
-~!I •11'ili rllJmf!\<

iua (Zluc)

fl,ml:~iWidlll~~lm,ziJ~~liW"'l,irl1Wlm'i (trace element) ~ml~m~tlJ~iJ

f!'IJ11lW!JiJ"f)~ (prasad, 1988, 1991) Raulint ~'r1~"~iWf)~ii'inL~t1f) Jf. 1869 11fl"n~

£jf)113,j'~hwffMfum'ii~tlJimJTmJiJ"i~'r1 Aspergillus niger L~t1f).~. 1934 Todd m'll:

f)t\ltt~'r1~mmn~£jf111~~liW~ (rat) 'VIMlmZ~n£j~~t~'il~mirimnu

ml~m~tlJ'JiJ"fl"n~~iJmiifl::flm5~'l iifll:L~t1fl.~. 1963 Prasad iifll:flt\ltt~'il~"~

1111::n-ml~fl"n~~lnnn~n~~m~L~th::i.,,~aDl.J~iifll:~m-n.. n~~iJlm~.mnlJ fiiJ
~ ,

ThlmW~~iif)'it (dwarfism) ~iJ~iw~~,ziJ~n1ll.Jn9i (hypogonadism) il1iJiJl'VI1'i iifll:

"'" 1 :-.1 .~" " II""nmnfl~~l.Jn91 (hypogeusia) iJlnni'VIfl~~1n.4loOo1iJ~mm~'iUfl"nl:~ (Reinhold, 1988;

Czajka-Narins, 1984; Prasad, 1991) ~iJn~ln~m'W1~fl"n~£j~.,ilLl1ii"I'l'VI1~f1 iii'll:

Lfi~~l'iii'mfMJiJ"~~ (acrodermatitis enteropathica)

iI~mril11l1::n""'(Ilfl"n~n~ln~mJ L~l1l1.."'YjWTnwlnn im ii"iJ~

in(ll~lnhfl (disease) miJn~m~tmtn.n~i~ (physical injury) ~"n'iJL~M~nl'i

i~~~iil.Jfl>lfiiJml:u1\4n~ii'r1l.JiJM~iLl'l::n"wrh~fl"n~ (Czejka-Nenns, 1984)



,
1~~fuLtJfl~~tiJ1mXn 70 fiTfln7~ ti~n~.J.nm 1.4 a~ 2.5 n7~ ~~muL~~

L~nT.:~mLfl::n~1~Ld1J (Underwood, 1971; Prasad, 1983, 1991; Smith, 1988; Linder,

1991) ~n~titml.J-mmfi'lIifi1Jn~L\I~tlJL9iuTIJI m'l'li1J~LL'il~Ldmri1J LLfl::d~Iu1J~tft.lT.:nm.J"1J~

L1J~L'il~mj~~ 70 1l\1~ L~ alkaline phosphatase, carbonic anhydrase,

carboxypeptidase, lactic acid dehydrogenase, DNA polymerase, RNA polymerase,
~ , ,

LLfl:: retinol dehydrogenase dM~ TI~MmtJ".mLfimntlm~~~ln~1J~1J1m::flu

Wi.l{LLfl::nT.:~n ~4j~~Y1~ mmlt1LLfl::m'iVl~~~'tfu.l m'iW.t'h~11J11!i~L1J1J1Jn\lln9Tu~1J~

LLfl::fl'll~ fl~"1J~Lri m1~ L'ilfl~ (cell membrane) il\l~WL~1J11~n::flijtml.J"MLri mntlm'i

~Ltm~'1th9M~'m (Underwood, 1971; Stamp, 1978; Czajka-Narins, 1984; Robinson,

1987; Smolin LLfl:: Grosvenor, 1994)

f1.Jm~~l~l'm~~~~ff~n::fl\lln1J~L~~lm7iJ~fl:: 20 ~~ 30 (Prasad, 1983,

1988; Linder, 1991; Wardlaw LLfl:: Insel, 1996) ~n::flmuL~qjtJn~~~~~ML~nijLw~~

mu,x1J~~tJn~~~~~m::L~1::1J~LLfl::fl1LffL~qj (King LLfl::Keen, 1994; Smolin LLfl::

Grosvenor, 1994; Wardlaw LLfl:: Insel, 1996) ~m~L~n~~~~~~n~ntlfll1::

f(m::flL~f1.Jm~ ~~mn::flL~1J~ LLfl~ff~Wi.lnn~~L~1J"M~ (Czajka-Narins,

1984) nfll1fl1J ~~Ml1::n~1~~n~\I::~~~~~n~~n11rfiUJ"1~~n::fl LL~n::fl

~~lm,x1J~L~1J"M"m::tJn~~~~ L~~n-J~n~~1~1n L~1J~ln11~1f1.Jm~ L~n~

L~~~1~ln f(m~tJn~fl~~L4ht~L'il~.rim.jN~1Lfl\l::'llJn~~tWJn~LflTl:M

u.M1fl1,LYl1tJil5~ (metallothionein) L~~~ (~VI1flM,Y111Jil5~ Lwlth9M~~l"rownti

mn~ Y11J~LL~~ Ufl::Ldl!1'J5n'lllfl1~1l\1~ LLfl::Lri~~1J~ntlmu~tJ~1J~~n~LLfl::YI1J~LL~~L4h

t~itfl LLfl::L'il~9Tu~'m) ~Y11flMYl1tJil5~n\l~n~L-n~L'il~Lri1JtlN~fIlL~ln~

~~1~n~4hfjnT.:L~I~91 ~",x~~~_nm\~lnLii~\I::l~~1J1J!t1~L'il~Lri1JtI

MX~fllLfl LLfttt'JnWil1Jn\llnf1.Jm~mD~ntlL'il~Lri1JtlN1tlfll ~~lIl1J1q'(11.l~\I\Im



(Smolin LL~ Grosvenor, 1994; Wardlaw LL1'\:: Insel, 1996)

1iml1'rmtJ~f1il~f1f1£lnTI~f1~3JlNn::fl L,n.. Lmnm~ (dietary fiber) LV'JL9191

(phytate) LLf1::Y1EhlLLfI" LiM9n.. (Czeike-Nenns, 1984; Smolin LLf1:: Grosvenor, 1994;

