosphatc buffer at

pH  6.7 or  8.0 and  4eC  for 1 hr with  stirring.  [he

resulting  suspension  was  then centrifuged  at  8,OOO

rpm  and  4eC  for 20 min,  the supernatant  being
used  for the  experiments  sbown  in Fig. 3, and

Tables 1 and  2 (the dei]itted flour extract).

  4) Determin-tfonofaloohots

  The  soybean  extracts  were  incubated with alde-
hydes under  the conditions  described in thc figure

legends. After incubeting, the resulting  alcohols

were  extracted  by shaking  vvith  an  ethyl  ether  and

saturated  NaCl  solution  at  room  temperature  for

5 min.  After centriftiging  at 2,5oo rpm  and  50C
for 10 rnin,  the organic  layer was  flash-evaporated
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   to 1 ml  with nitrogen gas. The  resulting  con-

   centratc  was  use[t for a  gas-licluid chromatographic

   (GLC) analysis,  which  was  carried  out  on  a  Shi-

   madzu  Ga-9A  gas chrornatograph  equipped  with

   a  flame ionization detector and  a glass colum  (3
   mm × 2 m)  packed with  10%  PEG  20M  on  Chro-

   mosorb  W  AW  DMaS  (80-10e mesh).  The  flow

   rate  of  nitregen was  50 ml/min,  thc  colurnn  oven

   temperature  being programmed  at  800C for first 4

   min,  from 80 to 18orC at  150Clmin, and  then  1800C

   for 10 min, The  alcohots used  as the internal

   standards  werc  as foUows: n-butanol  (C4) for

   determining  n-propanol  (Cs), n-pentanol  (as) for
   n-butanol,  n-hcxanol  (C6) for n-pentanol,  n-hep-

   tanol  (C,) for n-hexanol  and  n-octanol  (C,), and

   n-ectanol  for n-heptanol  and  n-nonanol  (Cg). The

   alcohol-forrning  activity  is ertprcssed  as  the alcohol-

   forrning level (nmol) per mg  of  protcin.
    5} Determinationafn-exanal

     n-Hc)canal  was  deterrnined by the  same  mcthod

   as  that used  for the  alcohols,  n-heptanol  being used
   as  thc  internal standard.

     6) ldentificationofalcohols

     The  alcohols  were  identified with  a  Hitachi  gas
   chromatograph-mass  spectrometer  (M-80), using

   the same  sarnple  as that prepared for GLC  analysis.

   The  columm  and  oven  temperature  program  was

   tlie same  as  those  for GLC  analysis.

    7) Proteinc(mtent

     Protein content  was  deterrnined according  to

   the procedure of  Lowry  et al.2"  with bovine serum
   albumin as the stanclard.

    8) Determinsti(mafNADH

    The  dcfatted see(l extract  (4 mg  protein/ml at

   pH  8.0) was  incubated in the presence of  l mM

   NAD+  at  S70C for 30 min. Tthe protein was  then

   rameved  by hot 70%  ethanol  according  to the

   procedunc of  Okuda.24) After centrifuging  at

   3,Ooo rpm  and  50C for 15 min,  the supernatant

   was  evaporated  undeT  reduced  prcssure. [he

   rcsulting  residue  was  dissolved in a  25 rnM  Tris-

   HCn  buffer (PH 8.7> for a  high-perforrnance liquid

   chromatographic  (HPLC) analysis  according  to

   the procedure of Aso et al.tS' A  Shimaclzu LC-6A

   liquid chrornatograph  equippecl  with  a  UV  detector

   (SPD-6A) was  used  for this analysis,  Thc  detector

   was  set at  260 nm,  and  a  Lichresorb RP-18  colum

   (ODS typc, 5 pm,  4× 150 mm)  was  usecl. A

   C-R3A  integrator (Shirnadmi) was  used  for calcu-

   ladng the peak areas.  The  mobile  phase was  a

(1st)
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O.15 M  $odium  phosphate buffer (pH 6.8) contain-
ing 1 mM  EDTA  at  a  flow rate  of  1.5 mltmin,  and

the temperature  of  the colum  was  25-30"C.

