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BHEHE W XA KRB E (hemeiron) Fok i A E (non-
heme iron) ° Heme iron ¥ &F AN &M £ & > M non-heme iron
X ERGAENE YRS o Heme iron #2 non-heme iron &9 % Jg & 4&
B R [F] 89 # %] 47 > non-heme iron TR G £ T H FRH A LR
WS ek & CHo— it E G B TIRERW - MBEERSS - 8L
BRIGERERTHSBBERI R - REBLEFRE AN
BRBHGHERS  ERHEEZRRANZE AR HE -3
Y BRETLIBMB - FLEGHNERMAE » ™4 T non-
heme iron R * B EFRETREABHRINARNE - £2EaR
ARRMTRICEBE  EHBBEFREATRE Y v BEABBERET
REBEAXHNEEEREFREEZE (RDNA) » 2aRERHKRTH
H ok B 7@ ¥#p %] non-heme iron B9 R MIE RARH B RK N > HEHF
RENBERBRETRERZALE AAAXL BN EIERANRE
FaEFRH (vegetarian) RIFERA (nonvegetarian) Z B & F 4k
BRALBEABGERRIT 35 mFRAE (F 1545 % 204)
B32fudkkRA (F 1340 & 1941) $2EFMA - HARA
FERR 12 ROBREHE BURERDRAELEHTPE - H P o
A ACAE 834 3R] B £ 3E 89 fo 4 % (hemoglobin )~ #2.4% E ( plasma
iron) ~ 4% & (ferritin ) ~ 48484 4-%E /7 (total iron binding capacity ) ~
R G4 B (transferrin saturation) - ARERBTFTERE AR
BAREM ~ Z BT ~BET AT A B BEEBERMAGHR -
MABHE - 445 Bl- AR CREHNERI @ RAFEEZRE




A ERABNAE - #AFRALIEEIREARBHEH/RE 25
BB AERLENEBHEREN SN EHE2T5%E 12% K RERE - |
frERx AN oM (32 ug/dl) RN F & (anemia) YRR 5 1
BERAEIMFEFRLANBESGRE NN 0ng/mL; SERA
1A gk F Rk A W AREE A A ) AR 410 pg/dL 5 M 3 B R B 4 ~
OMFRA I MIFF R AN ERE G4F E 7 40 ng/dL ; 4
E2EOMEFRAIMIIFFRLARE 2 H U L4 2 512 MAk P
AR BAREFREARHOEBERE > RLEBERNHALLH
AETHEBNZLER FHEE (oo KRBT — i H B RIKE
FRALEH) MAMRE > BHARHEFRLBTFRT -

MotsR - R Sk RBE - FRF CFERE Ao
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Heme and non-heme iron are two types of iron in food. Heme iron
exists mainly in animal products; while non-heme iron is in the plant
foods. The absorption of heme and non-heme iron proceeds different
mechanism pathway. The absorption of non-heme iron can be enhanced
or inhibited by several factors. Vitamin C and animal protein can increase
iron absorption; however, phytates, calcium phosphate, grains or
polyphenols containing in tea and coffee have negative effects. Several
studies indicated the vegetarians obtained most of their iron from
vegetables, fruits, grains cereals, legumes and nuts, which supplied
exclusively non-heme iron. These non-heme sources have lower
bioavailability than heme iron in animal products which are an important
iron source of nonvegetarians. Thus, the vegetarians may be at greater
risk of iron deficiency. Food is not routinely fortified with iron in Taiwan,
and the population of Chinese Buddhist vegetarians are continuately
rising. Although Taiwanese vegetarians had an iron intake closer to or
higher than the Taiwan RDNA, showed impaired iron status. The
bioavailability of iron is probably the major determinant of the iron
adequacy of a vegetarian diet.Therefore, particular attention must be
given to vegetarians on their recommended iron intake. The purpose of
this study was to investigate the nutrient intakes and examine the iron
status of young vegetarian adults compared to nonvegetarians. Thirty-five

vegetarians ( 15 males, 20 females ) and 32 nonvegetarians ( 13 males, 19
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females ) were participated in this study. Each subject completed a 12-d
diet record. Hemoglobin, plasma iron, ferritin, total iron binding capacity,
and transferrin saturation were measured. Vegetarians had lower dietary
fat, protein, fiber, vitamin A, iron, cholesterol and sodium intakes than
nonvegetarians. No significant differences were found in carbohydrate,
thiamin, vitamin C, and calcium intakes between the 2 major groups.
Although vegetarians had lower iron intake than nonvegetarians, their
iron intakes was 275 % and 142 % above the RDNA for vegetarian males
and females ( p <0.05 ), respectively. One vegetarian female was in an
anemia stage with a plasma iron level of 32 pug/dL; 2 female subjects ( 1
vegetarian, 1 nonvegetarian ) had anemic ferritin levels ( < 10 ng/mL ); 5
vegetarian females and 1 nonvegetarian female subject had anemic total
iron binding capacity levels > 410 pug/dL; and 3 vegetarian males, 6
vegetarian females and 1 nonvegetarian female showed anemia with
transferrin saturation < 15 %. Six vegetarian females and 1 nonvegetarian
female were anemic because they had two or more abnormal biochemical
indices of iron status. Although vegetarian subjects had sufficient iron
intake, the bioavailability of iron seemed limited to maintaining iron

balance, especially in women.

