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   Effects of  Cooking Methods  on  the Retention of  Vitamin B6

  in Foods, and  the Approximate Cooking Loss in Daily Meals

                Ke.iko SHiB,x'r,x, Yasuyo YAsirH,ut,N and  Kazuto YAs-/bA

  Departmettt tij'IVutrition  Sciertce.s; Kaga}va tVittririon  Unii'ersity Sakado, Saitama 350-02S8, Japan

  Data ",ere  ol)tained  that inight  be app[ieab[e  1,o estjniat('  th(, c"ekiTig  [oss ot' vitamin  BG (Bi,) jn dail.v'
ineals  agEtiiist  l,he a{/timl  Il,, intake. Based  [m  the r(,suLr  ot' our  diE,Iary survey  or  ILI health,v women,  the

aitieunl  of  B,, iT) mc}aLs  atler  c/o{)kiThg measur'ed  by Hl'L(' ""as  approxiniar{.ly  LrS"{) ol' rhat bc,1'ere
eooking  (c'a]{/TLIntE'fl by lti{' skmdard  feo`t c'oin])osttjoTL  Iublc'). To ru]'1,her aseerTain  the actual  B,, ]{)ss,
Thc. metds  rrf)m lhe dietary rc,(/or[ts wer{h  re}jrodltc"d.  aiid  thc, rE'suLt obtniluTd  t'rtml measuring  Bi, i-
thE's(i inpals  beft)r" und  after  (/ooking  alsf, prtJvo{i tt) bc, appt'oxjmnt{sly  1:3`f･(, . Most  ol' the aTiima]  foods in
ttu/ daiLv rrLeals  studied  w('re  c'ooked  1].v dry hf'ating, rE,su]ting  iri a v(slativ{zly letv ic'vf'1 ot' BE, ioss,
whereas  many  plant tbot'ts "'ei'ci c'onkvd  1),v wc,t  h(,atmg. 

'1'ILf'
 (/ooktrig  loss "ffas grearust wheri  feuds "rere

boile{l, fnllowed by deep-t'r,yitig ;md  sauEeetng  in that order,  If tht, Lvatc,r usc,[t t'ur boitirig, whi('h  ('nn  he
exp(lict{'cko  c'ont,ai"  diss[}k,ed Bi,, "os  takcv  "ith  tht' lllgredieMt,s, hosvevc'r, I.Joiljng rvas  fotmd  te  rc'sult

in re]ulii,ely  liU[e Bi, toss.

                    (Re{'eived JEmuar.v 17, 2001: .eL('c','pte{f tll revise("'(}rr-  September  4, LtOel}
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               INTRODUCTION

  Loss and  retent,ion  of  vitaniins  in food during
cooking  have  been  reported  else-here  in [he

literature, Much  of the experimental  data pet'taining
to cooking  loss has been of  1irnlted use,  howaver,
because  they. reflect only  cont,rolled  laboratory

conditions,  rather  than  c'onditions  likely tu be

encountered  outsicle a  laboratory seiting.  ,"lthough

informat.ion about  c/ooking  loss obtained  froin a casp
sludy  on  an  indLviduai food increases the ()veru]1  basic

knowledg.(i ot' rmtrition,  i[ is ot' Iimiled applic'abilit},,

and  simple  averagiiig  t)f such  ctuta doEis ])ot

tiec'essarily  resLilr. ill c]al,a of any  })ructjeal use,  For
pxatnple,  studies  on  t,he eo{)king  loss of  Bii ''

 ttnd  B!"''
have  produc'ed r{'sult,s "hieh  clifi'ered  bet.ween lhe

individual foods and  ineats,  Moreover, the re]ationship
bet"･een this less tuid  daily intake or  vitarnins  frnm

inea]s  cannot,  be. properly assessed  from these basic
ctat,a. Daily meals  usually  c/o-sist ef  several  dislLes
{'ook(,Ld  b,v var]ous  melhods,  and  t,he dish c'()mbina-

tions are  almost,  hahitual, FurthornLore, calc'ulation

and  analysis  ri{el,hods  are  a]so  inLportaiiti'' t'or a

nutricint aTia]ysis.  One  particularly useful  ]nethod  ror

calculating  the vit,arniT}  cont,ent  of a  mcliai, fren) the

slntidpoirit of nutritioit contro].  is to multiply  the  totnl

coiLtent  iri all iTigredients b), t,he approximate  loss

cl18

 during cooking.

  Vit,amin B" CBeD xvas  riot  inc,luded in Recommended

 Dietary Allo"ences  (RDAs) for the Japanese until

 their 6th revisionJ'i  and  as a result,  there has beeTi

 insufficienl, st,udy  of B" intake in ,lapan.  Jn ivestern

 coutitries. earlier reports  on  BF/ intake based on

 dietary surveys  have  dealt "ath  t'oud sour(}es  or  health

 effects  related  Lo Lhe quantity of B" intake, and  inost

 stLidi(is of cookjng  loss uvre  c:ase  studies.  There  have

 t)eE'n feur reports  on  the  relationship  beti･veeTi the

 L'o"kirig  loss i" duily meals  and  clietar,v habit.

 M{)r(iover major  studies  of Ba retention  (9(}) in

 co-kc,d  foods have  generally relied  on  a iTii(/ro

 biotassay 1,e delermine  the tot,al B" eontet)t,  an

al)proach  uinich  clops  not  I)rovicle ini'ormatioTi about

di[Teren{:es in the hioavai]abi]itv of  vitam{.rs.'"  "Je

huve previonsly investigated the  re}iitionshSp  bet"'een

the dietar,v BFi iritake and  sermn  Bi/ level;'i arLd  the

retentiorL  of  BE; in c/ookecl  foods as  Tneasured  by
III'L(),'i'' b"t xt,e c/]icl rujt  reporl,  on  B,; ret,ention  in daiEy

meals  iTi relat,ion  to tlw food source  and  c･.ooking

niet,l'Lod,

  The pLirpose ol' this iiivest,igat.ion is to deterT"ine

Lh{i approximat,p  cooking  Loss in daily ineals  and  to

coiieet, ot.her usei'ul  dal,a pertaining to B,i int,ake. "'e
tlrst studied  the ac:tLiat B,/ intnke from  dailv mea}s  bv

t.h(' dup]icate meal  Tnethod.  usirig  IIPLC, dietary
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                                     .l. Iiom(' fic'tm. Jfm.

fecording,  and  meiisuremenl.  {)r s{,rum  B,, lcs'cils, iri

hea[thy ",oTtu'n.  We  theii conduc'ted  an  experiniental

examirLatioti  uf  the retentioTi ot' ISF, iM s(ix,cst'al io(}ds

(all of  whif'h  are  goo(t f'f]ed soLirc'chs  of  B,, and  nr{'

c)rteri (xmsum(utl),  usillg  (･ot)kiTig  rnelltods  ('onutic)Til.v

usud  by r(,sp"r)dpnls  to (he  survey･.  Fina]1,y, wc,

assesspd  thf, appr"xirnat('  ('eokiTTsT  ]osses in dai1,v

meals  b.x' preparLtig ve]}i'educ/ed itieuls btisc,cl un

random  samplos  from  1h{li dic'"u'.N rc]terds,

           MATERIALS  AND  METHODS

&i intake  using  the dietary survey,  analysis  of

duplicate meals  and  Bli seruTn  levels

t. Subje{'ls umd  expcsritnc,ntul  d{,slgn

  NMeteen  healthy fema[e slud(']its aged  L)2-!IO years

wEn'e  rec'ri]fik'd  at KagawfL Nutriticm IIt)iversity. 1'hc,y
wc'rl'  1]et {'onsutniT)g  ;uly  Ilulric']"  suppk,rvL,ills  nrLd

wElire  trained in ko('pllLg diel,ar.x rc,c'ot'ds.  Tv  d(ht(,i'-

mjn"  th(･ ;u･iual B/, intake, "'c, c/ompiled  dicitur,x'

re('ords  f)v{,r  :3 <'t'ms;Ev/ulive  du.vs cb.v th[･ fiiE,tar,v

",eighting  rnethod)  and  collec'le([ euch  sub.]vcl's

ch]plic'al(,  mc,als. The inorning  afler  11w  ihird da,v d)['

dfieinr,v t'[v'erclinst  nTicl ckiplieate  meaL  eollec'tiorT,

t'astiTitny blood stirnpies  were  (}bluim,ct  nnt]  1"1al B,, [M
t])e s('ruru  was  (tc'1('r[Tiiried. 