       RESULTS  AND  DISCUSSION

  1) n-He:zanolformationwithalinelelcacld

      snbstratc

  The  optimum  pH  for alcohol  dehydrogenasc

(ofyeast,2e horse liver,i7) and  tea seedtS))  has been
reported  to be 7-9. We  have prtviously reported

that  its optimum  pH  in a  soybeari  extract  was  8-9,
and  that thb n-hexanol-forming  activity  at  pH  6.7
was  about  half of  that at  pH  8.0 when  the  soybean

extract  was  incubated with n-hexanal  added  ex-

ogenously.2i)  We  also  reported  that n-hexanal  did
not  apparently  decreasc when  the soybean  extract

was  incubated at  pH  6.7.'i' It is probable that
the n-hexanal-forming  activity  from  linoleic acid  is

much  higher than  its reduction.  However,  it was

not  clcar  how  much  n-hexanol  would  be formed
from linoleic acid  via n-hexanal  under  normal  pH
conditions  (pH 07)  in a  soybean  extract.  In
this study,  n-he)canol  was  detcrmined at  pH  6.7
in the soybean  extract  model  system  containing

dcfatted flour and  linoleic acid  (Table 1). n-

Hexanal and  n-hexanol  werc  formed from linoleic
acid.  [he concentration  of  n-hexanol  formed in
the period from SO to 60 min  was  lower than  that
during the  initial SO min,  although  gufficient  n-

hexanal was  formed as  the subetrate  of  alcohol
dehydrogenase. Groseh has reported  that, in pea
extracts,  linoleic acid  hydroper("ride formed from
1inoleic acid  by  lipo)cygenase oxidized  the active

site  (S,H group) of  alcohol  dehydrogenase to inac-
tivate the enzymc.2M  [his rnay  also  be the cas ¢

in a  soybearl  cxtract.

Table1. Formation of  n-hcsanal  and  n-hcxanol

        ffom exogenous  1inolcic acid  in a  defattcd

        soy  flour extra£ t at 370C

        in Soybean  Extracts

  2) SubsttatespecificltyofalcehDldeliJ,drpt

      genase
  [lhe substrate  specificity  of  alcohol dehydroge-
nase  was  deterrnined as shown  in Fig. 1. The  wholc

seed  extract  was  incubated with various  aldchycles,
and  the concentrations  of  alcohols  formed were

determined by GLC  analysis.  All exogenous  ali-

phatic aldehydes  (carbon number  3-9) were  re-

duced to the corrcsponcling  alcohols, and  no  other

products werc  dctected by thc GLC  analysis.  The

alcohol  dchydrogenase of  soybean  had wide  sub

strate  specificity  for various  aliphatic  aldchydes, as

has been observcd  in other  higher plants.2"-3i)
Each alcohol  increased during incubation (Fig. 1),

the alcohol-forming activity  of  alcohol dehydro-

genase increasing as  the carbon  numbcr  of  the

aldehydes decreased. This observation  is also

consistent  with  the case  for pea  alcohol dehydro-

genase reported  by Grosch.2g)
  3) Effectofeoenz)"neonalcoholformaticn

      in a  soybean  extzact

  Ncdhol  dchydrogenasc in soybean  catalynes  the

reducing  reaction  in the presence of  NADH.2b
'rhe

 alcohol-forming activity  was  deterrnined in

the presence of  exogenous  NADH  (Fig. 2). Thc

Incubation time

    (min)
n-Hexarul

(nmollmg
ofprotein)n-Hcxanol

(nmollmg
ofprptein)

7pon

g
s-,s8:`ai:

8-
g<o

Before incubation

      so

      oo

O. 591.
 221.

 39

a19o.
 soO.