Key words : heme iron ~ non-heme iron - vegetarian - nonvegetarian -

anemia.
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#HE W %4 (vegan ; restricted vegetarian) ~ &4

(lactovegetarian) ~ & 4% %4 (lacto-ovo-vegetarian) ~ EE& A
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REREBER  ARAARENE (0T £AE) » BNE
NERBZEUEMERMERAES > XERMARA  RLREH
fo RARARE S B AR A5 FRIE - RBE
LREERHRELNHER (19) -

DEERHEZRMEBRRRRRL RS 3t B b8 H 4R
Bz SRR FEEBRBEE T HERIGERERZT » Hlin
o5 A FBO A FBI-ER - UAFD RLAREKR(LS)
MAFHEBLZAAIRANELBBATER LXZHENERHAEZ
— (20) -




£ SN

1 &ay A%
-1 A ARSI

R FESS8S ) RFA 20 MK LELFREEHAE - 8K
% A —{&4K (Fe') v ={E4 (F’) HAHE (4) - BEARA
YEHWMELE  TRALENERE BERFARNAEEIARY
% 3-5 % 0 EF 60-70 %uy s F iz & (hemoglobin) ~ BlérE &
(myoglobin ) ~ 4= §, &, % ( cytochrome ) & ¥ sb /b # & % (4o ! catalase ~
tryptophan oxygenase ) ¥ - i& $£454% 2 oy e 48 (functional iron) -
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AL A 0 b AE A B R (HCL) ¥+ o A A% Bk s 488k
F (Fe) » BRZERBGEAFC - -SHEABZBR R —EHBET
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BT R =B (Feo) » BHEMMME S (apoferritin) &
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BR—IB AR BN - AMAELEF  —BHRILLHEIRZIE £
CO, 2 TH—#B-5%& & (apotransferrin) &5 R#EHE G

(transferrin) -+ # 3| F ey @K a3k > LR LG (protoporphyrin)
kg (heme) » BHHREFOLE SRz E: (B—) -
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BN EEE R RBGER A RHRE > BRI AR T EET &
TERBUTZESEAMHER 1 NGB EEENE - 2. Hal
Mesiis o 3. whRBRBERET (A=) ~SRKEEHGRE
BERCHER I GEBEERARG LOEXB AT RS A BKRME
BEANEEA > U8EYG (ferritin) AKX ¥ s 24 BE4E
AT 2 b P (serosal) R @ @ KA E#ME G (transferrin)
oz oy EHIHGUERAA (Pl ANATEEEH
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(B) . BEBRMHE &

1 BHRHRR - HBAFE !

BETFHEEBAWNE  — AKX E4H (hemeiron) » F—
ARG (non-heme iron) - a X FHBEEHF A b FR
ML ET WwHERSHEE 2 - a X THERREBE 5-10%
B8 HRI > BRI EH15-35% (24) » FRARRARWBHERIE

(b pHEH) XHE - KRR THHERF R ATHEAHWAFL
(>85%) » ERM T LKA EHB &S UF Fh a2Fe’
BRbBEAFCEZRENR  MABRRF 4 iRl - Bk
o R EFBOREL IR AT RO ERIL £ 2-20% (24) - &
B2 S AT BARETERRAZBE o T B - B
B RAMEB MR (21) 244 £ C Al e EEh AT H
Rk (27) o it wREM T ABRERS  AIRUFLERF -
ERAFREa R EENEL R THEI RN R ZH BRI E
(4,24,25) - =M= > SWITH > I~ &~ T8~ &K&Hk% -
BR - 2HRE - BHEURZHABE O RIFRR (2829) -
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FH— L FoHRHRM AR 100g RY TS RSN R A EK
55 (2829) -

A
Iron Iron
Foods - (mgper 100 g) ( mg/serving )

Meats
Beef, mince 3.1 2.5-5
Sirloin, reast 1.6 1.5-3
Sausage, pork, grilled 1.5 1.8
Lamb chop, grilled 1.9 1.9
Chicken, light meat 0.5 0.7
Chicken, dark meat 1.0 1.4
Liver, calves 8.0 7.3
Fish
Cod, baked 0.4 0.5
Fish fingers, fried 0.7 0.6
Mackerel, smoked 1.2 1.8
Sardines 2.9 2.9
Tuna 1.0 0.5
Cockles 26 6.5
Mussels, boiled 7.7 3.1
Eggs
Whole 1.9 1.0
Yolk only 6.1
Cereals
Bread, white 1.6 1.0
Bread, whole meal 2.7 1.9
Rice, boiled 0.2 0.3
Pasta, boiled 0.5 1.1
Corn flakes 6.7 2.7
All-Bran 12 6
Porridge 0.5 1.0
Vegetables
Baked beans 1.4 1.9
Peas, frozen and boiled 1.6 1.0
Potatoes, boiled 04 0.7
Chips 0.9 1.6
Spinach, boiled 1.6 1.4
Other foods
Bananas 0.3 0.3
Chocolate, plain 2.4 1.2
Curry powder 58 1.7
Liquorice 8.1
Milk 0.06 0.06
Human milk 0.05
Peanuts 2.5 1.0
Wine, red 0.9 1.1
Wine, white 0.5 0.6
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2. HALE R & ¢

B 87T ¥ Biik& 4% 8 % (iron-binding protein) # 1R % =&
BEERMBEURAIRK - ZRBERAHRE - HRBL MY
- FBHBRZRFURFHEN ¢ FHEHRULTEAE (3031) -
FFENEE - ERE RS R R B EE 43 e pH
18T R ARAR G RN © EE R e N R ER R v RlAg S e RIL
Eerd (32) -