'Phis

 slud},  was  aE)pi'ov{,d

I}y the Human  Sr,udit's Comiuillec.' o[' Ka:.',,awu Nulviticm

Univ('i'sily, tuicl "･'rittc,n iTii'or'm{'d ('o"sent  ",as  {)b-

I,airic c[ from {'aeh  subj  e'sc't,

LJ. iXnais,sis of dietary re('erds

  The va,]ues  i'or' ttu' iiitak{･ oi' B,/ and  olhev  nulric,tils

w('r(i  ('tLL('ulul,ec] ['roTn th(, cli{'(ar.v  T'ec'ords,  Litisc,ci on  u

,lapanese si,a ndu  r{ H'ood 1,abk'.ii
:). ,A tuLlysis  ol' dupli<'ate mE,uis

  The B,, {･ontcnt,  iri [he  d"l)[iealv nK';it u･as mvEisut'{'d

[)t HPL(1  (Jolky/1.ed sa]tu)1('s weru  stored  at -4r,C

unti]  ne{'ded  t'or atutlysis.  T"tal saml)k,s  l'vem (htwli

pc,i'soii ibv u siiiE{1(, dtLi' "'ere  ('otiTI)inE,r] tm[]

hoino,geiblzect. B,, "･"ds oxtT'acii'd  witiL  1 N {'old  H(1()4

ac{'ording  to the  rTbc-sthc}d of  T"ukairin-Odn  et ttl.'

Thc', B,/ viLamei's  p,x,ri(iuxinv U'N), p,vriduxal U'L),

pyridoxarnine (T')L,1), pyt'idoxnl J)'-phosphat( (I'l.,]')
an(i pyridoxarniri{e 5'-phosphal{, (1')LJI') wc'v<,  dc'tE'r-

mined  acc'c)rding to tJ]e methc}{i  or  Ed"'urds e,t al..i''

usLtLg  a post-('nlumri reag{/nt  ('ontai]tuig  NatSL･0,.

.)L TSK-gel OD,V80TsQA  coh]nTn  (4.(l nuu  EDX  /t5L) mrll  ,

'Vesoh,
 .[npan) ""as  us(,d,  Th(' sE･put'ation  was

I)eri'oT'med ni, r{)om  tcimpernlu]'e CL)5'{.'), "sillg  a

inobile  phase  eonsisling  of' O.C)IFi xi KH:I'Oi-C},"75 v

 NaC'10g-C+.OJ) V[, N(CII:{IEI･:OM)ft.]"n CH･･CN  CpEI ll.:IS)

al  a i'le", rate,  ol' 1,Omlhum.  TILc' pust-c't)]iHnn

 veageril  ""as  0.2t'} yF K!III'Of5;lmM N":SL･O, (pll 11.7･ )

   26 
i

v[,l,t'u') No. Iz･) /20(}1']

at a rlow r'at{, "t' 1.0 tnl,ituin,  Thc' [ILiores{･{,nc'c,

spE'('lrot)tloturl!{S"' ",ls  s'I  al, all  elllissic)]1 wnv('k,ngvh

4if  :IL)!3 mn  und  ati {xullaLio]k  "uvE'1('rigth  c}t' 4C}" iun.

1'.vrldoxiTw J)'vhesr)hnte  (l'NP) "us  d('tc'rmiTiE,[] ac'

('ovt ling 1" llw mt'lhed  or  SiL･rra aiul  iv'idal-Vnlverdi,.i'

using  acid  phesphalust,  "'rem p"zale). Pyridoxino F)'-

,V-glu{･esidc･
 (1'NG) "iis  dc･t{,i'Ltritwfi n('{'vrcling lo

lh(' LTwllTed  ol' Gr(,g"ry and  Sarlain. '' usillg  ,t ]}

1;,ILwc,sidas[, (i'r"m uliTunT(is). Th{, t"lal B,, c'e]"(mt  is

c'xpvc'ssc,ci  as  tlL{' I'N equix,alei]t  ('ul['tilaTc'd  h],

(-t)nv(,rtMg  eur'h  x,ilamer-  
-l'N,

 l'[., T'M, PIP. I']L'I }', }'NI]

an`H'NG  
-intn

 PN. T}w  slantinrcl  vtTamvrs  ef B,, U'N,
I'I., I'DLI, ]'LI' tuul  P"vll'). /u'i([ p]wsphatuse  (f'r"rn
p"t;]io) and  ,?-i,-s/,LLtc"sidasv (from almoTids)  N"'rE'

[)btnined  t'rum Signva Choini(･al ('o. CSI. Lottis, Mt),,

u,s.･x,).1.
 

rl'vtal

 B,, (･eritc,rLt LtL thc' s('rL]m

  Tiu, B, ('ont{･Tit  iT] lhci s('l'Lllll wus  dcitc]vmitlvd

acc'er'ding  U) th(' TTK'rh-d  oi' It/tt"ards er aLi  
'

Experimental  examination  of  B6 retention  in

selected  cooked  fbods

1. S:nnp]{･ aeid  ('noking;,  metheds

  The  snniple  ['{mds y,k,etE'd  wer{"  good  sour('es  ol' B,,

arid el'tc,ri ('tn]suriwd  (iu'c'Ln'c[ing to {iL(,Tary  r<'<',u'ds}

h.v euv  si]bjE,c･1s.  as  wc･11 ;ts b.v ThEli Jup;mE'se in gvneva].

The sf,lv{'li,d  lbe(]s "vTv'  purc'ILased t'rom supE'rm;w

k[,ls in Saitamu 1'i'c'['etAut'e. Siitiiplc's wc,i'c' p)repat'c'd us

sho"ti  iti Tahkx L, T]u･ ('eoking  mc,thuds  w{'rci  iti 1"o

iuaiH  t'atf'g"t'ies  auc'c)rding  to heatmg/ dr.v h{,uling

TTLetheds  Ls:u]IE'ing. gvi]ling atid  d"-Ii-L'ryirLg) n]bd  /vc,1

ht'aLirig T-wrheci  (bvi[[Tig), Th{･se mc,th-ds  w(,ve

:]F)plic'd le c'nc'1) t"od iTi iw('d)vdan{'{,  with  t}i{'ir cuol<itig

l:i'vl)Evlivs. (',)okirlg, equit)rv{'ibl  im']LidEv] an  elevlric･

hoL plal{, (L)L'{)+LL)()'C) lbr satil(,ingg.  a  {'en"]c'ticm  oLen

C2SO± L'UC)  a'ov gril]iTig, :md  nll ekx'tri(' (･o"kt,r  anc]

sl,:titT[ess stet,i  pnn (18 ('m  Il)) t'ov d(hep1'r.x ing in 1 i ef

salad  t)il U7"ti'tl{)'(.:). The {･ciuipmc･"t  Ltsecl lbv

dc'c'p-i'r.i,ing wuH  als"  us{'d  i'-r l,hf' "(sl  heliatirbg method,

"iT,h  distilky[ ""d(ev  in pltwc' er  salad  tAl,  The  voluiues

el' "'ntet'  usL'd  t'"i' w[it ht'atilig art,  sh""v  i" Tablc･ l.