Wardlaw LLf1:: Insel, 1996) ~nn'r1~"l"4nTI~m~rii~~Lri!.nntl1l1'1::nmJlf1ft"n::fl!lEl"~l.h~

t\.LI..!?;L't1fl~/jtl9iLLf1::5wt1\4!1El" Prasad LLf1l:f1tll::L\.LU f1,fl, 1963 M_rll~l.hmVl~,d'fu

~l\.LLL~~~lmLil-~-ml1ft LLf1::~1 ~"LWEllVll,;jilLV'JL9191 L\.LtR3Jlt~nn ~W~f1L~

Lnfllm::nmJlf1lNn::fl flEl)Jl~~El)Jiun\.L11ti'1'futl~l\.LEllVl";jnL~EllVl,,mEl LV'JL9191L;J\.L

El"fi'm::nElUL\.LtR)Jl~ln'il::riEl L~Ln"fll'l::m'rol"ft"n::fl (Prasad, 1983, 1988, 1991;

Czejke-Nerins. 1984)

't1El"LL"*!l)Jl'i'tln~9j'\.L t~L~~Lrim.J~~"~l LfiINLf1'fl:MUJ't11f1M't1Tm~~\.LL~ ~,J\.Lti'1

-rnm~L~'lli't1El"LL""L\.Lm3Jl~lm~~Lll EltJ~~"~l'tflntJnn~9j' \.LL~ft"Lf1'fl:M

UJ't11f1M't1TEl~~\.LL~)J3Jln~ LW~f1L~"n::fltJnUJ't11f1 M't1TEl~5\.L~UL-n\.LL~f1~Lrim.J~~"~l

Lfi3Jln~ ~~9113J)Jl~El -rnm~~"~3JINn::flf1"~ (Czajka-Narins, 1984; Smolin ~Lf1::

Grosvenor, 1994)

9l13JtlnMm::fl'ill:tJnWElEln'illn-rnm~'t1""~'il'ilmLwth\.LLVlq) ilLWV.m1\.L,xEl~

(tW.JJltl4 0,5 ilflfln-»JfI£l11.L) ~tJnW£l£lmnn-rnm~'t1,.."jmm:: L1'1.LLLfI~Yithmwhf1 L91
, .,

(nephrosis) hf1fltJLLm (hepatic cirrhosis) T-~·fHU"Mll\.L hf1~L~El7" TI3J6,,~;jEl"

El~..,mn::fl\lnwElEln't11oilffffl'l::3Jlnn11f1\.Ltln9i6" 10 Lyh (Prasad, 1983, 1991;

Czajka-Narins, 1984)

~ 1 LLfI"M)JlniV,m~f1\.Ln~)J£l1~m,'l f1'l"L~ln£l1Vl'11t\.LLLfif1::1\.L

(n»l£lwl~V, 2532)

- ~ .
1IIl1'JJlmtt1t rrn1UU'UtflUJnl1 I. """'''''''Mn1tullll,'71fJ1ne. .
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Dl~ tR~lnliWntR (~n .I~)

..
33-5 L~D\4

6-11 L~D\4 5

1-9U 10

10~'ttJ 15.. I

..,~~t1-m 20

..,~'tMtJfI'i" 25

T~E.J~'ttJD~Tum..~~n'il::nfl,m:;flD~'t\4m~ltl.L~~.,,~'m ~'lhl Dlm'i"tl'n:U1Y1

LdDflrn 4iu 't~ m""l'n1::LI'lT~E.JL;;;Wl::v1DE.J\4m~ ~1'lU!LtJ~DmLW ~1 LLI'l::n~ t'\'wrfu~1

LLI'l~fl,mtR't\4L~DmL~~UJ~~LLI'l::fl1\4tJl'llE.JE.JD~'lIEl"'UJ~~ (f1'lThlY1 2)
'" .. ~ : ..J I'"

(m~El\41~E.J, 2532; Cza]ka-Nanns, 1984; King LLI'l:; Keen, 1994) 'MIoin'll\4El~ntn.R~lm

fl-lntR't\4El,..,m\flm'~LLI'l~~lnliWntR't\4~\4 (King LLI'l:: Keen, 1994)
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Litm¥m iJ"Ml'n1::Lfl

VliJ ~'I,rm3J

... ..
\411.UJ'l'l... ,
\411.UJLL3J

1. Lmi.Nlnmmi1:JLofl~-.lWiJ L,n.

1.1. hfl'IJ1~TmLLfl..~1\.l
, ..

1.2. n~~iJ"M-m.J1\.l~L~\4iJ""'"

1.3. n~L~~"M1'n11-MiiJ~L~iJ~~,;j1:Jnfum::ff
T : .. , ...l..~ fI!.,"

1.4. L"iflL"iiJ7-lmJ'1 L-a~ L'II'll~ LLfll:LlJ1m1\.l LlMf1\4

1.5-4

75

4-7

1.5

04

01-04

04-1.0

06-30

2. nmJ!l!.m~~\Il~3J~\IltJnfi

2.1. fI"l"jL\.liJ~\Il'lJThln~~\Il~3J Muri L~iJ"M~ Lv-JL9191 LLfll:Ldll1~\Il

L,n. 'rIiJ"U\Il"

2.2. 111'l::unn~n~~\Il~3J (malabsorption) ,;",,'1 L,n. T"ifl~~~

n1"iLfi\llmQfI~qdlfi (cystic fibrosis) nq3Jmn,.mlL~ hflf\1Lfi!lmffI.J (inflammatory

bowel disease)



3. m1JJ;r1l"nl'ffi.:n~L~JJ~ L~

3.1. Vl1'm fl~1l ~n'1l'\.4ri'M\4~ 1l~LW~~JJ~1n m~~Mfl1.:1L~'\.4iJlVI-mJ1l""1'm

!J.MilI'\.41UJ~~"l\1~~~JJ&n::~'l~'\.4tRJJ1t14,zmJ (Prasad, 1983)