(C) . AHBREHE £

1. SR E £

5B BT R B B o AR A RO B K 0 4848 E KR
B o o BHEEER S00 AR BRUFERS-10% MEMFTE
A& 100 & 5,05 > QIR ¥ E 15-20% (33) -

2. sk A Rk % (erythropoiesisrate) %%

EHERGEA RO RERELE > bR A R 0 B Mo
BEBU (34) ° B REBEFHARE R AZRLOKE
REASEAR  HEELLE e iR R MR EHHBH R (32,
35) o — by 5 do b P G B o (thalassemia ) ~ & dopk B Ao (hemolytic
anemia) ~ f2 & E 2% (hemochromatosis) fo L ¥ A48 £
(ferrochelatase) #: % % 78 €38 sk e By (36,37) o
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(D) . B ZHRERBASHEREN

THGA AR LB RSB RER IS EAAT  REE=
A ERY M0 T FARI0ZR  BRAA T-10 5
(38) - £B4if2#%E (Recommended Dietary Allowance ; RDA)
(39) TERABERRBRE -REFRERELEAERSE > 24
WEARZBEBRERENS ;1973 £52 1976 £ 58 AHRB 12
B30 1983 £ 1989 F2 4% > A4 A A 139 B E169F X
CRBERE - SFE (198) TERELEERAELRGBRE AR
BRAGBHASERET £ 3-ISRFBRRBENEBERERE
HHEBISER - THEREFZZREZ B3INUALFHBE TG
2317% 4WBEE334%  REHLEREATIEERARE
RAHRERFER - £ 1950 REEE FHZBREHGNER 10
ERAL 0 BB A SEMAE > ZTBERBRESD 10 E1 A
FMRAARTR  RFREZLIHAEABIEBEREEN 6 BHLHFEE
BERG MESEREX M B8R F THRIME > RATAEE
HREEERETZ 933 %ULER > LBANAH 12 %6848 % - TR
REBHERELF AT XERESEEE  REABALEREZRXAK
BAREA ARG FRATIEBERBREFAL  AFLE o
HHEmT BASTERAAFARBRANINEZE - BEARRYFAE
REMBRFEBEE - FHRZIT > URKRTHFIER OGS RULE
FAGBEBE - WA 4 BU LS EEE L SR 13 RN
FEBETHEINUE  WiTHARKELHBEERABRLER Y
BA (40) - B4 HNEFRRB 2 ERFEXIIANEELE > B
WAL EF—FIEERFOEBERKN -
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(E) . sz 2 P¥ !

EEMERTBAEAFTEL > Bz A @ %4&1‘1&?%@%?

&4 =l #E 3£ 4# a-glycerophosphate oxidase & M &1 » 1¢ & BR B AL % M
3 e FLEL 04 & A& 0 £ 4T E By hE /) B4 (41,42) - Tyrosine hydroxylase
A tryptophan hydroxylase 4 A B R EME > o TR B
(catecholamine) -~ serotonin - dopamine & norepinephrine % A7 54 &
MBER > NERAEHBYAL  TRETHHZINEATHEN
BIBEWME S REGERE (43) © B4 R-FH88F € i A dopamine
& serotonin #J#: % 2B 4 4L (receptor binding site) #7 » E &84T A

B (44,45) -

ARSI B ETLERREEHNEE (Wb BHBEH -~ h
HEREER) BEEHEERTR > METELERK (44) -
PR L RBH IR TN LT THARERR  BHITR &8
TR~ RBELERAEGHGC (46) - EERBK=ZMBARFSHEL
BARNETANABARBAKMTAREFTAREEZNE R E
SLEFRER S R R BEFT AR BEE S (6,4748) - BHE&
ZERERNBEATRBEAREEFT2EE (49) -

(F) . &8 2RI

HEARENBEORRERBRARTBEITEEF F R
£ EEBHNERRATrAREALER R A G GRA -
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1. BRRHERTLL

Marr Fv Heady (50) 35 # 2 12-14 R 894k R340 R IR — 4584 3
REER HRNRRXBBREVBRERE —EETHIELESR -
Kelasy 8 A (17) £ R 14 RERLEHBEBRELF LI ELEFAR
HZEBRE AEAARRLNBETHEREEFERE A A

i RBARZEH/RRE (51,52) -

2. f R AACEIRAE

FESE AR W AEFE R &R R A X H) E S E AR

£ W FEAT (33) ¢
Stage I

Normal Early
negative iron
balance

iron stores
circulating
iron
reythron

ron

Re marrow Fe ~ 2-3+ 1+
Transferrin IBC 33030 300-360
(pg/100mL)

Plasma ferritin - 10060 <25
(pg/mL)

Iron absorption (%) 5-10 10-15
Plasmairon  115%50 <120
{(ug/100mL)

Transferrin 35415 30
saturation (%)

Sideroblasts (%) 40-60 40-60
RBC

protoporphyrin 30 30
Erythrocytes normal normal

Stage 11

Iron
depletion

0-1+
360

20

10-15
115

30
40-60
30

normal

16

Stage 111 Stage IV

Damaged Clinical

metabolism: damage:
Iron deficient Iron

erythropoiesis  deficiency

0 0
390 410
10 <10
10-20 10-20
<60 <40
<15 <15
<10 <10
100 200
normal microcytic/

hypochromic




EBERERERCEF C hicFRE (hemoglobin) ~ &
FHE GIRE (serum ferritin) ~ k4K G R E (transferrin) Fo
fE SR E (serum iron) - s iF 48454 4 F (total iron binding
capacity ; TIBC) -~ s iF RkeaFuéfi 44 € (unsaturated iron binding
capacity ; UIBC) #3848 & #1450 (transferrin saturation) -