 S5

A  defatted soy  flour cxtract  (9 ml, 20 mg  of proteinl
ml, pH6.7)  conmining  2.8mM  1inolcic acid  was

incubated at  37"C.

(195)

      O 60 1ro
            INCUBATION  TIME  (min}
Fig. 1. Time-course for alcehol formation ffom  various

      aldchydes in wholc  soybean  seed  cictracts

Whole seed  cxtracts  (3 ml,  17 mg  ofproteintml,  pH  8.0)

containing  20 mif  of  various  aldeliydes <Cs-CD) werc

incubated at  S70C. @,  n-prvpanol;  e,  n-butanol;  O, n-

pentanol; D,  n-he)canol;  -,  n-hrptanol;  A,  n-octanol;

A  , n-nonanol.
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Fig. 2. Time-ooursc for alcohol formatian ffom  various

      aldeliydes in wholc  scybean  seed  cxtracts  in the

      prcsence ef  exQgenous  NADH

wnole  seed  er[tracts  (S ml, O.4 mg  of prominlml, pH
8.0) containing  20 mM  of various  aldchydes (CrCg) and
1 mx  NADH  werc  incubatcd at S70C. O, n-propanol;

e, n-butanol;  O,  n-pentanol;  D,  n-hexanol;  -, n-hcp-

tanal;  A, n-octanol;  A,  n-nonanol.
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enzyme  activity  was  markedly  increased compared
with the case  in the absence  of  exogenous  NADH

(Fig. 2), suggesting  that the soybean  cxtract  did
not  contain  enough  cndogenous  coenzyme  for full
enzyme  activity.  Howcver, we  have previously
reperted  that n-hexariol  forrnation from mhexanal

was  strongly  promoted  in the presence of  exqge-

nous  NAD+  when  compared  with  thc casc  for thc
absence  of  NAD'.2i} When  NAD+  was  addcd  to

the soybean  extract,  the formation of  each  aleohol

from the  corresponding  aldehyde was  incrcasod,
but the level was  lower than that in thc case  of

NADH  (data not  shown).  This obscrvation  sug-

gests that NAD'  was  converted  to NADH  by
anothcr  rcaction  mochanism  in the soybean  ect-

tracts･ ･

 -) DeberminationofNADH
  Te  confirrn  that NAD+  was  converted  to NADH
by anether  reaction  mechanism,  the defatted seed
cxtract  was  incubate(l with  NAD+,  arttl the level

of  NADH  formed'was determined by HPLC.  No

NADH  was  detected in the defTatted seed  or[tract

with er  without NAD'  before incubation (Fig,
3A), but NADH  was  detected afler  30 rnin  of

incubation (Fig. 3B). The  level of  NADH  was

 12
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  about  60 pM  after  15 or  30 min  ofincuhation  (Table
  2). 'Ihe

 apparent  K.  value  ef  NADH  for the

  reduction  of  n-hexanal  by the alcohol  dchydr"

  genase was  previously reported  as 70 pM  in a  soy-

  bean  extract.2i)  Hence, the concentration  of

  NAD'  formed from NADH  seems  to have been

  enough  for the enzymc  to reduce  the aldehyde.

  On  the other  hand, when  thc soybean  extract  was

  heatocl at 1ooeC for 5 min, no  NADH  was  detected

  in the extract  afber  incubating with NAD'  for 30

  mh  (Table 2). This result  indicates that the

  conversian  of  NAD'  to  NADH  was  caused  by the

  action  of  an  cnzyme(s).  Morcover, a  reducing

  compound  seems  to  havc participated in this

  mechanism.

    Figure 4 indicatcs the reaction  system  which

(A) (B)

-a -a

b,

 O 15 30  O IS 30

              TIME  (m.In)
Fig. 3. HPLC  chromatogram of  the reaction  products
      aftcr  incubating a  dcfattod soy  flour extract

      with  exogtnous  NAD'

The defatted flour extract  {1,5 rn1, 5 mg  of  protcintml,

pH  S.O) containing  1 mx  NAD'  was  incubated at  37eC.
Peak  a, NAD';  peak  b, NADH.  (A) : before incubating,
(B) : after  incubating at  37eC for SO min.

