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The Amerlcan Institute of Nutrition published the AIN-76 purlfled diets for labo-
ratory rodents in 1977. - As the diet was used over the years and some. problems were
discovered, the AIN-93 diets were formulated as substitutes. Some major differences in
the formulation of AIN-93G compared with AIN-76 are the reduction of the amount
of phosphorous from 5 g/kg diet to 3 g/kg diet, replacement of CaHPO, with CaCOj3
and KH,PO,, and increased Ca:P molar ratio from 0.75 to 1.3. Since calcium salts
and Ca:P molar ratio may affect iron absorption, our objective was to compare the
iron bioavailability of AIN-76 and AIN-93G diets using a rat hemoglobin repletion
bioassay. Weanling male Wistar rats were first rendered anemic and fed AIN-76 diets
or AIN-93G diets supplemented with 6, 12, 18 ppm iron supplied as ferrous sulfate for
14 days. The major effect of diet types on repleted hemoglobin concentrations and
the gain of hemoglobin iron was not significant (P > 0.1) based on two-way ANOVA.
Significant linear dose-response correlation was obtained between hemoglobin gains
and added iron concentrations, and between hemoglobin iron gains and intake of added
iron by regression analysis at P = 0.0001. Calculated from the regression coefficient
of the latter, the relative biological value of iron for AIN-93G diets was 94.5. It is
concluded that iron bicavailability -of AIN-93G is similar to that of AIN-76. '
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BEEHBVTEREE S8 - BESLBHE(LEFHWHICE B2 FE
o B ERR NN EEHKEHEEREFEENEE - BTHRRA
FROEKTEE BT HERERHECHMNMEELE  REEHEAR
¥ A EELE - AN » £BSEZSE (American Institute of Nutrition) 7 1977
FEETE T WSS B Y AL ER] (purified diet) B2 75 AIN-760 > S 15 1980 4E 1]
DIEET @ » DMHRAENA - S ENFEHAREZEH AIN-76 fit 5 1 — & [
RE o ThH0 1989 SEFIMAHERERTEE O > 21993 SR HATEC A AIN-9345) » 553
AIN-93G 82 AIN-93M Wi » N @A R ~ BEMEILY - B sdmmr K E <
¥ - B AIN-76 LL#& » AIN-93G EERBIEL K 0 L F BB TR : WAk{LEW
RIELEKRBBFE » SRR 7R M EEE - AR R IR 3 = i b
EHAE MAERE - KFMB-12 BEEMN MMEWYEEME W & &
W I ENAERE WP ARE B BIEBENEE - ARG B
HERRRBEH AIN-76 £ 1 67 3% W & 5| 2 Mk BB 3§85 1t (nephrocalcinosis) £ §5
HEFR > IR RETEREILGIEE] © o SHED S AIN-76 L& > AIN-93G U85 & M+
FEATER AR BUESEAREAT S ARBEE I AT  EAEHERL
B4 0.75 A EE 1.3 5 AIN-76 DUBEEL S 85 E B S5 MBS RY 2R IR » AIN-93G Bl & A ik
BESEVER S5 IR - DIBERE — S SMEBBEIR 45D o

NS EERHEBY EREEEFEL A HGR LA 28Rk - ABES
FHHE  BREESS G o BEERSS A ERES O 55 I SRk R B AL A i 00 ERG HIH)
A ERE BRI R R - B ER A HE » A SRR e &R 4 i
ARMALE AR EZ WA FFBOEE W 5 EXREABBNKBRIE SR K
FRCEH S M S T e (12 A i oK B SEOR P R IR o TR B 85 I SR L AR R 85 B
TREESH S 98 (1D - RYBEHEHSEEL &Y &8P 2 (bicavailability) ) FF i 18 &
FIEBYEE W > Fit o #% AIN-93G BB HE KA S > EREAPEESEWE
i METREMENRENEE c AWM ARBMAREAEE W - b
5 AIN-76 B AIN-93G ¥ 8F AU B L -