HRERAD  aFBREORERRS AR ERR Y — B AL
$42 (53) o Helman #v Darnton-Hill (53) HEHB 5% EHER
FH0 2T Nt AR FRE L L FETEEREEFRFAK LT 10%
BxHEREZ o REEGREEZ I 10ng/mL - Kf > EHMR
Bl A F R GRE AR R LGB B R - Cook HA (54)
RES  ER-—EFEFHEERECHRRRIFCEBHREEE T
AEoZBATE A ELBRTRTERBLERR U LogE s
EAECB R HGERFRFZOMY - Bk (54-56) 23
FlofiE A % 44K NI542 0 Blio © iE R G ~ BBREL T - k8
Fodf it A8 ~ 8RR G4 B (transferrin saturation) R 4%
(hemoglobin) % » LA IE—BE—HEEBEH LA TLEHLE
AR, o

17




¥=F mEHHK

HHMRERAERAE  2AYTERIBABRRUA A 0
EEE (57) - AR EREZRBRRIGHEAZHBR > RLfF
BHEERRAEFZRER KRB SHEMPRRE - BAK
Fho#F X VAo ey4e 4 £ C 742 i non-heme iron %k (58,59) -
e EERpraaimE bl B~ 88 (60) EFakae (57)
%48 > Rl 5 T4 non-heme iron 4R - BEFEFKEA (61) #h57
RBE > FTEAHRBEFRSIUFTEZORBARIPERE » FIEK
EA(O2) AR TN EERERRTEZEAERARARNE
SRS REFRTHEFHAESHREEHE  KAPHZIESE
AER » BIRIRBENES - AR R BEAHRANERY
FHEARBICEBE - b FREZHRRAVBAEAAREIRZT ¢
PELBABORE ~ RILAFIA -
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¥wE HEEH

LERIERSUAERFEBRNERIAZFLERTHEE
3 ELZANTSBXIARFRARL - FIARRRNE AR
. ALRLEBEEBERAFEFRAAZERETRRER
2. A EH B NBEBRERERTRPULBERIAT -
3. AR EBREEERRIEFRAARNGESHRI
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2RFT MBHEFE

AHERUER EIo ) EARIEE AL S SRR
%o S ALE R RER AR M AR AR HIR - B R
BHERNL BEAHAEHECLPLEERETES e AR E®R

N
i
[

®f FREEATE ]

1. BEHERAEL  FERBAS F9A ~12AK -

2. MR ERAGT FTERBREF1A ~2A4 -

3. MMAHAE TERE 8 £2A -

4. F—Ribd : FERB 86 F3 A4 W—EHAATMH TR °

5. BREEsk TERBBOSF3 A ~4 8 -

6. F-_Rihh  PERBEB F4 A4 W—EHRTH TR °

T BRERHEERFRDOW At - TERRABF4 A ~87 43
B o

20




SRR RHEBEFRELAREFREZRULEE THARERE

ERNBREREOTABEMR > RERREFLANT
B SMlERHENG A -BEABEER  ATLEZRIOA
(4B6%) ~FTRHEZLEIABESL) #HEALIILA (3
B84&) “FERESAUFELIL) BREXEETETHETIA
(1B33%) »£A38A 28EZRHEHKN AP LERR 23
AIBLR2%) FREZZ2R1IA 3F58%) » £B34 A -

w

HEHBA BEEAREGL AL H AR EBEA R EY
mﬁ’ﬁmgéﬁ%%ﬁ%°%ﬁ£$ﬁ%%ﬁé9%%&§ﬁ%
FEREE (M&E—) - 2% 2AFEAET—HEARLTHA
BARMAE (M=) > 5% BEFMUAEH - AT 254
KOS QERRAHEE R OEARERLEAREIE « 5
g BAF BB RN > UMEE R AL -

P
&

BARENZRE LR ST ETRZHERELT !
1 F# A+ e
2. AF AR RABETE AT EITEMSG
3. AA S FFRBAREFRER  TAEBAR BE -BE > 94
- AEBERAEY AR BRAEAREARBER
4 RBZFRBEE (Bl ORBIE) REZ0EY (Hlio - H)
A - f8tsE - wRE) FTREBESRNEARSGHY -

5. 5 REHN T RARERAEBA AT LHARAEACE
21 ‘
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AFSZ LA EBYEFR] o
6. A iR A AL FHEEF o
7. BENTE—FRNELRLBEAT R E -
8. kM FEREE -

BN LGEEME AEXZRF - HAA2RE s Ama
REBEFRFIM -FERFH - FRXM - FERLE - AFIRE
BYAE3IRERE (1F2%) m2fkdes (15 14%) BEA
HEEL > BILRBAABRAFRAISA(FH IS5 A &4 20
AN) " FEERENRA(BHE BA LHII9AN) - 2REHH
PR RN R — -

fwmii HKREEH

1. &gtk

A R B F T RAR— 18 12 R Rinék - SRR
HH R B3 RegeRkE (3-ddietrecord) » T a4 2 EIEEB B
(Bldw : B8— ~ 2) > A—1BBE (Blko#@x-~8) > &FE
ATABEEEER > Bt S 12 RegsREsk o

22




12 R WBRRDHZ BRI > RBRBE T ERBTEREE
ZHRE 83 EBETRAHRD AN ERTE  BEB/RPAEEUF
ERBATHRBEAZNRE 2 £HANEBREEAHFERBRE
ARE - X ZpWBBARE B -BE -BY-ESYE - EEE-
BB S %4 £ B1,B2LACE - Hikfh 45 ... K%

FRth SBREEAREEITH

1. fRIRE

R FARAEERSINFA LA THE SR AR 15cc UEEH
4% (Becton Dickinson, Rutherford, NJ fr A& # #% » P @44 @
Bty it | EDTA % Heparin) WM& 214 > LR BRAR F o
et ¥ONEEZ N 0 BR05SmL & A fis E MM 0 EARRR
B d s (4°C, 3000 rpm, 10 min.) ~ 2% s 8 Wik & BE#-80°C
B ARG > BB AR AL