3.2. ."tD.:i3jfl"nLL~::YItD.:i L\1~~m ."tD.:i3j fl"n3jm1JJ~1LtJ'\.44i1l..n41&n::~M 0«

ltM1un"'L~qjL~TmiJ"",.'mL'\.4f)"n ~."tD.:ih;"~~'II13jm1~qjL~IJ&n~'ltJntJ ~~

LO«L~IJ""1'm (n'l'JJiJ'\.41;JIJ, 2532)

3.3. 1l1'J::LJJLL'Y1tIiJMJJ~Lfi'\.4tJn9i (hypermetabolism) L~ lm::'lyJ'l.,,~ ~14i~

1l~iJlVI'" LL~::Ll.I'lm1'\.4 LW9it.L

4. nTI~qjL~IJ&n~L~JJ~ L~ lm::m1ii'1.i&n~iJ1lnJJ1L'\.4i1f1f1";::~Ln'\.4tJn9i

(hyperzincuria) ~"iJ~Lfi~'innnTIM~L~'II (chelating agent)

3jl1IJ"1'\.4-l1~U'whfl~~~~'J!JL~it~fffi15j'\.4 (penicillamine) ~,,3j~

l1'MLWfI17~Lfl91 9i~9iiJ n'\.4LWL~1'\.41'\.4 Ln~l1TI::n1~1~&n~ ~~~nTILO«L~it~~~1£l'\.4

LL~Lm..,n~1~ 2oo£l~~n'JJ ~~:: 3 fl~ LWL~1 2 ~~~ wtrl1~mIJ3jiJ1nm1.:l11'J

.",z"LL~::L~~JJfi~ (Prasad, 1983, 1988, 1991; King LL~:: Keen, 1994)

81rrmll4ll'l'1:1l1ft1....4nn (Prasad, 1988; King LL~:: Keen, 1994; Wardlaw LL~:: Inse!,

1996)

1l1n11LLfltIl"!liJ\Il11'J::m~1~fl"n::~1i::JJ1n""iJ,ziJlJ~'\.4ntJm1JJ1'4LL1"!liJ"m~1til
w

1l1n1'nLfI\Il\I3j~

1. n1'n~L~TM1 (growth retardation)

2. n1'n~IJL~~tl (delayed sexual maturation)

3. 9iiJJJLwmir.l1'\.4,z1lIJn-l1l.Jn~ (hypogonadism)
• I' I

4. LU1lirMn (anorexia) 1l~Lfi!Yl4i1l"m.Jn1'nililwLLlJf1\ImrnmLL~::n~
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5. ~~~ (diarrhea)

6. N~~ (alopecia)

7. nn~!NI~L1.l~~~Q\IltJnfi (impaired night vision)

8. IINflm~f1 (deJe.yed wound healing)

9. rnwm~£N&l'M1X~ (acrodermatitis enteropathies)

10. lJ!j~11.lfl11.lfllllfl,l (immune deficiencies)

~~!jlrn::n1'W1\1lff..ln~~11.l11 ~ !l1m~IIl'!\Il~fi il nnl~tlJl~191IW'1tJild,.",n'1

il1nm::~fn,ililM~n~ 1'lI1.l ~mL1.lWlflm11~91:m.ililnnfll~~L\II~~~m1m1

il~ij'1~I9191L1.ltR~l~ .IWNflL\1m~I~~tlJL~1m ~hiij~";lnn4ln~m~1\1l~m~
,~ Ji • •.~ " ~ " .... ,.. ..Ji A"':" Ji • •.~ , ~
Il'fl~mnun 'MJ'llfll \\IIm~l~tlJl9ltJ \91\ll'll1.l -n'l1.l~f1~111'l::m'i'!Jll1lmn;;rtilm~11 ~~il~lrt~

fi91'1~til~M-fum,.m~l L'lI1.l ~tl'l~~ijm~ilmMil~&l'l\ll\ZJ ~~Lwhflfl1~~nTI~~ij

ml~&l\lltJnfilrimnum~~\Il~~ff..ln~ 1\1l~~::ul'!\Il~il1nmffi~!.i~IL3JLlm il1m~IIl'!\Il~ '1~
" "lIT) ~'il'J~17il7-l bullous-pustular dermatitis N~~ l'!~il~&l\lltJn9i ~1\II1Xnfl\ll ms

l~tlJl~1m Ilfl::lnlllhflfi\lll~Mtl~ l~il~lnml~;;11.lfl11.lhfl~lllfl::il~I~~fi91 hitil~

M-fum,.m~11\1l~nnL\1ff..ln~(m~il1.l1ar~, 2532; Prasad, 1988, 1991)

ij~~~11.l';hm~L\1ff..ln~l~ 300 !jflfln~9iil11.mri\ll~~fl,.m~lwhflfl~~

n~~~~ijn-mrm~il~el'l\ll\ZJ l~ili'n~~Uff..ln~L1.l~flll'!~l L\1tJnfi Ilfl::I~~'lI1.l111lff..ln::~

IW 450 !jfl~n~9iil11.lL1.l,rnI~il1.lf1I1l~~'lIil~n~fl,.m ~'hm~~ln~~l~ijml~&l\ll

tJn~~n~ Ilfl::!lnnl~tlJI9iu191911~tJnfi (Noster, 1988)

L1.ltl fl.fl. 1976 Arakawa Ilfl::flnl::'1~~~~nml\1lff..ln~il!.i1-31'4u~L1.l~!.JY1'1~

-funnL\1l'!n!l~flilllllflil~~1Yi~ijff..ln::mwl'lfl11.l11.l 1~~~th~£I!l1nn~~~

mL\1ln\llm~tU~~ff..ln~.J.Jlt1\11.lfl:: 6 fi~ 12 !jflfln~ IWNflL\1ln~l11'l::n1'W1~ff..ln~

il!.i"11.lII~ ilwnL\1~thm~~fl91'1~til~hiiun-mn~ ~ln~!la;ifl~~mhM::lflfl~

ill~~m~~II1.l~1L\11~~fl~n::~L1.ll'!1~il1\ll1~L\1m~\IIflil \Illflil III~lfl1\11-fu~~4i'il~ M-ful'!l~

il~~nfl1'lfi~9iiln1.lIWl.'lfl11.l11.l (Arakawa Ilfl::flnl::, 1976; Prasad, 1991)
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n1'l"'~n~30nnLfl~il~LWIol~"llnmru~1nt'lillVll'nL~::Lt'I~il-l~3oI~~iWn~L~il~