,X]",lcy'iriu ri{v' ('ookev  (Toshiba 1{('･K-1(JCMT) "･'as

us(,d  [v co{/Fk vic'e.

   
'F}Tc･

 hc'aling lhnc' t'{)r thts tneal  atid  tlslt "･"as basc'd

oti  ttLe itiltxribal 1[,mp{,rnTure  vi'  n  saiHple,  bettms{t

Ndeq-nte  "n[IT)oitits ol' ttcxaling N",r{'  cl{jsigrinl(,d  ah  1ho

itLl,erira1 rE,nLp(iraluvc,s i'or meat  sanLplvs  S,i"," iiT lh(,

s;,uidelim's t'rf)ML .)h)vlS,Xi'' nild tlu)se for t'jsh giv(," l],v

eHr  prc,-extx'riiu,'iit, Thi' iriLernt][ i{'TnpvrntLirc, "t' u

saTmpk,  was  monilc)ix'd  tj.x :t ('ept]ev-c'{mslimt;m

Thert"ocouplt,  pitwE,d nl lh{, geemelric' (vi"('r  oi' thc,

samF]Lv,  The  lt,mperaTiLvf' v"st' l'yein L()C ki Ihu

ILSS',
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Ei'r{..(lt.sorceoki]LgM('t.hc)[ts o]i1,ht' Ret{'nl,ic)ti or  VilnmirT fl,, iii F"uds,

Tat)]e 1. Samp]e preparatiotLs aJid

tnK[  the  Approxb)-"lf' (le"kitig ]."ss ki

eo(}ki]ig  meth(xls

r'}ui],v･Mea]s

                                                              MEith{]d,hc･atiligtointeriia]lempvruturc'
           F"o{i itein Stunple  size  ;m{hveight  per  uii"

      . ....."-. ."" ..."..-... ..-. .."--.-".... 
utui

 
hc,utii-g

 
lliiio

                                                            sLmlc,  tcJ (i" (] (rm'f･},

      Bvvt' strlein  -')Xr)× ] t'){'T[t 70'C  (mc'dium), SC) CJ CwE--dom'}

      {septu'alJ[c] teun) J,{i gi'pie'c'e' de(,)-h'y l" SD  

'('
 (upprc)ximate]y4miii)

                                                            heiH'or  l() mi]i

                                 s]i`･E･/ :'] ><' iii'Jl'{-/ Jl['Itt7 

'M'
 saiii(･ ibrl'T(J's- 

'''--'"
 

"'-"-'-'
 

""
 

'

      1'leet' rotitvi
                                      a() gi'pie('L, boiH'or J)sand  ;30 ]'nilt

      (sc'l}:iil]bl{'lenTD 
----------

 
･
 

･･･...."...-".-.......
 

.....-.-.-".--..........".---...

                             eube/  ilX/IX/i  c-ML, L)5 g!pi(･ue bdjiH'or "O iuin
                  ttttttt tt ttt-tttt-t-t--t-ttttt tttt t t

                                                  
'''
 sautE'  t" 85C  {npl}rexiivate]y /] mill  

'l--'-
 

'-

      I'ork loin ･4X,l× i c'n'h

                                                            []('c'I}-['ry  Io S;}℃ (appr"xirTLak,L.y L) Tniii)
      (s[･parable 1{,arD 4" giPlt,c･f.,

                                                            
I"'L].i.il.tiE''!tL.//IRIIr.Lc.)xiiiiaLe]y

 
:l
 tnin)  ..---

                                 sLi`'{,/ 4× IUX(LL' e[u  sauL[,  I'"v 5C)s

      I][)rk ham  ".-.---"T..r.1!1.g.i]l]E:'sc'!'- ". .m . 
I]i)il

 
['f{L'

 //.ls 
;ir!!

 ?rl.].JtTiil
      (sE:)arub[e lc'"tT} "Lb(,/  /lx/lx2t･[tL  dL,{lp-i'ry t- 8J)C  CaF}pruximaTeLx ,') [lliil'i'  

--'

         . ......-.-.- .--.-.. .. 
25

 gi'pie{･E, 
hoil

 
i'nr

 
30

 
[uiii

                                                 ........--..-....t..ttt.t......................                                                                                       ttt ttttt---- ttt

      (lhi{'kE'tT bn,ast saLLti, lc, 8:')'C (nppr-xiTvut(,1,v7tuin}
                                     /ixr]x:c･m

      Chi(･kc,rT 1high det'p-i'r.v T" 8:',C {-}pr[-imnt('1,i, 4ini]i)
                                     ll(]                                        g,'l)i(,(･E,
      Uvesh onl}, )                                                            b"il Ver 2{) mira
                                                                  tt tttt tt ttttttt tttttt ttttttttt tt t                                                                                         tt t ttt t ttt ttttt-tttt-tttt

                                                            gri[1 iat){1 st]ut+･ lt, S()'U (approx]mal{'ly 7 TnirT)
                                    ,-/ ×  [UX  1.t･} c･Il[

      Snlm[)ti dEu,p-1'r.v t" 8(VV ("F}prf;xirnaieLv8mi]D
                                     "1)gtPi,,UE･

     --."-..  .. .. ....-" --  .. 
I,,,ili,}.8V.1il.L[iii)ulltlxilTZitlC･l),.illlllL)...

                                                            grm  ic) A{J℃ c"pF"'eximuLt･ly 7 }nin)
                                     {I" g/piL･(-"
      H"rsc/ mnc'ke]'{,1                                                            d(v,p-i'ry 1- SUC  (at)pr,)xjmntel,i " tnitD
                               {wilhoul h{,ad& fmtvHils)

     . . , ....--.--...-.-.... . .."""m . 
b[ti[i"

 
SO'{1

 C}ippr()xt'Ttadtlt//.1.1..r.Fiiri)

                                M  size  (l") g, 5[}g neO  stranxblc･  lbr l' ]nin
      Chic'keTt ('g.g

               ...  ..---.-..-:'i tief'es (1(M)R nc'1 1rt 
i{ne

 
boil

 
ixi
 
sbe[I

 
ior

 
l[l

 ml"                                                   ...........-....t.......t...-............... ....                                                                                            ttttt---tt

      Polished ric･t, J,O(}g-l disTi[li,cl "uk,r  75[) g,Jljim, c","k  V"r ,'15 trLjrL

           t t ttttttttttttt- -t --t tttttt tt tttttt tt t

                             i,')()g in 6"O  g ut' disti[le[t "ule]'  hu[l ft n' !J() min
      SOVIXA:M

      -. .....il,,//lkl'tlfyil.l-'i.FI.1,/,'C)m---......

                            e-t  int- small  piE'(/'H, L'O g/t,if,f'c, boil lbr4T"in  

''-""-'''

      l'Sr-ccoli
                               LL'OO giV. {),t'"in Na('1. TiT[Le

                              i('[u reund  s]jcE,, L){Fgi:nic･e' 

'
 

'11-/I']-tllFJ.'.tN;Tiiit
 

'"'"
 

M-'

      Car']'ot

      "..".--..---.- . . .. 
3(HJ

 ,glttC)O g t,I' {lislill{,(l "'nk,r.  
tiTi

 
lt,

                               r} mm  {･"t)exr,  c･ru  i{,ngth 1'i[Ilil'fl'll'1'e' v' tt miTF  

"'--'---'

                                     ]tlO yzithrLv
      ['(}tulo 

.."...-...........
 