2. R AALE ST

iR AL ERERIAE B hicF - 8K HEK G - BERE

L BEZFGENEE bk BN EASESERFN AT ER

# :X %] (& Germany Human Company Fr & 2 biochemicai diagnostic

kit) 24 B # 45# % (ACRO; Biotecnica Instruments, Italy ) #4754 #7 °

BEaLAMNAR EEERX#H (INCSTAR Corporation-StillWater,
23



Minnesota, U.S.A.) B4 % 7% & 44 7% (radioimmunoassay method ) 8] & °
DT ER T BT
(1) . f24c% (Hemoglobin) R & :

(A) . F % ' Hemoblobin cyanide method -

(B) . RE A ABRREALALEZETZH % i
B EBRBEHE B bbb E BRIk
RO FEELAEALCLARLERTS
( cyanmethemoglobin) 2% hemoglobin cyanide
BAH A 540 nm R BRUABERAE &
BBEHRERRE - |

(C) . ##| : potassium hexacyanoferrate (III) - 0.5 mmol/l
potassium cyanide — 0.6 mmol/l
sodium bicarbonate — 1.0 mmol/l

(D) . #& 3‘; : Automatic Analyzer (ARCO; Biotecnica

Instruments, Italy ) -

(E) . 88 ¢ a #3E 2 500 ml AR -
b. B 5 ul &4 fo Iml working reagent o
c. A 540 nm BB E4E o
d s FiREM (gd) = (FAERBRE -

ZAERKE) x294 (BRERF)

(2) . @448 (Plasmairon) :
(A) . # % : CAB method
(B) . BRI ' % =14 % chromazurol B (CAB) -

cetyltrimethylammouiumbromide (CTMA )
24

C e et e -



(3).

# & complex » f£% & 623 nm A & AR &
BHR -
(C) . A : CAB-0.135 mmol/l
CTMA —2.2 mmol/l
guandidiniumchloride - > 3.0 mol/l
sodium acetate buffer (pH4.7) - 45 mmol/l
iron standard — 100 ul/dl
(D) . %% Automatic Analyzer (ARCO; Biotecnica
Instruments, Italy) -
(E) . B ' a. B 50 ul Aw E reagent 1000 pl °
b. LUk & 623 nm B|R HAE o
c. fsEREMA (Wdl) = (FARERLEE -
ZTERAM) x830 (#REBTF)

4485 4 4& (Total iron binding capacity )

(A) . #7% : Modified Ramsay method

(B). RE RABEH_BERETALEFHRBECL S
1# BB Fe o LA f b4 (aluminium oxide) &
WBERESNE  BULEE s T ERE

(C) . ##| . iron solution (iron III chloride) - 0.09 mmol/l

aluminium oxide
(D) . 4 % ' Automatic Analyzer ( ARCO; Biotecnica
Instruments, Italy ) -
(E) . %8 : a. 3% 0.25 ml sz iron solution 0.5 ml /&4

4 .
25




(4) .

b. 3-5 4 4E4% /mw N 0.175-0.2 g Z aluminium
oxide R g +nsEtk » B E=04 -

c. B — 4% > 5000 rpm ¢ B E B LUK K 623
nm AR HAE -

D s s 68 (WdD=(Fmlatd - =
a%HE) x830 (#ERF) x3

#%& 8 (Ferritin)
(A) . 7% ' Radioimmunoassay method
(B) . B3 : #| B precipitating antiserum reagent #¢ %k & &3
FHHEE B T & 2R B OB L HUB M 3T
B2 &KX o #sample YIRS HEE S &R
BEPISEanFBEORBLEZESL
fir 0 ML A MR EHESB B LN ER
FRHAMEBEEEARLZHG -
(C) . #X#| : Clinical Assays™ GammaDab Ferritin '*I RIA Kit
(INCSTAR Corporation, Stillwater, Minnesota,
U.S.A.) , Catalog No./REF.: CA-1590.
--- [®1] ferritin tracer Cat. No. CA-2671
- rabbit anti-ferritin serum Cat. No. CA-2137
--- ferritin precipitating antiserum reagent Cat.
No. CA-2713 |
--- ferritin controls, level I & II Cat. No. CA-
2417,2418

--- ferritin blank Cat. No. CA-2235
26




--- ferritin standards Cat. No. CA-2234, 2236,
2240
(D) . 4% : A Canberra Company % 1% 2 COBRA II AUTO
GAMMA PACKARD COUNTER -
(E) . 8 'a MARBZHERIE RN -
bR 44T 8k L2 & » A total counts
[T1,T2] - ferritin blank -~ ferritin standard 5,
20,50, 200, 500 ng/mL -~ ferritin control ~
sample
c. REMARE .
--- 25 pl ferritin blank & standard
--- 25 ul ferritin control, level II
--- 25 pl plasma sample
d. # 100 plred ['*I] ferritin tracer (CA-2671)
MNFTRRE -
e. FuA 100 pl blue rabbit anti-ferritin serum
(CA-2137) A X% (¥ total counts
r) -
f ARBRAS ©
LI 3T°C KB 30 54 -

aQ

h. Az 500 pl precipitating antiserum reagent
(CA-2713) Z % ® 4% (% total counts
) e

L ARREA o

j. A 37°C KI5 448 o

27




k. B prE % (F total counts 4 ) 0 4 2-
12 °C > 15 448 > 1000 xg °

L BB AE LFR -

m. & gamma counter 3 & o

n. 4 fA semi-logarithmic graph paper & ferritin
standard {4 & HRBE 4k > FIF sample
EHBIPTFEREMA -