MEREE

K BUIAL 35 75 4 15 (rat hemoglobin repletion bioassay) J% 57 8% Bh ¥ ik g2 iy 2 7%
FE FHYBNRENETEMEAN > MAKRERE 6 g/dL LT » REEA
MALRFEALY » WEBY S EEAUTREFRNER > SHFGE » DU E EH
MRBEBEENBEMBENARENIEIE - EREIESTEHMEN AIN-76 #H
AIN93G » HFEE A5 p gk — o FEE AR AIN-76 AR - M FEFEYWABDT
AIN-76 B BBl A Co, C6, Cl2, C18, C35 FH T fH » T2 LA AIN-76 7% 67 B s I B
BT R B m e I E S BIZ 0 ppm, 6 ppm, 12 ppm, 18 ppm, 35 ppm
CoMREFERI B > CHREFHSHEHELTEE - BAW AT AN AIN-93G BEE
G6, GlI2, GI8 =#H » Ty LA AIN-93G ZEHEE R ¥R ok e ih S EC &L T 5% > WR N &
5> BI& 6 ppm, 12 ppm, 18 ppm - HRATHBELNBEEEFTHE AT U
T FHE R E A ek 1750 mg B 0 i AIN-93G BEY) B Bt 5 T BEES — S8R
HEFAESEAT 157 W EERHMVHAERES 1027 « SHEE R R 255
g L E & » R DB (MLS-1200 MEGA, Milestone) 1 1k £ - #% 58 & %
B UETRAEERGEE DU OEEER D .
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Table 1 Components of AIN-76 and AIN-93G purified diets for rodents

AIN-76! (g/kg) AIN-93G? (g/kg)
Casein 200.000 Casein 200.000
Cornstarch 650.000 Cornstarch 629.486
Soybean oil 50.000 Soybean oil 70.000
Fiber 50.000 Fiber 50.000
Mineral mix AIN76, Fe free3  35.000 Mineral mix AIN93G, Fe freeS  35.000
Vitamin mixture AIN764 10.000 Vitamin mix AIN93GS 10.000
L-cystine 3.000
DL-methionine 3.000 Choline bitartrate 2.500
Choline' bitartrate 2.000 BHT 0.014
Total 1000.000 Total 1000.000

L AIN 1977(D

2 Reeve et al. 1993®

3 Iron-free mineral mix AIN-76 contains the following components in g per kg
mixture: calcium phosphate, dibasic, dihydrate, 624; tri-potassium citrate, monochy-
drate, 220; NaCl, 74; K,SO4, 52; MgO, 24; zinc carbonate, 1.6; manganous carbon-
ate, 3.5; cupric carbonate, 0.3; KIOgz, 0.01; sodium selenite, 0.01; chronium potassium
sulfate, 12 hydrate, 0.55.

4 Vitamin mix AIN 76 contains the following components in g per kg mixture:
thiamin.HCl, 0.6; riboflavin, 0.6; pyridoxine. HCI, 0.7; nicotinic acid, 3.0; D-calcium
pantothenate, 1.6; folic acid, 0.2; D-biotin, 0.02; cyanocobalamin, 0.001; retinyl palmi-
tate, 400,000 IU; (all-rac- c-tocopheryl acetate, 5000 [U; cholecalciferol, 100,000 IU;
menadione, 0.005; powdered sucrose, 980.

S Iron-free mineral mix AIN-93G contains the following components in g per kg

mixture: calcium carbonate, 357; potassium phosphate, monobasic, 157; tri-potassium

citrate, monohydrate, 102; NaCl, 74; K,S04, 46; MgO, 24; zinc carbonate, 1.65;

manganous carbonate, 0.63; cupric carbonate, 0.3; KIOs;, 0.01; sodium selenite,

0.01025; chromium potassium sulfate, 12 hydrate, 0.275; ammonium paramolybdate, 4

hydrate, 0.00795; sodium meta-silicate, 9 hydrate, 1.45; lithium chloride, 0.0174; boric

acid, 0.0815; sodium fluoride, 0.0635; nickel carbonate, 0.0318; ammonium vanadate,

0.0066; powdered sucrose, 235.

