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   During  tea ferrnentation, linoleic acid  in the  neutral  fat fraction, and  linolenic
acid  in both the neutra]  fat and  phospholipid I'ractio]is from  leaves decreased. The
addltion  of  lino]eic or  linolenic acid  to leaf macerates  during ferrrientation resulted

in an  increase in hexanal or  trans-2-hexcnal  in the volatile  fi'action, Tracer experi-

mcnts  shewed  the  dircet comrersion  of  linoleic-U-i4C and  linolenic-U-i4C acids  to

iabeled  hcxanal and  trans-2-hexenal,  respectively,  which  were  identified as  2,4-DNPll
derivatives.

   Furthcr conversion  of  hexanal and  trans-2-hexenal  into hexanoic and  trans-2-

hcxcnoic acids  during tea  fermentatiott was  suggcsz' cd  by thc  incrcascs in thesc  compounds

after  the acldition  of  hexanal and  trans-2-hcxenal  te leaE' maccraics.

    Volatile carbenyl  compounds  constitute  one  of  the impor･ tant  groups in b!ack
tea aroma.  Previous papers (1, 2), showed  that  formaldehyde, acetaldehyde,

isobutyraldehydc, isovaleraldehyde, 2-methylbutanal, methional  and  phenylaceta!-
dehyde were  fbrmed fi'om glyeine, alanine,  va]ine,  Ieacin'e, isoleucine, methlonine

and  phenylalanine, by interaction with  oxidized  polyphenols during tea fermenta-

tion (process of  oxidation),  However,  amino  acids  a,rc pr¢ sumably  not  the  pre-
cursors  of  some  important carbonyl  compounds,  i.e, hexanal and  trans-2-hexenal

but validation  of  this  hypothe$is must  be made.  Formation  of  these  aldehydes

also  increased considerably  during tea fermentation, but decreased under  an  at-

mosphere  of  nitrogen  (3). 
'

    rv{ajor et  al,  (4, 5) reported  that  fi]esh leaves of  Ginigo biloba L. produced 2-
hexenal when  they  were  ground in the  presence of  air, and  that  linoienic acid  was

converted  into 2-hexenal in the  leaves, Drawert et al, (6, 7) reported  that  hexanal
and  2-hexenal were  produced enzymatically  with  partieipation of  atmospheric

oxygen,  from linoleic acid,  and  linolenic acid,  r･ espectivcly,  in apples  and  grapes.
    A  number  of  volatiie  carbenyl  cempounds  (CrCi2 saturated  and  unsaturated)

have been isolated from  reverted  or  oxidlzed  soybean  oils, and  the volatile  sub-

stances  isolated f'rom autoxidized  Cis unsaturated  fatty acids  havc bcen shown  to

be mainly  carbonyl  compounds  (8).
    This paper  investigates whethcr  or  not  linoleic acid  and  linolenic acid  mi.ffht

be precursors of  hexanal and  t-rans-2-hexenal, respectively,  in tea fermentation.

   Xbbreviati6ffs: 214-DNPH, 2,4-dinitrophenylhydrazone; Tl.C, thin-Iayer  chrornatography.
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   Each  value  is the average  area  (cm2) of  two  gas chrornatograms  obtained  under

the following conditions:  Column  packing, 20%  poly-ethylene glycol adipate  on  Chromosorb
W  (60-80mcsh); Column  temperature,  1800C; He flow Tate,  SOmlirnin; attenuation  range

of  detector, 5 × 102. Under  these  conditions  lcm2  of  peak area  corresponded  to 6,2 
,ug

 of

lauric acid.

"
 Fatty acid  was  idcntificd by compa]'ing  its log retention  time  with  that  oF  thc authentic

  fatt.v acid  ester.
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Fig, 1. Changes in voiatile  components  of tea leaves zvith  the

addition  q,F linoleic acid  er  linolenic acid.  Conditions of  gas
chromatography  were  as  lbl]ows: Column  packing, 2SVS

Carbowax  6000 on  
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Decomposition Products of linoleic acid  and  linolenic acid  and  their identijcation

    An  aliquot  of  2,4-DNPH  derivatives of  the  carbonyl  fraction was  subjected

to TLC,  a{'ter which  radioactivities  of  components  on  the  chromatograms  were

measured.  At the same  time  the 2,4-DNPH  derivative otS each  authentic  carbonyl

compound  was  developed. Results are  shown  in Fig. 2 and  3.