(5) . #4&k a4fuE (Transferrin saturation) :
Transferrin Saturation (% ) = Serum iron / TIBC x 100 %

BRE SKioé

Gk #1448 i SigmaStat statistical software ( version 1.0; Jandel
Scientific, San Rafael, CA) 7Tk KRR &R 248 &% EFHIRE A LA R
ey £ E M b &4 A unpaired Student's t teste L4 Pearson correlation
coefficients 3P4 SR R AEFA IR0y T 2R IUAR ML - PP R 3t &R
AR p EINRFEMN0.05 (p<0.05) HFHRA - XFFARAZ
BAE L A AR & £ (means * standard deviation [SD] ) &

TR o

28




EXNE &R

(=) . &RFz2H5H:

FREHFEFREIRESHFHRIINEE ] - kB HEF#8FH
Ao BREFRFOFRFFFASLEEBELE Ll FAAL
FEREFRR - FHFEFREHBEN S B Y FHH (body mass
index ; BMI) 38 BHERFREEG kB EREMIEEZREZR
BER UIBLZEIRRUABEINARMEA TR FHRARN
B ERRAZLER - BHEALHENERE  RAEFRFM T K
BA4FEF3SEREZ X - EEERBET FS5aEERE (13
44) ~44ERE (1 B3%) » HRRA vitamin B-complex - vitamin
C~vitaminE R&RE % £ FR LB EIE -

(=) . BRAEBMEIARRA :

S EREAEE 12 R&giesrtt (REE2) o 3R L
MIEFRFLIRFREFLAETHRRABSTHSZ M IR ERE
BEFEEHMAEZRRULAEFABLEEFLE - FREBT A% T
Lo RERMEY - ZAE  BEE B4 AT A BiHz
BREABFEEREZABEYMRT  MEESE - LA 5Bl %4 ECH
GRIEHBRAR - B BAEFB2HERUFIEFRERIFEFAE
&> mAKRE A ZFERBREFT T AR EFRERFFRAR
B ZURBMENZRBEAFAGBEAERT L RFLERTH

bo o BEERET @ EREMLIEERE S (FMH 1 72%vs. 61% &
29




M T70%vs. 60%) c MERENEGE I E EREALEER
FHRTHS (B8 —— BH15%vs.24% 5 Lt - 19%vs. 26 %
BEEY - B 16%vs.20% 5 & 16%vs. 19% ) o

EMHEFRAFEFRHEN U E BRI ETHIS A B 2286 & 2377
kcal » % tu345& % RDNA FR2 3% 2200 keal & - Kkt EFR M
JE % &% R 8 RDNA fra2 2 1800 kcal 1% » 4% & 1494 & 1774
keal e 23X REEZEH ~#®4AF Bl B2 pE - 4 £ A~
C E#MZBREL S RDNA - THERBELEFLLREERE
ZPEBATHAN (BHRERFE 167%; BHRIFEERETS% &
MERFE IS % L HEFRE 63%) L5 BS5HREMEN RDNA
P& 4 600 mg o

(). oly#:

FREAAFFRFBERRAZAILEHERIINEZKS -
FRREFEILUEFRERIFFLE  EhteFRlARSNREL
BREZEANMGE MAELEBZORETE > FERFNFINRA
THERFAERERL - A BHEREGEBLELSER AR
EREBEFRES NN  ELhERFHIEERFNEREE
- ENEBBECHNESG RN IHMEEELENEA
MR AR s RBREH FREHRBAZRA -
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R B8 Herbert (30) #H AR EFPAEBERR AL O BERE R T
(1) . a4-F4 (negative iron balance)
TIBC : 300 — 360 pg/dL
Ferritin : <25 pg/mL
Iron : <120 pg/dL
Transferritin saturation : 30 %
(2) . ##% (irondepletion) :
TIBC : 360 pg/dL
Ferritin : <20 pg/mL
Iron : <115 pg/dL
Transferritin saturation : 30 %
(3) . sz M3k & mg (iron deficient erythropoiesis )
TIBC : 390 pg/dL
Ferritin © 10 pg/mL
Iron : <60 pg/dL
Transferritin saturation : <15 %
(4) . 84 %M & & (iron deficiency anemia)
TIBC : 410 pg/dL
Ferritin : < 10 pg/mL
Iron : <40 pg/dL
Transferritin saturation : <15 %
EFET B RT AAREFRELEFREETH A 9.9
F011.4 g/dL &2 4 » Rib 2R A E K ELBE N (E¥EALBEMR 213
g/dL; &t 1 212g/dL) -B—Z2BwARTEIREALHERAIE

FREZLhREBNEBEORE  EBESEARBTaBMETA
31




ByHHZER A BRERE SR 2k nI R
Ak b R E AR 60 pg/dL - EE R H iron deficient
erythropoiesis stage * RF | LA MER X R o BHMEEME B 32
ng/dL > f&MEH1E 40 pg/dL > R AR L& - F 21 2 (1
RBRERE - IMBEMFEERE UL BEREM S i
Eh%) £ a8 %&k G E AN iron deficient erythropoiesis stage
(10-20ng/mL) ; A 2wk h %R E (1 wiEhx 1 kiErE)
HARZHEGRE (<10ng/ml) - MmF 6 it RE (5%
EE I ERF)RNEBHEINE L BLBELELSEMHE AN 410
ug/dL » BT E LB L2HRE GRBEHRERE 6L ERAE 1
&IEERF) AELRA  BEBEZGRMERN 15% - &
Y 0 SRR A 2 A RALE 3 AU LR A LiIE R BB R
EF o ARACHEABBEEZIER o o RIBFL—FH4 > BROMMLH
FREMIMLUFEFREFHBRLIUET AR -