............."".m.-........

 .................

                          divl{,"vt i iTTIf) S 12 pit,<'{'H, L'" gri}ku'(,                                                            bniH'ev  ]"(hlliTi

                         .. 
ii
 
i.C
 Lei'i./(.)ll.e"Etl' .ilsl 

lllc･(l
 
";if(･]･.

 
tiiii{･

1,{/mp(,ralur(, (k'signak'd  iTi 

Fi'able

 1. Foods uther  thatL ('eul"ct  "61h  a  smal]  aiTiount  oi' [lour, I]elished ri('e Nvns

meatand  i'ish were  hetated a('<'c}rdirig lelhe  limE,s nnd  "ushed  "dth  (lisLin(,{[ "xter  aTul  t,hei] suaked  in
('on{aili"ris  sho"･ri  in Tab]e  l, Dcvp-t't'ifid i'oeds were  dislillc,d "･nic-r  al 2()'U ['o]' ] h Ix,tl]re {･ookttig.  

F]'he

 rk'e
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      was  ""ashod  i" double  the -'eight  ol'  "･zter  ac]ded  to

      the ri('(', this mixture  being st,irred 10 times  in [O s,

      b(,i'ore t,he "'ater  -iis  reneweci  and  [his pro('cTss

      repeated  five t,jines, accurding  to the rllethod  oi'

      Ka,ir]urna et  ai.i"

      2. ,,Nnatvsis of B" iti the  food samples

        Eac'h raw  and  cooked  t'ood sample  whic'h  had  beeiT

      cou}pd  to room  lemperuture  {L)5℃ ) "ns  groun(t x･v'itlL a

      food pro(/{'ssur, The  B,/ vitamers  -ero  then  extracle?ct

      from  the t'ood sample,  the melhod  ol' extrac'tion  [md

      clet('rminatiou  {)i' Bt/ vilmrter's beLng ttie saTnp  as  that

      us(id  for t,he duplicate meal  analysis  alre;idy  (t{'-

      scribed.  .As "･ilh  lhe duplicate mea]  anal>,sis,  t,ILc, r[)tal

      B,/ contei:t  is expressed  as  tlLe }'N equivu]eT]t.

      I3. (/]alc'Lilat,i-n oi B+i reLc J]tlon

        The retent,ion  ratio  ot' BE, i･vas cE]lculated  a{'('or(aing

      to the nietho(t  ot' )s,Iurphy et  aLL"'

      Determination  of  the lk retention  ratio  in the

      reproduced  meals

        M(ials I'rotTt [IN,e subjeels  Ct) days) rnndornLy

      selected  frc)Tn tlLe dierary recoi'ds  were  r(iproduced  in

      orcLer  t,o measurc,  the' B,, cenlcirit bel'ore {md  at'ter

      c/ooking,  TtL(, B  c/ont,eiLL "pas measured  for E'n('h

      subjec/t  (day) by  usiiig  the method  a}r-dy  (tesc'rtL)ed.

                            RESULTS

      Bfi intake llsing  tlie dietary survey,  analysis  of

      duplicate meals  and  B6  serum  levels

      1. Determination  of the B,/ intake froiu the  dietary

         re.cords

        The  average  B,/ intake c'alc'Lilated  froni lhe diettw.y

      recorc]g  uns  1.06,[F,[),19mg/d;", Cmean± SI)) and  the

      average  proteiii irilake "ras  tt)('i.9± 8.5gi'day. Th{' EIF,

      intake per gram  ol' protein intakp was  thiJs O.020±

      O.O03 mglg  ol' protein. Mosl of' the sLLbjects  thereforc'

      inel or exceedc,d  lhe requireinent  t'or refEirencc,  B,,,'''

      r,he riulrieiLl. Hdpquac'}･' rai,io  (aTi indc'x oi' adequac),  f'er

      a  nutrieni.  based on  the correspouding  RDAi'' s,aluc'

      ror t,hat nutricnit)  Vor B6 beitig 88.3C}b. ii,s Kim  et at.i''

      have  peinted out,  in'iposil,iori of  Tbe',, lnsks for

      r'(ic/orciitig thci t'oo{t inta1<e aiicl  eo[te('litig  diipli('ate

      i'ood san'Lples  "it)uld probabLv  iiave ve([uc{,d  thci nsual

      I.'uod it'ttake.

         ITi our  anal>.,sis  ul' the re]atiotiship  botweeii foec]

      gr'oup$ anct  B,, ir)take, the main  s"urr/es  oi' B,i uvre

      vpgetabtes  <2i.U"6), Tnents  (15.00i,), t'ishes (li3.8"C)),
      c'ereais Cll.8Cl,6) and  fruits (10.9`i'6). Thfi c:oeki"e;

      methods  used  in th[, prepararicm ot' feocis i'voiu t}ie

      variou$  groups arp  shovx-  in Tab[e z･). Thc, Tnajority  ol'

      i'oucls -vro  (･ooke(i  h.y he7titig b(hfoi'e inttke, the

      exc/eptiorLs  beiiig (aairy  pt'edu('ls iind  fruits. M"at. "ilh

        28 ･r

V{)1, J,2 No. IL' il L) {){)1)

    lhe exueption  ot' process('d ['oe{is, -as  htnted. ),Iost ot'

    the  animt]1  i'oo{[s ",ere  c'o"ked  by a dr,v heating

    nitthod  (Tablci 2) whic'h  rpsnlle(t in 1(,ss Bi/ ]oss than

    that by w(xt  tieating (boi]ing>. )Llost pluiLt t'nods i･vere

    eat('ii  raw  ot' x･t"'c' ['ook('d  by wc',1 heatiiig CTnbl(, 1･t')

    whi(･h  resi]11c'd  iii ati oLitrlow  of  B,/ intc} the  c'ouking

    "nter.  Thus, tiot only  lhe  food source  bul nlsr)  the

    heating in{'lhoct was  importanl in(･tei's alTec'ting  t,h(,

    di{litar.ly, B,Jntake.

    L.[1)(･lerminatic)n ot' th(' B,, intake t'rvm t]ie b,v

      clitl.)]lc'ate m"L]s

      The  avet'ngc,  B,, intuke l'rom lhe  duptic'ute nwal

    aTml,vsLs m(liasuT'('d  b.v HT'LC was  O,91± (.),21mg!duy

    CI'N eq"Lvalent).  Thv  ralio  ol' rbis valup  to rhe  kJalue

    ('}kl{'idated  t'rom the [tierarv records  ivas  86.7=1 10.S"c,.

    Signif'ic･ant eorrelatioii  was  fouiu[ b('tween Th[･

    measLLv"d  i,a]ve  and  thc' ('al('ulalfod  v"lu"  {r=-O.S99, iJ

    <o.el).

      ]'NG, whwh  has ro]ativ(hly  low L)ioavailabilitv, ac'-

    c'ouTited  for 15.80o okhe  tutaL B,, intake, n signitl{･ant

    ('oi'rc'latieit  being observed  betw{'en PNG  and  the

    lelal B,, intake (f' =-  O,7'(}4,p<O.Ol),

    :S, Assessmetit ef lhv B,/ serum  level

      Total s(,runi  B// was  H.1 ± 3.:] righul: lhus, nobody

    xi-s  obs('rved  ro haye  a  B･, det'i['i{'tic/v. It is ec}nsiderpd

    lhat lhe  intakc' of  BE, "us  nevev  ies$ tiian O,OIO-0.015

    mglg  of Fn'utetn,"'' at "1iich  lc/vc,1 thc,re ts T)o

    defieiency, Signif'icant {'/orre]ation  ""as observed  be-

    twE  en  the  inlake of B,/ (nig,'g of  protein) detpmniried

    by the  c]uplieate  meal  iiiethod  and  the B,/ ]ev(il in the

    serum  cr=O.4!)9, t)<O.Oi>).