    From  the  results  of  TLC,  the major  radioactive  zone  in Fig. 2 was  tentatively

recognized  in F  as  corresponding  to  authentic  hexanal  2,4-DNPH,  while  that

in Fig. 3 seemed  to be E, corresponding  to authentic  trans-2-hexenal  2,4-NDPH.
However,  these could  not  be absolutelv  identified from  the available  data.                                  i

    For further identification of  the  radioactive  F  and  E  fractions, zones  cor-

responding  to F or  E were  scraped  off  and  extracted  with  acetone.  After being
mixed  with  50 mg  of  authentic  hexanal  or  trans-2-hexenal  2,4-DNPHs, respectively,

they  were  recrystallized  from dilute ethanol  and  their melting  points were  deter-
mined.  As shown  in Table 3, constant  melting  points were  observed  for both the
hexanal and  trans-2-hexenal  2,4-DNPH  derivatives. Moreover, their specific

radioactivities  were  not  lowered by recrystallization.  From  these data it is evident

         SPectsic
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         Table  3

radieactivity  of hexanal and  trans-2-hexenal

    2,4-DNPH  derivatives

Hercanal 2,4-DNPH".  trans-2-Hexenal 2,4-DN?H

mp  (CC)

 106.0

 107.0

 I06.0

 106.0

sp.  actlvlty

(cpmlmg)mp
 (OC)sp.

 act!vlty

(cpmfmg)
1234 82777270 137.0136.0137.0IS7.028252932
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Fi.cr. 4. CJas chrematagranzs  of t.he methvl  esters of velatile acr'ds fi'om
tea gsavesfcrrnented with  addladhexanalor  trans--Zhexenal. Conditions
of  gas chroinategraphy  were  as  fo]lows: Celumn  packing,  23[%
C]arbowax 6000 on  Chromosorb  W  (60-80mesh); Column  ternper-

ature,  900C  isothermal; He  flow rate,  40mllmin;  attenuation

range  of' detector, ltle3 or  1,S20. A, B. C, D  and  E  indicatc
methyl  esters  of  n-Cs,  ise-Cs, n-C6,  cis-3-C6  and  trans-2-C6 acids,

respectively,  , gas chromatogram  of  norrnaily  fermented
leavcs; ･------. the  peak  increased by the addition  of  hexanal;
-----･.

 the peak  incteased by the  addition  of  trans-2-hexenai.

that  a  portion of  the  radioactive  linoleic acid  and  linolenic acid  changed  to h¢ xanal

and  trans-2-hexenal  durjng tea fermentation,

(]hanges in the votatile aciciic.fracti.on  o.f tea leaves .fermented pter the addition  of hexanal or
trans-2-hexenai

    To  determine the oxidative  products of  hexanal and  trans-2-hexenal,  tea leaves
were  fermented in the presence ofthese  aldehydes.  Characteristic gas chromatogram
patterns  were  obtained  with  each  aldehyde  as  shown  in Fig, 4. Gas chromatograms

indicatcd that peak C  (the methyl  ester  of  caproic  acid)  markedly  increased on  the
addition  of  hexanal and  that  peak  E (the methyl  ester  of  trans-2-hexenoic  acid)

also  increased en  the  addition  of  trans-2-hexenal.

                              Discussion

    Linoleic acid  and  linolenic acid  added  to tea leaves were  decornposed to hexanal
and  trans-2-hexenal,  respectively,  during tea fermentat{on, and  these  aldehydes

were  the main  products in the  velatile  fractions, Since analyses  of  these  fatty
acids  in tea  leaves showed  that  their proportions decreased during tea fermenta-
tion, we  bclieve that  a  portion of  Iinoleic acid  and  Iinolenic acid  present in tea
leaves, respectively,  changes  to hexanal and  trans-2-hexenal  as  majer  products.
Velatile carbonyl  compounds  are  knewn  to be produced  from unsaturated  fatty
acids  by autoxidation,

    In the  autoxidation  of  soybean  oil (linolenate containing  oil), Selke et al. (I3)
reported

 that  veiatile  aldehydes  appeared  in two-week-old  oil aged  at  laberatory
temperature  (ca. 22CC) without  protection from fiuorescent light As  no  volati}e
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compeunds  correspondlng  to hexanal and  trans-2-hcxenal  were  detected in the

linoleic acid  ancl  linolenic acid  solutions  kept at  25eC fbr 2.5 hr, it is probable that
reactions  involving the  formation of  hexanal and  trans-2-hexenal  from  linoleic
acid  and  linolenic acid,  respectively,  were  not  caused  by autoxidation.  Moreover,

green tea inanui'actured  from  steamed  tea leavcs docs not  contain  a  large amount
of  hexanal and  trans-2-hexenal  (14), so they  may  be products of  enzymatic  action.

    In a  previous paper (S) we  observed  that  trans-2-hexenal  increased markedly
to a  maximum,  fbllowed hy a  gradual decrease during  4 hr of  fermentation. There-
fore, the aldehyde  was  not  considered  to be the  end  product. R.esults or  the  ex-

pcriments using  hexanai and  trans-2-h¢ xenal  (Fig, 4) suggest  that  these carbonyl

compounds  are  further oxidized  to the corresponding  acid.

   We  express  eur  thanks  to Dr. Jaines E, Baker ef  the  Market  Q.-uality Research  Divlsion of  the

I/J, S. Department  of  Agriculture, fbr his kind assistance  in the  preparation oE' this manuscript.
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