Tabie2.  Formation ef  NADH  ffom NAD'  in a

       defatted soy  flou; e)ttract  at  370C

Incubation
  tirne

  (min)

NADH  (ptM)

Not heated Heated-

515sc eesase

o

(1es)

A  defatted scy  flour extract  (1.5 ml, 5 mg  of  protein/
rnl,  pH  8.0) coiitaining  1 mM  NAD'  was  incubated at
37"a .Defatted  flour extract  was  heated at  100eC

for 5 min.
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NADH x

    
      NAD'  xH
Fig. 4. Possible mechanism  for the reduction  of  alde-

    hydes to alcohols  in a  whole  soybean  extract  in

    the presence of NAD'

XH,  reducing  compound;  X,  oxidized  compound.

converts  aldchydes to alcohols  that fo11ows fbom

these observations.  After dialyzing the extracts  to

remove  low molecular  compounds,  the activity  was

markedly  lower in the presence of  NAD'  tlian in
the presence  of  NADH.2t'  Therefore, the reduc-

ing compound  (XH) seems  to have been a  low

molecular  compound,  and  its identification is
now  ln  progress.

 Our present results  demonstrate that  the endog-

enous  alcohol  dehydrogenase and  exogenous  cor

enzymes  converted  aldehydes  to alcohols  in a  soy-

bean extract  model  system.  This rcaction  could

be applicable  to soybean  foods to reduce  the  in-

tcnsity of thc beany fiavor.
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大豆抽出液における内因性アル コ
ールデ ヒ ドロ ゲナーゼ

　　　　によるアルデ 匕 ドか らアル コ
ールの生成

湯川夏子，高橋由襲子
1，藤村知子

＊，藤野吉世
寧，長谷川喜代三

＊，高村仁知
寧 ，的場甥佳

＊

（奈良女子大学大学院人間文化研究科，1
奈良女子大学家政学部）

平成 3 年 9 月 25 日 受理

　代表的な豆臭成分 で ある n一へ ＋ サ ナ ール は，大豆抽出液中に お い て は ア ル コ ール デ ヒ ド　Pt ゲ ナ ー

ゼ の 作用 に よ り n一ヘ キ サ ノ ール に 還元 され る．本研究で は 本酵素反応の他の ア ル デ ヒ ドに 対す る

基質特異性及び 本反応 に 対する 補酵素 （NADH ，　NAD
＋

） の 作用機構に つ い て 検討 した ．大豆抽出

液 に 種 々 の 脂肪族 ア ル デ ヒ ド （炭素数 3〜9 ）を添加 し 37℃ で イ ソ キ a ベ ー
ト し ， 生成 した ア ル

コ
ー

ル を定量 した．本酵素反応の 基質特異性 は広 く， 各 ア ル デ ヒ ドに 対する相対活性 は ， ア ル デ ヒ

ドの 炭素数が増え るに つ れ減少 した （炭素数 3 ＞ 4 ＞ 5 ＞ 6 ＞ 7 ＞ 9 ＞ 8 ）．ま た，こ れ らの 反応は

NADH の み ならず ，
　 NAD ＋

添加 に よ っ て も促進 された，大豆 抽出液 と NAD °

を イ ン キ ュ ベ ート

す ると，NADH は 生成 した が ， 加熱処理 （100℃ ， 5 分間） した 大豆抽出液で は ，
　 NADH の 生成

は み られ な か っ た．こ の こ とか ら，大豆 抽出液中 に は NAD ＋

を NADH に 変換 す る酵 素系が 存在

す る こ とが示 唆 され た ，

キ ーワード ： 大 豆，豆 乳 ， 豆 臭，n一ヘ キ サ ナ ール ， ア ル デ ヒ ド ， ア ル コ ール デ ヒ ド ロ ゲ ナ ーゼ．
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