    Experimental  examination  of  B" retention  in

    selected  cooked  fOods

    1, R(il['iiTioti rati() oi' Bii i" couke(t  t'oods

      The  r(,tt.'ntieti ef  B,, iti beel' steak  de{'reased with

    rising itiTernal tf'inperuture  o[' 1}u･ meal  as lhe slc,ak

    ""ns  hcxalut I'roTn }'?n'{, lo "'el]-dcmei  CTab]fi :S) 
'['h{,

    r'(il('titLoii ratio c}f Bd/ "iis  simi]ur  i'er ditTfn'{tsT)t tspes  ot'

    mvat  ([['ablc: :3), "itti  Ehe  c,xc'{'ption  ot' rarE]  uTid

    tuediuin  steuks  "hi{･h  both  tiad a relativ(xly  high ralio,

    Wi(h  id(iM{i( il interrial l('T-)ei'aturc' end  poilits et'

    henting. B/, rc,tention in pork  "  ts lo"cw -hei]  it -es

    boile(t Ihall wheiL  it "Fus  sautE'ed.  Allhough  ]'S/;

    rcilt'litiotL ",as  ebserved  to b(･ r<'laliv{'iL' l"xv rer sliced                                           '

    meat  boilec] fer a  Iong time, rhe shapo  ii",}s Hol

    obsE'.rvc,d  to bf' (ui i]iil)oi'[,tuil i'uetot' with  ti sliorl

    lwati"g time. B,/ rpl,<']ilion  was  hLghpr for ('ub<i-sliapc,d

    meat  wh('ll  c[{,up-i'riect  (Tahle :S). Th(' E3,, retcs"tiun

    t'ntjo  in sc'rFmiblpcl  egg  an(t ('gg boi]ed iti The  shell  ivus

    slmi[ar,  and  il ts assum"1  thal lhe  presetic'e ol' tbe

    (,ggsh(,[1  ot'Vsel  the  ptTchc'1 cm  rfil{'ntioti ol' tht lcmger

1 1. 90i
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Et'V(･}(IIsoi' C･eokiTTgN'lt,lhods

Tal)]e 2.

f}n 1hf' Relc'iLlion ut' Vitat"iii B,, i]1

Frequen(;y ot'

thrt'{} d}iys

I,"[-ds.

tising  cooking  methodsP{ll'

fmd  ttu.' ,nLppvuximtiti, Cookitig Less iTi DaiL.v Meals

food gr-up  i'rom clietary records  of

ill-19]

   t;o-{t

  gu')upMilks
('oe]{illgmetho{i

  iU/111uL  Tmmbc.rs

Ttnt]i" ]n{iiL,iflua]b

uiu'uokect'i tl)

I･]ggs

Fishes

75

urw{')okeci

illdil'(･('t}Lcxaliltg''

b{]iled in sht,11

C"O]"Ui  ill S[IUi)

1]Tlc'ooke{i

grilling{i(,{,p･['r,virig

bui]ing"rlc/e-ked

indir(,c･r tieating

df.'('p-i'ryiiig

I,eiliTtg

36

Mc,t"s

t')mi

121s62i-,l6610

73

Pulses

V(,g+,tablc,s

l'olutoes

FrLtils

{levc,ulst'

,/IFPt)1111
 ]111ttlt'H･/]'

cu`)kj"y;r  riwth"(i

usetL/t"ialX

k'rnit,nlE,d

}]{'('nusE' tht,re

 t]]hc'"eL'e[t

                    32
 b"iliT)g

 un('ot.pked

 iiL(tivec't heatiTtg 159

 LyAlhhg

 L]Tico"ked

 indirtx･t  hf,uriJTg

d(vT])-t'ryirig 2Y
st(･umillg

b[]iljnguTu'-okvd

 (i3

I.)]'C,IUiri('e

                   l7:.i
Tlot)dlelisolhc,rs

   c]l' dislu.s pr(,purc'(i Vr{mi

     
'I's;)gc,

 ri)tio  "l' ('

]f)". 
'iRaw

 "r  Luw"-ked

i'--ds). 
i'Sat]tvE,i),g,

 gri]]itig

  ai'(, s(aiuluvd  {'oo]x'irisz

735sL316167･e1772

 1

 18

 .tl156:l1,es8S23,

 ci

   c,a(･h  l'oo(i gr"LiF}
t)oking  methods  I'ur

   lb-ds  (l'tx'sti
    lmd  stir-rl'yiTm.

melhods  nm'mn][v

l'rom re{'ol'c]S FT",quf,nc}' I)ct' pel'SOTI

    /IRalioai,v  
/imean± SD)

     (N)(LOI/ :1.Sl2,5

       
i'
 2, 8] O. 1 =. O, 2

      // :r,s, :l] 1. ltO,9

      iZ2,2)  O.4+O,6

       lci 7,) O, ll± O.7

      ,l3,9  1F 1. .-i ± 1.S

      /128.11i  O.8-+-1.I

      il lO.5) O. i3± O.7

     i17  5.1 O. i) ± O.6

      (9.6'i (}.4± O.7

     [4Z  f)) 1.8t  l. ,4

     ill. (] 1i O, `l ±. O.6

     C31.51/ L2 ± I,]

     il tt,C).Oli O. 8±  l.1

     il ,'.]O.Uli O. S± [},9

     f･M.O  // i:r, l. 1,s

     ･1 1(L71･ (L 91  0,8

     [･15.31･ 2.Z-+ 1,S

      i3.1'] O.1± O.2

      /13.4')  O.lt. O,2

     iL,7. 6) O, ,1 ±. O. 8

     /!3,8', O.2,L O. ･1

     
/151.71i

 O,S± O.9

    /[loe.o) is.2± 2.7

     (:S2. ･1 11 Lt,8±  1.5

     (,i)O. S} ]･ 4.4H l.7

     [, i･3,31i 1.2±O.7

      13.5)  O,3+O.7

   t'N,]i nl)(･r c,i 11Is-t"g'l]llEliparEyl }Ki 'I(ac･h

   ci;1('h  foo{t gr'ollt) (`'n)-]1(}. r}t' tim{is

 sn[ad,  H"shimi,  pr"cc,ss('d r-tjds nnd

    
ftmtiv･jd"nl

 i'erenl  i'oeds nrv  lisTvd,

 use(1  "ith  spE･{'illc' {'c･r'f'al foods.

hc'tLtillg li}'1)E'. ,As i'ot' l)illtlt fo"c]s. BF, 1'c,tc,iitieTt in boiled
br()f'{･oli "us  41.79" , iJb spite  ol' lh{i sh"i't  boilillg lime,
bE'(':]i]se oi' jls rc'lalively  larg(,) st]rfuc{'  area.

z). Et't'ects ot' euokiTig  methu{.l  and  B/, vitarTier  oti ltu/

  r(,tention  ralio oi' B,/

  Tttcx Bd/ r('ierTtien  raiios oj' the meat  saitiplc's  wc,re

    similar  or lower "tL[m  t,he,v･ zaere  deep-I'ried Ihan "･i]en

    thc',v wer{'  sauteed  ot' grillc,d (Ta})le 3). rl'tie
 BF/

    I'cxtelllio[1 r;lt,io ;vus  tiigllcir i'ol' mc?Elt th}lll f[}r fis}] ",hell

    b{',th "･c]rc, c/{}oked  1),v.' dt:v heul,illg, but a precise

    rvason  1'or l,his ('outd ttol be obtainE,id,  In ordc,r l,o

    Iiett{'r uiiderstund  tltu e{mses  of  B  ̀ loss, the BF,
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Table  :'3.