"llnfl11l\.L..~Lt'I~ill.J~'l~iWn~ (King LL~:: Keen, 1994; Wardlaw LL~:: Insel, 1996)
~

il1n1'l"LL~~-lSl ;r..n:t

1, th~~il-l t'I~'a il1L~~~ Wl.Jl~~mWI'~7tJiWn~1~m3ol1tl4~3oI1nn11 100 ~-l

200 ~~i'in~3oI9iil~ LL~::L~n~'~iWn~1~m3ol1tl4~3Jlnn11 125 $j~i'in~3oI9iil~ (Fosmire,

1990; Linder, 1991; King ~L~:: Keen, 1994; Wardlaw LL~:: Insel, 1996)

2, tR3Jltl4l1il-lLL~-ll~L~il~~l L~il-l"llniWn::ffl13Jlmfi\.li~'lJ'l1-lm7~~~3oI11il-lLL~-l

'lJilmm~ (Wardlaw LL~:: Insel, 1996)

3, 7::;rl.J'lJil-l'~TtJTtJ·Nh<f1'l13J~lLL-..(~~ (high-density lipoprotein, HDL) 1~

L~il~~l ~71~-ll"dlri'1'1~iWn::M3Jltl4 45 ~-l 75 ij~i'in~3oI9iil-m (tJ~..3Jltl4 3 ~-l 5 Lvh

'lJilM3oIltl4~LL1.I..~11~flTI'1~".ful~LL9i~::-m) LWIol~l~~l.J'lJil-l Lil'll ~ LLil~ ~~~3Jltl4

iiJ~~:: 15 (Wardlaw LL~:: Insel, 1996) L~il-l"llniWn::ffl13Jlmfi~il~'i1.Jn~m~,J'l~m7

UJLL"1.mM3J'lJil~il-lLL~-l LL9I Fosmire 71~-l~11ti'm-lm~ '1~7uiWn::fl~lnn11 150 ij~i'in~~

91il~ LWL'l~~~ mlm::~1.J Lil'll ~ LLil~ ~1 n7::L~l::illVlTILWLLIoI~ ~L~~$j4i'~11~T7fl

~~fl'Il (Fosmire, 1990)

• 4, T,l$j4i'''''11~T7flel~tJn9i (Fosmire, 1990)

mMlYM (Copper)

l1il-lU(IJ-lLtI~LL-m'Jl.li~1tl41%il~~LWm11n~lnmra(IJ~~m1301m''tIJ9Iilfl'lJ11~

'lJil-lt1~ l~rJt1,fT, 1912 Sl71~m11l1il-lLL~-lLri~-roil-ln1.JT't11ft~ff 9iil3ol11~rJ t1,fT, 1928
~

Hart L~fl~..,,~mfmil-lU(IJ..ujt1'l1301V1LW~ (rats) LLfl.."11~..m~ 9hlufltl t1,fT,

1950 Lw4r.ul1'ffUf1n1'ntJflwLL1.lfwI1'lmil-lLL~-l1~""m~'lJ£l-lt1~Lri~-ro£l-ln1.J ht1~'1L~301

~ (Tumlund, 1994) 9i£l3ol11~rJ fl,fT, 1962 M'MJfl1'l::nmn(IJl1£l-lLL(IJ-ll~l11'l"n~mwhf1

~Lt1ff (Menkes' disease) 4-lLWht1mrM.l~~ (Sandstead, 1982; Turnlund, 1988,
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1994) i1tiJV11Tln::n1'Wl\l)'(IthlU\l)~ L."tliSl"!J~~VdJL\4'(11'm~f1fl!l \i1r1!l\4n1VM\i1 ~tl1!J~hi

~1'II1'Mm'Ifl!l\l)Lfl!l\l)~,yj'"wSl'(l!l~LL\I)~LWL'lfl~~ LLfl::~tl1!J~Slml~~\I)tJn9m~n1'i

~\i1~~ (Sandstead, 1982)

fl\4~SlfjwnmJn9i$j'(l!l~LL\I1~ L\4Th1n1mJ"'~lm 80 ~~ 120 $jflfln7~ LLfl~~lm 1 L\4

3 m,..!l~L\49fuLLfl::fl~!l~ (Stamp, 1978; Czajka-Narins, 1984; Turnlund; 1994) '(I!l~LL\I1~

1.J'fItI1'fILfl!J1nUn~n1~L~ LL'YIU!l~~~~!NL .,,~n L\I)!JtJ~~lm~!l !Jfl:: 95 ~!l~!l~LL\I1~L\4

Vifl1fi~-MJnUL'1f!l1 LflVifllfl$j\4(ceruloplasmin) ~~fll~l'm LtJ~!J\4L.,,~mnn Lv.j!lfSiiL!l!l!l\4

(ferrous ion) LWLv.j!l~nL!l!l!l\4 (ferric ion) LLthv.j!l~n L!l!l!l\4-WnU!l1L~~Lv.j!l~

(apotran~errin) LW~~Lv.j!l~ (transferrin) ~.m,.",zl~til!JL~n L\4Th1n1!J

(Wardlaw LLfl:: Insel, 1996)

'(I!l~LL\i1~LU"'!l~~tJ~::n!l~!l~L!l\4L'1f~~Lfl!J'l4f!l~nUn1'iLn\l)m.~l:'l::Wl~m\l1!l::ijL\4~!l~

LW\4L\4Ldmllmflmm.f1!lflfllLW (collagen) LLfl::5fl1fi~ (elastin) LLfl::L!l\4L'1f~~

~LfI"~!l~~L\4~ (norepinephrine) LLfl::L\I1tJl$j\4 (dopamine) TI~~L!l\4L'1f~~~l

LWL\4n~LLflrln~l~L!l~\4 (myelin) \4!ln~lnd'(l!l~LL\I1~~~Slu'YIU1'fILflmn~1J$j

9rn.4~hfl n1'iLL;j.,,4m!l~Lf1!l\11 LLfl::m::tJ1\4n1'i~ LL'YIU!lf;~~~!l~LflLflflL91!l~fl (Turnlund,