(m) . KRB RORECEZ AR

HES 4Bl B E RS AR AR ERE ARAH/R (H
E-ZEE HAEFCH - -FShEEY) A8KRUALE (2%
BoBES BB ENESRESRNE) XML aBEEEMME -
K EEMEREIE 42 ECHRELLEBOEBRT M
FERARMEY  REEERLEBRTARBRENY £%EEAR
EHBTERIGABAGETORREA S RBE b
EREHMEY mefERRAEEEGRERFLABELM
MER - BHFEREZHAERRAN Ao EHECRELZRAAY
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B  ARENEOLUEREAHEFTAMNEZIM RAFFMHIE
EREZAMHMER -
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2%l FRFAFFREFEZIMML

TABLE 1
Descriptive Characteristics of Vegetarian (V) and Nonvegetarian (NV)
Subjects

Male Female
Characteristics Vv NV \'% NV
(n=15) (n=13) (n=20) (n=19)
Age(y) 23.6+4.9 22.7+2.0 25.5+6.1% 21.7+1.1°
Height (cm) 171 +£4.9 173 +£5.3 158 +4.7 158 + 4.1
Weight (kg) 62.7+5.1° 71.8 + 8.4* 50.6+6.3 509+7.1
BMI (kg/m?) 21.5+2.3° 23.9+2.3% 203+2.6 204 +2.9

* Values are mean + SD

* Values with different superscript letters are significantly different within
dietary groups; p < 0.05
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A2 ERFHFERLFERISHEH/RE:

TABLE 2

Daily nutrient intakes in vegetarian (V) and nonvegetarian (NV) subjects

Male Female

Nutrients \Y% NV \% NV

(n=15). (n=13) (n=20) (n=19)
Energy (kcal) 2285.7+ 6932 2377.1+5784 14942 +404.6> 1774.1 £381.1*
Iron (mg) 27.5 £20.7°" 457 +£21.7 21.3 +£19.5> 34.5+19.1*"
Carbohydrate(z) 381.7+108.5  3642+966 2577634  2656+67.5
(% total energy) 719+ 6.8%" 61.1 +4.1>" 69.5 + 4.7>" 59.5 £ 4.9%"
Lipid (g) 37.1+165°"  63.1£159%"  324£159%™ 503 £10.64"
(% total energy) 15.4 +4.5%" 24.1 +3.8*" 18.7 £ 4.1>" 25.8 + 4.4
Protein (g) 85.7+37.8>" 120.1 £37.1*" 61.6 +21.9>™ 85.5 £ 26.9*™
(% total energy)  15.8 £3.8>™ 20.0 £2.3%" 16.4 +3.3" 19.1 £2.9%
Cholesterol(mg) 129 + 124% 345 + 141.7%™ 104.6 £ 105%™ 277.6+67.2%"
Dietary fiber (g) 9.4+ 10.2> 17.9£10.8%" 7.5+5.6> 13.4 + 8.3*"
Thiamin (mg) 12+ 1.1 15409 1114 12+0.8
Riboflavin (mg)  1.1+0.9% 2.1+1.0¢ 1.0£1.0 16409
Niacin (mg) 18.5+£19.2 30.2+14.8 12.1 £ 14.5% 25.7+£22.8%°
Vitamin C (mg) 102.6 £ 68.1 164.1 £90.6 123.5 £86.7 158.1 £126.7
Vitamin A (ILU.) 6520 +£4970> 13700 + 8640*° 5760 + 4120%° 9850 + 7220"
Vitamin E (mg) 40.6 £17.0 39.7+27.0 36.4+17.5%™ 22.7+£7.2%™
Calcium (mg) 626.5+315.5 823.4£242.6 562.0 £315.2 608.1 £278.8
Sodium (g) 3.4+3.1%" 18.3 +12.4%" 49+ 57" 16.6 £5.5%"

*Values are mean * SD; values with different superscript letters are

significantly

different within dietary groups

p<0.05; " p<0.001;p

<0.01
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4% 3. FRAEBIEFRAE VBT RRAUEIFAR

TABLE 3 .
Biochemical indices of iron status in vegetarian (V) and nonvegetarian

(NV) subjects

Male Female
Index v NV v NV
(n=15) (n=13) (n=20) (n=19)
Hemoglobin (g/dL) 18.0+1.8" 17213 143+1.8 150+1.9

Plasma iron (ug/dL) 92.6+40.7  105.6+23.3 80.0 +32.1 96.6 +28.2
Plasma ferritin(ng/mL) 462 +18.1°  69.9 +£22.6° 17.9 +10.3° 40.0 £20.9*
TIBC™ (ug/dL) 363.0+46.3* 3103+52.5°  372.8+£523  340.2 £54.5
TS™ (%) 26.9 +14.5 35.0+9.6 224+10.6° 29.5+10.4°

* Values are mean *+ SD

*Values with different superscript letters are significantly different within
dietary groups; p <0.05

"TIBC: Total iron binding capacity; *TS: Transferrin saturation
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%4 FREHEFFRLFXEARGBHBRLBRISRAZ

FEBIME -

TABLE 4

Significant Pearson correlation coefficients (r) between dietary intake and
iron status parameters in individual and pooled vegetarian and

nonvegetarian groups

Vegetarian Nonvegetarian
Male Female Pooled Male Female Pooled
(n=15) (n=20) (n=35) (n=13) (n=19) (n=32)