     ,J. Htmte  E('tm.

Rpler)ticm ratie  oi',IpJl.

 V{}1.

viti]min  R,

tt･U･). Nt.). 1Lt 112f')O1'1･

,
 lti dM'erent t'oods ul'teruooking[/cib

                  Foed iLetta 
"

 
''--'

                                  rllM,

             Beel'sirk}in 11wtiiiml

                                  "'vll-d,m-'

             Vcu'k 1"iti

             (lhi['Lg'ti brt,nsL

             CI:i(･["(･" 1tugh

             B('(･h'c,unti {slif'E,)

                          ({11bF･)

             Pork huTu (s]ice)

                          (t･"b(,)

             Sn[tmm

             l [o-'s(, tnac･kerer

             ('hk･1"nTE,gg

             I}olisb{'ii ri('e

             SevL}eu"

             Br"c(/[]Ii

             Clavrol

             I'oTv[-

            
'-'i,il,,,,T'IJ,i,II...,1'I'-I',I'=i,I,

 

'

              Xvv('ighL o[' ('oetl ai'k'r c'

              (vmkhLg)><  -".  

'L'''SigTiill{･:uit

              ('eek[Elg  Tm'lh-  )dh  ['or Ihe  surrl(,

{'oilU.}tTl ilL Lvatfit' 11se{] lo boil lhe  foet'1
"''h(ni lh(' nmounl  "i' B" prestutl, im Ihe
boi]ing was  adt[e{[ to the ameitnl  

'

co"k{,d  l'ood, f.he B,; reteiiLion  rutjo  vl' ti

samp]{'  increase(t CF']g. 1) to aliTiost  1[)V%

l'oocls, so il Lins  c't}nc'luded  that tlu' loss
lh{lise foods w",]s iL"i due  lo thEinnal

c'onlrast,  at'l er  nddjng  r}-e, nmoimt  or  B,/

w,]ter  used  i'or hoMng,  the Bt, 
'

boileri aniTnal f'vuds "ns  npp;'oximals'1.y

"･hic'IT sugg{,sls  (tial lhe  B,, loss Lilth

i'uoc] wMs  c]i]e le reas{)r-s  "ilwv  t,han

"･"as a  L,u.viati{m  iri the  vit,tunev  slal)iliLL, er

thfh l'oo{t saTns}les.  ""[' theovize  thal th(i ('

B/, vitamers  migtit  hax,(, t)eem a t'a('tor Ln
ot' B,i rc'lcLnlion lhal we  observ(,d

foeds. The  c:mupostlion  ratios  ef' Il,.･ 

'

w('t'e  allf"red  bF, e{)oking  (Fig, 2). rl'h{,

vLtEimc'r  in aMimnl  foeds (",irti the ex('

  3(}

     ...-...t.
SMTIEH･iTl,V; &

    Retc'nllcm

  -oking),/(BE,

        lbncb,

      vx･"as ;lnalvzE-}ci.

     tval(ir' us{'d  d'or

  rCiM?]IILillg irl (!LC',

        boik/{'l t'ood

       fei' the plEml

        or  B,/ l'rem

    clegrndation.  In

     PI･(,S(li1]i ill llH.

relE'lll]ell l'alie for

      70C)b, a resull

      boiled animul

  titigv:iti(m,  Tluxr{･

         B,/ aTtu)tig

      OMPOSiti(]IL  Of

       lhe x,ari:il.ion

  llmollg  (MT<,1'c,Tli

 N,]t.iMTK,r'S ill tl ['(IM)Cl

       prcxck)miTvmt

    cipti(}n of  bec'f)

               ('t)ukiTL,L: ru('thncl
    ..--t-.t.t. -.ttt.. ..t....t.-....... ... .......... ..L... .-.... ....

    .ci.t/111tLg-...".!!Ltr}:J.i'r's']pg..-... ....-... I.3i?.jltl)e" ...--.
  95･).2±.ii.6,,

  S{i,3111.6" 67.S+Ei.O, l[l.2± [S.3,1

  79.1.L I,,1h

  71, LJ -I Li. ,'n･/ (i6.o+ 1. L, 1' 6z 6+  o. ,-, L'

  75. iS ± S. ti" 61).6-5.3i"･ 51,6+  IS. stb

  17, L' .F. LL i}" 7LL 7± L2" 55.6 ± 1. .g b'

                               sh,n't  tiinv 7' 1,S± 1,4'b
  79..7±- r,,6･L
                               1[mglime 15.5!1.(i'

                                           27.{}d L,.sL/

                               sh[:rl lii--e N3. -1 =7.  1 '

  79.2± {s.1･L
                               ]{)ng tim{,  tts.sl tt,.gi'

                60. "S .l, L,.5i :{9. [) =. 3. L) )･

  51.1 ±
-
 7, L, F/ -S.1±  1i. LLi Ei7.6-t. O. 2･L

  E3. 1; ± 2.0 43,.3tiS  41, 7･ =.  10.T

  Si C5 LC,L.6  83. 3, F ll.2

                                           iilT,,(LT. I,S

                                           62･]. 1± 2. Ii

                                           ･1 l, 7･ .L I.5

                                           6S.{) -+ i,. ci

                95. u-' .L 5. 2" 7i). [,±
'b,

 L/ 
I/

-
 ria'ii"}r  Bl, c{],,}={B,, crii"i{iTitl'flg' irT ibl,d ;l-riclr t･[J,iihiig

   {'{nilvr)Tig  tu ibud Iiul'"ve (:)nkitigXwE,ighl  c,V I'oe(ll]elbv(,

c]iiTd･ix･u(･c,s  beLw,eli  t}w cliil'('t'('nt k･tl{･rs (LLsi:Lg di]TereMt

1. "c'1

 was  l]I.P, uti(srcxas  tlw  pr'edomiii:u]1 vitarnvrs  in planl

 i'o"ds w{,r{.  I'N nnd  i"NG. Similar patt,E,rTis c)f vittainer

 <'tnnpesitioll  iL'ere  sc'{]"  i" chi{'ken  mc'al  nrid  pork,

 horse mu<'kt,rel  anc]  salmon,  nnd  c'arroTs  ni-d  i)otutovs

 Cdala n"T  she"v  ). Of  all the vitumers,  Pl.]' -'us  th(' otLe

 whk'h  show{'d  lht, s3i't'ntest dec'r(iase in ('{)mpesiti-n

 rallo  ut'ter  {/ooking,  "'hcLv(ias  tlw ('omposition  ratie  oi'

 I"MP  t{,nded to i]]c'i'(,asEj with  ('oeking.  Tho  PNG

 c'etnpesitioii  rntLe x'uvtvd  anu)iLg  thc' pluTlt I'ood$: fer

 t,x:]Illpl{h, it wtls  t･t)C}eo ii'T I'i('(s tlllct t')O[)n i:1 p-T,::lo('s.
 Determination  of  B6 retention  ratios  in the

reproduced  meals

   No  sig"il'i(･{uil  ditl'(,rc]ru･ci bet"'een r,he pre-c'oukjng

 Bf, L'onlenl  [nensured  bx, HPI.C uTici lhat  ealeuLated

 i'r"m th(i l'o"d t,al)lc's was  apF)ar(Lnt  ill Ihc' reprodu('ed

 nw:tls.  as  sho"v  in Table 4. 
'I"h"

 reteniion  ratio {]f B,,

 iii i] mix('{t di('i pr(ipat'od })y iisiTig N,,'ir'ic]iis iiu'rhc)ds  oi'

 f/[)okiTig  wus  approxiinately  85.r)C'e (e(nnpat'ed "･ith  the

 meastirvd  value)  and  888?･6 ({.'oinpurc'ct "'ith  ltt(x

:･] 11
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Etl'ects of  Cooking Met}io{is on  the Retention of  Vitamin &i in Foods,  and  the Approximate Cookiii

         beef sirIoin

            pork lein
       chicken  breast

        chicken  thigh
     beef reund  (cube)
       pork ham (cube)

beef round  {short time)

 beef round  (longtime)
  perk ham (short tjme)
   pork ham {long time)

               sa1mon

        horse mackerel

              soybean

             brocco1i

               carrot

               poteto

   pm/,,.,-t-/nll/)'
           t,/u

 
/'

    ',v//11'//･tlr,,/, /,.//t,/ti/.