1988, 1994; Wardlaw LLfl:: Insel, 1996)

f1..ml!JfIl~l'm\l)\I1~aJ'(I!l~LL\i1~ln!l'MnL~l.1T'~lm·~lWfl:: 40 ~~ 50 (Mason, 1979)• •

L\I)!J'(I!l~LL\i1nL~\ln~~~fll~L~n $jLVl!J.ffi1\4,x!l!J~\ln~\I)~~m::LVil::!l'Mn

(Turnlund, 1994) tJnHaJm.rn-m~!l~LL\I)~n~\.LL\.L!l'Mn L~ L!J!l'Mn Lv.jL9191 ~n~

~mSl\4 ;r LLfl::!J'IDl'I1'i1(1) L~ LMlit;lflfll$j". LLfl::!J1fl\l)n~ LiMfIt.L ~::Jjp.jflm::mJ9i!l

~111'1"iL\4n1'i~\I)~aJ'(IWU~!l,m..,m!J ti~!l,."".yjjjfl1'iLwi~~1\4tJia.Jlm~
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~!J'lmlJ!J~Lij~L1fl~~ LWl.JflL'vin17~~~f1!J~LL\Il,.ffi\llfl.mlLfi \Il1Jl'll:nTI'lll\1lfl!J~LL~h'J'l~

(Czajka-Narins, 1984; Smolin Lfll: Grosvenor, 1994)

Klesay LLfll:fltll::M"~~11n17 'lmlJL~!J'MmimJ1~Nn LLfll:l.JflbJ'1~tR~ltU~nn';l L'vi

tR~lt!4f1!J~LL\Il"L~tNm~fl\ll~ (Klesay LLfll:fltll::, 1979)

t11'l~1uf(.m~L~1Ml\1l 150 Slfl~n~~ LWL'lfl~~mL'viLfi\ll1Jl'l::nmJl\1lfl!J"LL\Il~'l~

(Turnlund, 1988)

'l~3]n17~m~lT\Il~m"L~911Sl~ ~ 1Ml\1l 1500 Sl~n~~9i!J11.l LLri'lf1~~ 'M.l11

L'lI!J1TflYffilffSl~fl\ll~ LLfl::tR~lll.lL~~~'lJ!J~!J"LL~ L~~~~~l (Finley LLfll: Cerk1ewski,

1983; Turnlund, 1988)

L~~it~flfll3]~Ljj~~1flLm~~1.h~ T"fl_~\Il~L~~n-mftM!J~LL\Il~!J!Jnm-nJffff1'll:

L~!J-NlnmL~it~flfn3]~~tIlfI~U~LWff17tiLfl919i!JfI!J"LL\Il~ LL9Imn'l~ilJ~\Il9i!Jn~WL1fll

~~!J1~ri!J L'viLfi\ll1Jl'l::nmJl\1lfl!J~LL\Il~'l~ 3]"~~11~~'lmlJmfl\llm\ll~n!J1J~1~

flffarfla!Jn'l'll~ !Jl:\lSl'Lit~~ ~~nl LUJnitL~~~ LLfll:T'lIL~~~ ~~~ 15 Lij\ll't'Jn11.l ~\Il9i!Jn~
, . , ,

LWL1fl~~ 'M.l11Lfi\ll1J1'll:nmJl\1lfl!J~LL\Il~ L\1!J-NlnLn~!J'lJ!J~!J~LL\Il~91n91l:n!J~~l'll:

LW~1-l ~-J~n17'l~ilJ~1fl\llm\llLW~~~lnmL'vin17~\Il4~f1!J"LL\Il-Nln!J'Mm\ll~
(Tumlund, 1988)

911~tJnm,!J~LL\Il~\lnW!J!Jn~ntNm~fI1-l~~17::LWfh1.IL."tIJ 3]LrltJ~~!J~ .

(tW.J,Jlt\l;W~fll: 0.5 ~~ 3) ~\lnw!J!Jnflmrmml: (Czajka-Nanns, 1984: Turnlund, 1988,

1991; Wardlaw LLfll: Insel, 1996)
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~ 3 ~L~~M~lml'11hl~~fh,r\f1\om~~1l1~9i"}J" f1TItmlml1WnL~LOffi..~

(m~1M~V, 2532)

1l1~ tJi~lml'1iN~~~~ (~n /~)

3-5 ~~!l~ 0.5-0.7
..

0.7-1.06-11 ~~!l~

1-6;j . 1.0-2.0

7-9 ;j 2.0-2.5

10~ttJ 2.0-3.0

~f1~!l~L~flm ~~ 4itJ t91 !l~::L~l~mtlWl~!lV~l-n~ loJ~hj~tJ~!lnLO~ ~1 ~L~::ntlJ

m~W~~V1~l'1!l~LO~~il!J1.h::~nm 0.3 ~~lnn'il 2 ~~n~~9iil 100 n~~ ~~~'Mh.l

tJi~lmr\~ (Stamp, 1978; Czejka-Nerins, 1984; Smolin ~~~:: Grosvenor, 1994;