Energy vs. plasma ferritin
Energy vs. TIBC™
Energy vs. TS™

Protein vs. TS™"

Vitamin C vs. plasma iron
Vitamin C vs. TIBC™
Vitamin C vs. TS™

Iron vs. plasma iron

Iron vs. TS™

Fiber vs. plasma iron
Fiber vs. TS™

NS NS 0.51* -0.78 NS NS
NS NS NS 0.61 NS NS
NS NS NS -0.64 NS NS
NS NS NS -0.56 NS NS
-0.54 NS -0.42 NS - NS NS
NS NS 0.10 NS NS NS
-0.52 NS -0.38 NS NS NS
NS NS -0.38 NS NS NS
NS NS -0.38 NS NS NS
NS NS -0.35 NS NS NS
NS NS -0.35 NS NS NS

* NS; not significant
*p<0.05

" TIBC: Total iron binding capacity; *"TS: Transferrin saturation
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Bl1.8M%R#%H(vegetarian male; VM ), B £ A &
( nonvegetarian male; NVM ), %4 % & = ( vegetarian female; VF ),

-1 JE & B ( nonvegetarian female; NVF )é‘J AR E R A
S ZAET

14
12

10

(o)

Number of distribution (n)

<40 40-60 60-115 >115

Plasma iron (ug/dL)
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2.5 ER#F(vegetarian male; VM ), B k&£ A &
( nonvegetarian male; NVM ), %14 % & ( vegetarian female; VF ),
M JE % &% ( nonvegetarian female; NVF )#) ko 48 B &R £ &2
ANB G Z B

14 r

12

o
<

Number of distribution (n)

<10 10-20 20-30 30-40 >40

Plasma ferritin (ng/mL)
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B3.85 % EAR#F(vegetarian male; VM ), E M Ik £ 4 %
( nonvegetarian male; NVM ), 41 % R 2 ( vegetarian female; VF ),
%1 JE & & ( nonvegetarian female; NVF )& fo 48 4048 45 A 5 i
BEEANE S HZIEH:

12 ¢

10 1

Number of distribution (n)

>410 390410 360390 <30

Total iron binding capacity (ug/dL)

40




4.5 M % & H( vegetarian male; VM ), B M I & A &
( nonvegetarian male; NVM ), 4 14 % & % ( vegetarian female; VF ),
M Ik % & 3 ( nonvegetarian female; NVF )4 fu 5§ 3845 % & 4o f0

BEBRABSHEZIEL:

Number of distribution (n)
N

<15 1520 20-30 >30

Transferrin saturation (%)

41




HRERAEERE LS A EHRRA BN HR T £ 3
AREFACERLBETE MM - L PR KRBT~ R E
% U3 ROKRREHKHIXARTHER - EAFRPHA 12 Rah4k
RREHETARFIEERFTRR  RATHRABRFIHEETHEN - £
MELRTY > BRINEFRZVEBREAVBERNELTLEL 3l
Alexander £ A (16) £ 12 ROKRLHTAREESER 3 Rty
BRRHT XA RER (17,51,63,64) ZRBABRAGEH - EHRLR
LHEHFREEBBREILARE (65) ~&EGY (66) KT ZEA
Mo EAMRERTFRABEIFEZ R Ao BFEFRELER
o BAZFRFETARINA-FEE4  MAMBERYRDWEER
B REBBAMEHMRE S  HAGREZHEAME > REREINE
FRE BLEZGAFEIARRES ® A L3 HBRHRRKRL -
AIE-—BEEREEI AR T A LB —BIREFREEN &
RBRERRE  HRAMBBERR BESUFA RANTAITH Bk
AIFARBLEBIL  AMALENPEERREABREKT - EAEERE
HEARRETENHRAR LM EAL BB - - B%E
HAEEGE BEARBEZBEREZABRSINEFRLE - A F2HK
HERBLIEERER  EAFHELHERLBUBREN SN £
¥ RDNA > 93] % 275 %Hv 142% > MR R AFEFREFHHERE
# 2 1k 1986-1988 41 1992-1997 2 BT B M A Z FE B R 2 £
sMEELR (68,69) FFE—HATHERZHRT 169 mg &
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NEREFTRRE SBREZ-—ERXABRREALORALEALANERNR
B AIERBESBEEIEE D ARYGYESREBAHZ 10% 0 &
K AR — 4L B M & B # iron deficient erythropoiesis 2, anemia stage °
AR OMERER I MFFRAIHERNBHREIMET GRE b
BRBTHABEBRALEZLABREIRERNGELRZ G ARYE - &
B AMEFERAFARNBERE  BEEZSZN LR RDNA - 217 F
— S ABTHASHKZORL ) SRR ER > TRREAGHAL
Bh Ak ERS IR  RFELHEEA ALER 2RFKENDN 20-
30mL 2] (68) » ERAEGHEAFABRMERE D P H 0.8mg
¥iwE 1.36 mg: f 90" Fo 95" B L RI4R S A 2.34 mg & 2.84 mg(69)-
~ﬁm%ﬁ$’ﬁ#?k&ﬁm%%Aéﬁﬁﬁﬁk%mmgz%gﬁ
RARE LEFEFTERERGBEAREL (70) - AFREAH LM
SHRERNEARORRRE  FAUAMMNABERZEERELREE
BHARER -

BRBAFAERBTREA (18) 98 R B ABANAFETRHFA
RARFABARTHRATAHMEIERT - TAZRBBO PR
AFHABRARBEETHEAOBE - 28 2RE - S48HhF
R BB LATSBRRBRATHERIR (WRBEFEREES
BEZGHMERS) A BAAEE - Bt BRERF HEBAR
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