      /]c,q.t･'r/'/,1/',s

         I･.t,t11v/./

            /1.

   I''IJ./,'i'!IEi]k /'L,/m /

   
tttttttttt rt /t tt

    t  /1,ltl'.,t'･/.,1!/p

  ,,.
 
,I
 

,,
 iE.t/ ･r..,

    [i.''ii///･.',･/'m"/
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Ei]'1il
       changes  in the tota] vitamin  B6 content  and  vitanier  composition  in food prepared by "'a"r'I'6Tl s cooking

       methods

        Be conte"L  (PN eqiiivalent)  of the raw  rnaterjal  is defined as  10096, Values  of  10%  or  more  ure  included, PMP
                                                                                                 J

           5 
-phosphate;

 PM, pyridoxamine;  PLP, pyTidoxal 5'-phosphate: PL, pyridoxall  PN!', pyridoxine 5'-phesphate;
PN, p}Tidoxine;  PNG,  pyridoxine 5'-,3-glucoside.
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CoLnparison oi' the daily
bet'orE iinci  all,c.r eooking

 Nu.  I2 [2001  1i

B"  centent  in a inixed  diet

                    '1it=i)

 C{.mLf,x"[ fleLei'Tni-

llY'ti()]i U]･(}(･c,<.liii･tL.

 Mc/ atst.tv( d valite

 (HPLC)

 (11･a]".ilat ed  vaLLu.'

    B,/<'out(hiLr

    / Tllgldll} )

  he['ovc, ve"kiiTg

 {aH ingredient,s)

  at'1{.r ('ooki]]g

(all c'nokc,d  dishes)

  br,i'm'E,l'd-]{illpl

   (l'o-citai)[e)

   ReteTition valin  of  BE,

     . L. 
c?tl/?

1.05±O. 37 
M

            t S5 5±･ 10 s

O. 91± O. 36 
-

            l･

            F ss s±  7,6

LVI ±O.33            '

                          Mea"t.  SI).

calculated  value),  lt is coneluded  that the eooking

loss of B" ""as approxii"atel.v  ll3% iii daily meals.

                    DISCUSSION

  The results  ol' our  diet,arv sLu'vf,iy  and  measuremeiiT

of  Lhe seruni  Bo level indical,c' Ihat the  daily B,, iiiluke
l)y most  ol' our  st2bjeets  Call of  "inom  werf.'  hea]1}b.v

"omen)  inet  or  exceeded  rhe  requirenient  i'or E3,/,i'
attd  tha[ nerui  ot' Lhe subjects  suffered  from  a Bn

deficiency. Thetr B6 intake levekvas a  little lo",eir than

t,hat obt,ainetl by  the  American  NIJ.ANES  ll siirvey,  

'
 iti

whi('h  the  B,/ int,akci wus  il}L]nd to b(i 1.1,1± l.)J)1

mg/dny  in Americtui woi"c,n  hi ltie I/S' study  the

rnaiii  fc)ods eat,en iN(xre beef steak,  alcoholic/ bpvc]r-
ag{/s,  t'ried potaloes aTid S'ert,it'i('d cereals,  whereas  in

our  stlldy, the main  foods eal,E]Tl wer(}  I'21w ol' gri]]E.'{']
fisli, sauteed  ineal, fresh or boile(i vegetables  and

('eoked  t'i('c･ <Tuble L'). Tbe  resu]ts  we  obl,ajpect t'ot' thu

fi'e{lu{'ne.x., of  consuming  rice  tuid  bread  over  3 days

(9 irieals)  are  siiTLilar t,o those  r[,ported  b>, ltat,ae et

al,"'  in Japan. While many  foods in the I/S stud.s' were

prepared  or  c()oked  food by dry heating, th{i snbje('ts

in our  stLidn'  c-ok(,sd  I'ood b,v wet  hE n,ting  morc,  ol'teti

than by clry heating, dLie to lhe dift'ereTit dietar,y
habits. The Japanese diet has been evalllaled  as b('ing
sve11-balanced,  "ith  a proper  level oi' ('ereal eonsump-

tion a"d  a  goud  degree c]1' diversity ol' fuo([ prod"('ts,
resu]ting  in a  balaiiced illtakc of protein, fats, an(1

earbohydrat,es.  In our  sl,udy,  Ihe ca]enlated  PF(J

calorie  ratios "K)re nearl},' optiJnnl/''' protein, 14,S%/
l'at 28.:3['o; c'arboh.vdrate,  5t').9[1-, alth[')ugh  t'at te]ided

to be a lit,tlE. higti. Prol,(/in rronL allitnal  1'vods

ac'ctounted  i'or 50.Ei96 ot' the tot,aL proT,tliin intake. Thc,s(,

r('sults are  purlJy due lo lhe level o[' vark'ty  iM lhe
Japanese diF.st. The  importatit  facters  in B,, ]oss wc't'['

"ot only  The  t'ood so-rc'e  but a[so  the  ceeking  meT,liocl

  32. [I. 19,1

used,  Wel heat,ing hns t.he disadvnlltng{' ot' losiTig B,

iitto the i･vnter  use(t for boiling, Plarit t'oods were  more

t'requent]y. cooke[l  by wet  hpaliTig than  ",e.re  animal

foods, becaLise c,f the c'ooking  prnperties of  thLse

1'oods (for example,  rjee  and  so),t)ean).  "Jet ]]eating
only  resutt,ed  ill a  tow B rel,ention  ratio  whesn  the

xvater  used  for boi}ing (ecmTuii)lng lost, B,,) ",]s  ri"i

C.O])Sl]MUC].

  Our  experimental  ([aLa  t'or B" retention  s-i{,h eookc'd

foc]ds are  consistent  svith  results  of  prtrlipr  studies

illx,olving sauteed  m(Eat;'ti:L'  hoile(t soybcans'  alid

boiled vegeT,ablesi"'  The  50eu B,i ret{ntion  rat,iu  c.)f

('oeked  ric'e "ms  thc' direel rc,sull. <)f "iishing.ii''  Ouv

rest]lts suggest  that differEm('es in tho B,i retentiotL

b(it"mpen animal  foods and  plant foods adjLisled  for the

loss f)t' BL, into the  iszater  i]secl  for boiling may  havo

b(i(sn due to different vil,amer  cumpositions.  B,; Ni･?ts
more  stHblv  Lll plant  foecls thall in tmlmal  f{H}ds, as

itidi('ated b,v･ lhv higli PN  aiid  PNG  co]LleTil,s  in p}urit

I'oo(ls and  lhe  high PLP ttnd  PL ccmte]its  in ani]nal

foods, Reductive bu' nding  of PL and  PI,I' to the lysyL
(,psilon  ainino  groups  ot' prot,eins  and  peplidc･s  has
been  demonstrated  to occur  durlng tliermal  precess-

itig;" [mf] 1he  ratiu of BG c/ompounds  bou]id to prolfbin
iTi cuoked  c/hi('kcin  bveasl me"I  has L)e(m reporlLid  to