Turnlund, 1994) ~m~~~~hj LiM~~V1~l'1il~~~~~L~tJi~lM.1~n~"}J ~!l tJ~lm 0.1

~~ 0.3 ~~n~~9iil 100 niiJ fh1.4~1 ~~~::tn' ~th.l~LVlMl£jl'1il~~L~~L~tJi~lm~1wn'il 0.1
... ILl , ... ,t "G.f "

~~~m~91il 100 n'»J (Underwood, 1971; Turnlund, 1994) ~L~n'lMr'itn.R~lml'1il~~~~~

r\£jil~1~il~9l'l1~~~~::tJi~lml'1il~L~~~£j!l~L~~~ (Smolin ~L~:: Grosvenor, 1994)
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"~'"J'84mmMlll4lUN (Sandstead, 1982; Czejka-Nerins, 1984; Tumlund, 1988;

Wardlaw LL~:: Insel ,1996)

1. 'mi.r~nmrl'V".~'1.lJLW~-lWil L'lil.<

1.1. T~f1~n~T~LL~:M~"'ll\4

1.2. m~~illVlTIIJl\4'11~L~~illWl'i

13. m~'~'fuffi~1VI1~1"""~il\l1L~il~\Ii~1.lJSj'l1il"LL\l1"

1.4. T~f1L~il~~l"'1 L'lil.< 'ml~ LtJ~4i'~

2. nTI£iil~m~fJ~~3JN\l1t1n91

2.1. flTIL~illVlm'i~~rmnTIfJ~~3J MLLf) L~illVll~ '1~L9191 LL'S1l19J ~L~~911!j~

tJr.l'lI'it~ L'lil.< fl..ln~ ~911!j~ ol LL~::mtJr.l'lI'it\l1 L'lil.< m~~m~

2.2. l111::unwfu-m~nTIfJ~~3J~~'1 L'lil.< hf1~~~TI::tJ.J

2.3. hf1'11~~n~3J L'lil.< hf1L3J~Lf1~ LL~::hf1~~~

3. ml3J4i'il"m~il"LL~"L~3J~ L'lil.<

3.1. 'I1TITlf1~il~rlil~ri~~

32. \'I$Sjf1n:1'LL~:M$LUtJffl Sj"~~11f1')7~3J'I1il"LL~-Mll~ 2 !j~~n~

~il1~ L~ili1il"n~n1'Wl~'I1il"U~"L~~t\4o,~fln:1' ttn.L\'I$L~tJfflfl~3J'I1il"LL~-Mll~
2 ~" 4 Sj~~n73J~il~ L~ili1il"n~n1'Wl~'I1il"LL~"L·..lJl\43J (Nestor, 1988)

3.3. l111::L3J~'YltlilM3J~Lfi~t1n91 (hypermetabolism) L'lil.< 1111::'~'\'I~ 1J14f~

4. n~tlJL~tJ'I1il"LL~"L~3J~ L'lil.< l111::n-mn..mil"LL~"!l!ln3Jl L~ilflt:m~Lfi~t1n~

(hypercupremia) 4"il~Lfi~~nn".'~fiLfl91 L'lil.< L~n'nl1~Eh'~trmt"f1~~'~

LM4~~~lSj~Lih.lL'lfl1\4l\4
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l111l:n1'Wl'1l't'l£hlLL~l:'6.i'M.JL\4~~'tmlJtllVlTIfl'ruti1\4 L~tl~1nfr:n1!.Jjjfl11~9i'n~nTI

't'Itl"LL'1l"L\4tR~1~tl!.J ~~'I.41111l:nm1'1l't'ltl"LL'1l~ 't~iltl!.JL\4fl\4fl1'ttl LL9\tl1WdJL\4't'117n

I'll !.JL~'V'I1::'t'117n flfltl '1lritlwi~'1l LLfI::'t'I17n~'t~~~jjtR~1tl4't'1tl"LL'1l~'6.iL~!.J"'V'ItlntJ

fl"l1~9i'tl"nTI ~~jjl111::YJ'V'11n'lJ\41nTI LLl'l~th!.JYih1'fun17£l'1WffllWll'ltl'1lL~tl'1l~~UJjj

't'Itl"LL'1I"~'1I9\£lI;\4LWL1l'l1\41'1.4(Stamp, 1978; Sandstead, 1982; Czejka-Nenns, 1984;

Wardlaw LLl'll: Inse!, 1996)

15

. 't'I1'm~'t~'fuf11"tl1"'1'W11~"'l'ltl '11 Lfttl'1l~ 1jjn~I1JL~!.J't'Itl"LL'1l-l't'l-mll'lff11t~nn n11tJn~
~

D\4LWL",'lL~Ln'1l1111tnm1'1l't'ltl"LL'1l" (Tyrala LLl'ltfltl4::, 1982) ~.m\4~jjnTILm4tl L~jj

nTIL~3J't'Itl"LL'1l..lW1'1l 0.22 jjfl~n'!3Jiimr"",zn~1mt"n1l'lni~iitl1\4 L\4flTIillVlmlLm,1-l

"'l'ltl'1lLfttl'1l~l (Nestor, 1988)

-!inTIflm~1'M.J11m"Ll'l7~'t'Itl"LL'1l..lW1'11 80 ~1fl~'!3JiimrlVI1Xn~nll'ln'!3Jiitl'M

dloJt\'lh!.Jiltl"n\4nm1'1l't'ltl"LL'1l"'t~ (Castillo-Duran LLl'll:fltl4::, 1983; Uauy LLl'ltfltl4::,

1985)

II1trm1ll41m::mmfmlNUM (Stamp, 1978; Czajka-Narins, 1984; Turnlund, 1988;

Boosalis LLl'll:fltl4::,l986)

mnTILLl'l'1l"'.ltl"nm1 '1l't'ltl"LL'1l~"'M.JL\4't'I17njj~."f

1. 1~~1-l ~'6.i9ltltJm4tl"iim",fln (hypochromic anemia)

2. ~1m-flL~!.J (neutropenia) ~1fl~L~!.J (leukopenia)

3. n~f,lT1'fl1\4 (osteoporosis) mL~n~f,lmL9In~n'tMl!.J

4. fl113J!i'1l"'~\4!1tl""'l'ltl'1lL~tl '1lfl'1lf\-l LWL",'lL-m,fltl'1lL~tl'1lLL'1l"LL9In't~.n!.J

5. Ln'1lnm'1lLfeJM.n!.J L~tl~1n1Jjj~~1"flfl'1lf\-l

6. ~~tJ1flLflffi9ltl1ilfl (cholesterol) L\4Lfltl'1lL~3J~

7. 111'~.."m49\tlJ1911l'ln~1fll'l (glucose tolerance) eJ'1ltln~



.on-mlm~lTlI1~'l~iJ".,m\.oYliJ~UlI1~ 0.83 .ofl~n73J9IiJ'l1.uWL'lfll 15 inJlI1-M LLrlmm

a~fl"""~ wtrl-m:~tJTflLflaLfliJ'mflL~3J~'iJln 204 ~fliin73J91mll1~iiffl LW 234 ~fliin73J

91mll1~m 'v1Mln~\4~ 'l~iJ".,m1.otli3Jl{l4Y1iJ~LLlI1~ 2 ~fliin73J 1\4fll: 2 fl-i, LWL'lfll 39

1\4 wtrl-m:~tJTflLflaLfliJ'mflflll1~L'v1~iJ 198 .ofliin73J9Imll1~iiffl (Klevay , 1984)

nTIt\li~iJ~LLlI1~'l\4'1J\41111~~ ..m11 10 ~~ 15 ~~n73J91iJ1\4 ';l'l~Lfill1mm'mlL~~\4t\li

LLfl::'v11ntmiJ~LLlI1~ 'l\4'1J\41111~~3Jln'1 al3Jml';lM~lI1L~iJlI1~n';lfll~ (hemolysis) LLfll:

Lfl~~f1t\li ( Mason, 1979; Smolin LLfll: Grosvenor, 1994; Wardlaw LLfll: Insel, 1996)

nTI~n~1~mrimntJmTlLf)'l'1l:m"tli3Jlt115,m::flLLfl::YIiJ~LLlI1~ 'l\4iJ""l~~3J 'l~n\4 fliJ

nTI~iJmLwLtl~n (wet digestion) L~iJ~lnml3J7iJ\4~'l~~~lnu1mYl~tJntJml3J7!l\4~

'l~\4n~iJmLWLnl (ash digestion) 'iJln~\4~lm-'fl::fll~~M3J";lmTlLf)'l'1~WM3Jl{l4

tl.lnl:flLLfl::YI!l~LLlI1~ TlI1mfl~iJ~aL1Jn TmT~TfI.oLfliJf)lI1m~~lI1n~LL~TlI1 uiJl:f1iJ3J (Atomic

Absorption Spectrophoyometry, AAS.) 4~LWLYlf1\tfl~~3Jn\43Jln'l\4miiLf1'l'1~l

tli3Jlt\ll,dlr1fJLL~~lI1'l\4f1"n9i1iJ~~ L~!l~lna::lI1'ln TIlI1LTI LLfll:LuJ\4!il (Luj'\4 !l3J~

Ufl:: iJ3J-' LMml3J, 2535; Murphy LLfl::f1t1l::, 1975; Holden LLfll:f1t1l::, 1979; Freeland

Graves LLfll:f1t1l::, 1980; Lawler LLfl:: K1evay, 1984)
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LmmtJlftL~~*i'h.kl::nmMm~irMml1mrm:'l.M1~L~'I4£l1Vl1'mri~tb~ £llVlTI,ij

ml,l.Jmfi'tlJLLri~m~Lw!i''\.4,l.Jln L~£l~lnnTILoXln'1I\Uj-l1j'~~tJn"£l~LLri~m~LW"'~::

ofl~tJ'l'7LmLLfl~m;l£llm"J£l~ h~'~ :'l1,l.J~£l~n'l4nTILfi~llTI~ Lnwlm,.1'14'11tll....y!L4h-fu

n-mm;11'14LmmtJlfl

£llVlml1mn"':'l_n.M~L~'I4£llVll" mJ,uw £llVlml1.xL~~mTIlll.h::YJl'\.4 (oral feeding)

LLfl::£l~Wn~fll~ L\1'£llVlTI (tube feeding) (~ ft,l.J,l.J::l'j9l, 2537)

1, £llVll~.xL~~mTIi..nJ1tYIl'\.4 (oral feeding) LW£llVll,.ff1wltJ~tl'l~~fll,l.JmlL~~'l

nw. LLfl~l'\.4mMn'~ LLUl£l£lmw 2tmL11." ~iJ

1.1 £llVll"x'l'tJ;\1i'l'l4hrfWltllft (house diet) LW£llVlml1i'l'l4hJ'r'WltIlftftlwfu

~tl'l~~"w"£l~m"£llVlTIL\<'r'.n:: h~ ~~~ntJiJlm"LLfl::M"M'1I£l~~tl'l~ (~'l"1 ft,l.J3J::'l9l,

2537; Czejka-Nerins, 1984;) £llVlml11uLLUlLW 4 U'l"::L11.,,' (£l3J~ L~tjJ'iI~ LLfl::~tll::,

2535; ~'l"1 ft,l.J3J::l'j9l: 2536, 2537; Smolin LLfl:: Grosvenor, 1994; Eschleman, 1996) tiEl

1.1.1 £l"'JVl1'mn,l.J~,m£l£llVl1'l"t1n~ (regular diet, normal diet mEl general

diet) LiM£llVl1'l"fl3J ~fl'~ft~fh'14 ,ijflm~J11l::1n~Lfi~~ntJ£l1Vlm1~'I4Un~ '~l'\.4 LLfi

f1'l'l"-.l~£llVlml£l~~,l.Jln ,ij''1I~'\.4,l.Jln £llVlm~n~!N LLfl::£llVlml~£l~mn £llVlTIt1n~1.x

~t.I'l"".JJlm 2,000 fl~ 2,500 fili:mf1fl£l7f1£l1'l4

1.1.2 £l1Vll'm'l"'l"3J~1!.i£l~.fl~ (light diet) LW£llVl1'l"fl,l.J~flMft9lfl'l'\.4~,ijfln~

1nflLti~~ntJ£llVl1'l"1lm~lLWmLLfliJlWm'Jn£l!.i~"£l,m,1.x'ln ~ LLfl::!.i£l~.fl~ "w,ij£llVlTI~tJ

L'1l\4 N'nfl91 NflUj'fl91 ~m~::l'l::n£lfln nffi~fln LLfl::.loJ~~fln f1'l'l"~~£llVlmlLl'i'mn £llVlTI

~~'ln'llCt91 LLfl::£l~n~£l~ £l~,l.J9Il~£l~..n~L~l'\.4t.1'l"".JJlm 1,800 fl~ 2,000
, • ~ I

fiLflLLf1fl£l7f1£l1'l4 L'I4mn.lfi~~£llVl-m.!'l"::l.nmtLLYM~~n~"wfi£l~ft."L\1'~mmL~::L~£llVlTI