be 20`eb." lt has atso  been clenionstratLd  that PN  ",as

i-ore  stable  than PL or PM, atid that PL]' "ns  1{iss

stahle  than PL. 
''
 B" retention  is likely Io he afTe('tec]

b,v the  stabLlir.v  iTu/cnnpesitiori of  th{, N,trieus  vitarners,

IiLcreases in the composition  ralio  of P",IP un{] I'",1
ut't{,r' eooking  werc,  alsc}  obsf'･vv"l,  z fiitding c'onsistcint

wLtlL  lhosu ot' Aiig et al,,ii' and  dc'c'rc'Hses iTi tlLv

('omposition  ratios  of  I'IP and  PL  wer(,  simult,anc'ously

ebs{/rved.  This phenomenell  has also  beeTi i'E'l)oi'l(Kl

b,v Gr'c'got'.x, et cti,,'' wlio  I'oullcl that the  ('xrer"  ef

dephosphor>slalion "ms  less than  i,har ot' transamina-

1]
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  Effects of  C:ooking )v'l etho(ls on  th{, ReteiTti-" ei' Vil,arTiiii B,/ iii

tion. Changes in the ral,io  of  PNC}  due  t,o heating "'pre

not  c/learL.v･ observed  in our  previovs stuc].v,'i'' Th{

re]atively  low bioavailubitity ef  I'NG  is nol  corLsidc,red

an  imperTaiit fa{/tor ill (lua]y  meals,  bec''iuse Lt hus
beell observed  (in our  previens slud)';''  nnd  by ATi[]oTi

et  ai,':' and  Nakaitc) et  ctL'')  that serum  PLI' was  "ol

alTec;ted  bx, the  I'NG  intnkf evell  whfen  1'NG
ac('ounted  fer appruximul,el,v  lt')-160i, of lota] B,, in
dai]v meals.

  Thc' effe{'t  of  su}t  (a frequ{ ntily ttsecl  seaseiiing)  on

Bd, retention  "･ns  also  stucli"d.  Allhf}ugii sn]l  has a

coagulating  effec;t on  proteirL, lt was  riot obs(irved  1,"

at'i'ec/1 BF/ retent,ion  "then  it was  Lised  ln c'ooking  a[ a

c'(.mee.ntratiuri  of  19(, (ciat,a nol  shown).  This ot)ser'x'u-

tic)Tl is eollsistE/  llt wil/h  ttLa.t ut' Sci]JIIall.'

  The  raLio  ef  the average  B,i jntake obl,ain(,(1  froin
the  cluplieate  mctals  (iri(iasured by IEPI.C) to that

(''tlc･u[aled  t'rom the dietarv recorfls  "as  86,7"J , MosT                          '

BF, values  in the  ,fap}mes(i standnrd  i'ood tab]es"'' are

c'alc'Lilated  l'ur ra-' foods. Th{, differ(htu/p betw{ien

measured  nml  calc'uluted  valEies, the appurpllr  ceok-

ing loss (aF)proximateiy 1306}, "･ns  obtained  in ttLe

fit'st stq)  of  thts inv(,sl'igation. This valuci  i'or {'t,oki"g

loss is m  reasonably  elose  ngve"infnit  "tith  rhe  B,,

retenlion  ralios arriv{]d at e.xperim(:ntall,v I'roiti lh(,

reproduc'"d  dLiplicate meals,  ThEi exp(,riTn{inlal  resu]ts

{'otifli'iTi that  the  cuoking  ioss Qr BF, x{･:-}s upl)reximalely

I/l`k) in hoine-(/ook('d duilx, ]riea]s  "tii{'h in['ludElicl -1(}C'[,

of non-heated  l'euds suclL  as  t'resti tind  pr"('ess(ict

tYPCiS.ii 
'

  It is cliffieull, to {'.ak'ulaL,e  Bii jri a nieal  wiien n()t

(r-nsultiTig  the data for soine  c'(}okecl t'oucls or  c'uokiiisz

itiEithods  in I,he  fooc] ('omp-sition  lablp.i'' becauscx

analysis  data for {'-ok{.d  f'oods nT]d  {'ookiiig  mE･Lht)ds

iii r･his table arc'  lirtLited, Whc]n  the  nulr'i(]nl  vnlues  for

raw  foods in the  t,abLe"ii are  Lised  i'or tlie caLc'ulatiuti                                                      '

t}ie loss during  cooki"g  is nol  eoT)sicierecl.  W(･ pr"pc)sEi

thf applic'ation  of the cookirif;  loss lo lhe  c/;'i]c/ulnliori

"f  BE, in meals  as  a simpie  aitct ccmv(,tLietit mcithod  1.o

estiinate  thf, a(/t.unl  B,, it"akE,. }()i

  Some  m(asLu'es  ",hich  can  be usec[  lo ](iss(in the

eookitig  ]oss of  B{, urc  (I) eatLng  hoilc･d 1'oo(ts wilh

scmp  made  l'roTn tiTe vvater  used  i'or boilillg; (2)
                                                            L 1 .1i
avoiding  a  1"ng healinEl liTue, parli(･t]]ariy "rith  anirnat

t'oods; (fl) usirig  F}rEip;]raticm methc)ds  whiuh  T'eKult  in

less BT, loss (etLT,illg Nlw  fc)c}{']s. aTld  usirlg  (iry  hf]atil]g L2,
-,it]L u shoi't  h(xul,irig tiiiu').

                   CONCLUSION

  The  approximate  cooking  ioss ui' Bf, iii ctaily  Lneals

('onsisl,i"g of various  (aishes xs･ns tbund  to be 130e. 1:S/

                                                       il ]19. i, 
']

IJo-ds, and  Ihe  Apl)roxirnat(, Cf]"ki"g Loss L]L I)ail,i, N'l eals

The  experiinerit  d (,xaTriiriation  shoivs  the  cooking  loss

to bci th(i grentest from boi[ing (espeeially boiliTisl

me'it 1'or a lo"g time), this })eing t'otloi"d by

deep-frying and  s;,auk]eiMg, Th(li Lts<, of  dry honling i'or

thEA preparaljon ol' inosf  uf  1.h(, ;mhiml  foods in this

sTiJdy  r(,sulted  iu a relatis,ely high BF, i'{,tenliort r:]tif).

"'et heniitig svus I'ound to result  in u  tiigh t'etE'nt,i"ri

ratie wheti  lhe wut('r  usvcl  for boiling "･"as cer)sLllueci

logEitht'r wittT  t]ke boil{{t food.
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調理法に よる食品中の ビタ ミン B6 保持 と

　　　　日常の 食事に お け る調理損失
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　実際 の ビ タ ミ ン B、
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〔Bρ 摂取 縫を考
’
慮 して ，凵常 の 食事中 の B6 に おけ る おお よ そ の 調理．損

失 の ILd積’．
もりに i劃 llす る デ

ータ が得 ら れた．我 々 の 亅9 名 の 健康 な 女
畠
性 の 栄 養調査 1こ よ る デ
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llを 11靦 調 」
』｝「1 し，調JI昂 rl後の 食物 LV の B，、の 測定よ り得ら れ た結果もまた お よ そ 13％ で あ る こ

と を 小 した．目常の 食
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拝に お い て

， 動物性食品 の ほ と ん と
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が B，i損 失の 少な い 乾式加熱に よ り
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1の 多くが湿式加熱で あ一
丿 た．調理損失は 」
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煮：る 」で 最大 と

な り，続 い て 「揚 げ
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る 」，「焼 く」の 順 で あ っ た ．しか し，食材と 共に ゆ で 汁に移行 し た B ，， を

摂取すれ ば ．「煮 る ！は 比 較的 B
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