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1.1.3 1)'Mml1)~ (soft diet) LWI)'M11f1~~fi't~f(flm\Uj~m~tt'll::!iI)~ ~ LOmJ

!.ImJ"'!J ilL'!fi~ LfiflLLfi::Ldmrimfimo,lMl)~,zI)!J "fll)"M-nwrnfll)" I)~~n LLfi::I)~

il~fl'ln~fl 1)'M11~tl'ln~fl~NmLfi::l-lfi~ !Jm~::fi::nl)efn nffi!Jefn LLfl~::~h~n

mVl1'n.J7::L11Y1d37nL~LLn'~1h!J~LWhflYl""LIIi~I)'M11UJfI1~1'S't1~1\4I)"M Il~~~~fl"Mi1)

UJfI1~1'S't1L~ml)"MTIM 1)'M11!iI)~L~~'lim\~1h!J~n~Ll.1~!J~'inn I)'M11LVIM'tl.1~!)1...m

1m~fl1 Lfl!JI)~I)~L~t!"l".JJ1t\4 1 ,BOO ~" zo» IiLflLLflfll)~91I)'l\l

1.1.4 I)"MTILVlm (fluid diet) LVI~1::ffMi1J~m!J~4iI)"m71)"M17!.1I)!JJ1!J
. ~

~!JLfl!JUJ4iI)"L~m 1)"M11LVlmLLu"LiM

1.1.4.1 1)"M11LVlmLfl (clear liquid diet) aJ'nL~LLn'~tl'l!JVlft..l~';'fffl I)"MTILVlm

M~,zI)!JJnn~.JJ1t\41ufl:: 400 ~" 500 IiTfiLLflfil)~ ~..:Il.11::nl)lJ~'l!JJ1LLfi::

f1".1"lJ'tflLfl'NILW~ LVlqj ~f1'l1L~LLn'~tl'l!JL~1::!J::L'lfl1~'1

1.1.4.2. mVl11L",inW (full liquid diet) LWI)"MTILVlfl~il~n~'''mm11

1)"M17\",mLfl LYm::il nTIlJflNmLfi::Ldm9'9111-1f1JJfi..:IL~1)1VITI~'l!J 1)"M11L",inWLm-ffi""1\4

l.11::JJ1t\41\4fl:: 1,300 ~" 1,500 IiLfiLLf1fil)~

1.2 1)"M~L~~mrnll:t"MiI)I)"M"'L\:\~1::hfl (therapeutic diet) LWI)1VI1,yl

IIlflLLtlfi..:l..;nnl)'M111m~ fl1L~!JLWim1JJLL9In9lmnnl)"M~fl"x1) !J~effl L~I)L~~n".

ti"j'~hflun'~tl'l!J T~!JnTIIIl~LLl.1fi..:I L~LVlJJ1::f1JJnlJhfl~I),,~mmLfifl::hfl tJn91I)"911JJ~n

Tnw1n-mLfi::TnwU1U~ nTIIIl~ul.1fi..:l!)1~lIlflLLl.1fi..:I L~LL~I)..:Il.1~JJ1t\4~ft..l..:I1\4 nTIL~JJml)fi~

tRJJ1tll&iml"MTII)!.I,..,L~I)!.Imit" L'li\o I)1VITIL1.h4M~ (high protein diet) 1)"M1"L'!L~!JJJ

~1 (low sodium diet) LW~ n-m~~ml)fi~tRJJ1t\4mnl)"MTI L'li\o I)1VITImnL!J~ (high

fiber diet) I)"M-mWiI)~~UJ~~.:aJJ~1 (low residue diet) LW~ (I)JJ~ L~~!J

Ufi::f1tl4::, 2535;~ &lJJ~91, 2536, 2537; Czajka-Narins, 1984)

. 2. I)~L~!JL~I)'M11 (tube feeding) V1JJ1!J~" 1)~~nl:ttl4::lW~I)"

LVI~1'S't1N1\4·fll"1;I!JL~I)"M-m.m!J~I),,~th!JTfl!J'W~~;;~ Ufi::il'lMl1Yl1..:l£l'M11

~Lrl!J-MmLn'm1JJ4iI)"n-mJI),,~th!JLLfifi::f1~ 1)~~!JL~£lMnLLu"LW 3 ~~ ~I)

(~f(JJJJ~, 2537)



~ ~ ~

2.1 ~m.i1\UJloJmJ (milk base formula) ~~\41\UJLU'l:;IoJ~witl4mln\alLW

f'h1.4wniltlmi'iqj L~~u9iLL~~mffl!.l~L~LLri~th!.lL~n
, ~

22 ~millWl,wIoJt'l~ (blenderized formula) ~f1'li4tlT.:niltl~'l!.Iil1m~ 5 ",~

'Jil"i,,!.1 T~!.ILflilnil~LLfifl:;"'~~LVI~l::f1wli1uIoJt'l~Li1~'l!Jfi'~ il1Vl~~mffl!.l~'l~
.'!.I_._-l!'L.~ , ...... _'I ~." GT ,
~1I ltJ'YILwf;l L"'qj LWil"'flmfl!.lVl..JtW!1111'l:;~~f1ilLLfln ~fIt'l (lactose intolerance) LLfi

~th!.lil1'ilLfi~il1n-m1il"L~!.IL~il"'i.nnnWl!.lmil~::fl:mil M '\I11nLfi~iltW!lLwdnm~~nffi!.l

LLfl:;~::fl:;n il f'h1.4wniltlL~il1Vll~t'lfl,.ail1'ilLLfinfil"n~itJfll~ml~L"'~1:;t'l~ ml~t'l:;~'ln'l~•
nTILffl!.l~ LL~lflqj flil 4i'il"Sl~Mi"M1\lil1Vll'i~'itJti"ll..

2.3 ~mil1VlTIH1L~ (commercial formula) LWil1Vll~lL~LfI~!.I~ 'l~

~9i'tl~f1ffiVtn~~ ijm'i~.m:;LU!.l~LWil1Vll""'1\lm'iLLWfI~ ~f1~1Vll~'\I1fll!.1~~ fi~

WniltJt'lTIil1mmLLflnfi1\ln~f11~~'l1~9i'il"m'i'Jil,,~tb!.l L~il~lnLW~f1~lL~:;mn
~ ~.

'l....m~L.gLLfl:;fll~mlL~iln~~ Mil1Vll~~~lL~~t'll~l'it1'l~~"''''''1''t'l1!.1'l~il1Vll~ LLfl:;

~m.n.hn
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