Vitamin mix AIN 93G contains the following components in g per kg mixture:

thiamin. HCIl, 0.6; riboflavin, 0.6; pyridoxine. HCl, 0.7; nicotinic acid, 3.0; D-calcium

pantothenate, 1.6; folic acid, 0.2; D-biotin, 0.02; cyanocobalamin, 0.0025; retinyl

palmitate, 400,000 IU; (all-rac-a-tocopheryl acetate, 7500 IU; cholecalciferol, 100,000

1U; K-1, 0.075; powdered sucrose, 974.655.
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ERBYEEAEKEEBREMRERAEREY F.O 0 BB Wistar X
FRAEETE S 6 A% UEREERE 2D X MARMBEIEEE g/dlL U
T RBEKRBESME BT COMEB 24 HBRESHESHAANE HHZF
MREREHEENEZR  SEERER > EAMMAREEH - BEHMAH
RS B EAREE Y UBEERIMERE M AHIMARE R - MALFRE
& ¥R M cyano-methemoglobin % » LA Drabkin’s A M £ €4 08 » ] & ¥ & 540 nm B K
KiE - LI, 36.8 MBMALRIRE °

KB M AR LA A SRS 0 0.067 mL ffiEt > MIAL SR Y & 38 1 0.335% 31
BoRAMARBEATUHEMARBELER D BEHROARREZNG
MALRB L& > ALK S ENZRNE ARG INE 5 #H B REE (iron_effi-
ciency) FRMALE I MEBLHBERNBEENE S - \EERHEH ML ERBENZE
LB [N T % 5 € (generalized linear model) # » F§ LA Duncan’s multiple range
test Z2#47 5 AIN-76 B AIN-93G i /5 ] 09 2= £ /5 2 ¥t C6, C12, C18, G6, GI2, GI8 ¥
7S R S 1T S R 748 5 43 A (ANOVA) DAEE £ 7 8] BT 5 B2 6 ) 85008 1 3 3UME < 7
25 o fdel SR R B I AT S b B YRR AR DAL B A 8 0 AR9R AOAC /1K 14 »
H o R & CO B C35 A 3 Ui o8 35 B = B I K0 3% 850 b B 1 BE AR R LA TE R B
BEAE HPEECOMMAECHH REHEGLE EHEEREPTEESR
RFFERZ B T & R PERBRAFRTFELE (BRI Z 2 LA Student’s t test € o F) A B ER
{RE > LLAIN-76 Z B 100 » FHE SAHE £ (RBV, relative biological value) ©
KIEMET Mg iR SAS F2K (SAS 6.11, Cary, CN) DAEREHAT -

wm R

 MAFEBEEHSPABRNEERRYIPR - - HEHBGE  ABRNFYEE
BB AR  SHZHBFHEE=ZR -BJHEYM ABWEE BELNE &
FHE AR B DA R BRR] a2t DL CO FHEHE B i > SR HZ B RY - 88 E A
Mo BT Cozdb o HAnSAHSE CIHAEE - BERIMNEHHE » LA Co H G6 BHE K
BC35 o H&HERCH A - BRERHE > A B CIBHECHHE » Hihg
S EEDRCB o FRMAMELE BT C6 HEEP CH 24 HM&A
PELC3s RAER - SR TE A H/MERERSEE T REHEELSNE - BR
B EEFRF RN SRR M K MEURMEE 6 ppm BEFERH
iSRS R RTARBEERER  TEABARCZEE  WHEHEXEE RN
TEE AR - A EREHBEEMBEHAANANAREFTEENZE > B2U
AIN-93G B ¥ & ® AIN-76 ©
HAEPARWnAREMTRBOUBELIINERS - BEPRB R Z MR
i~ MALFEE L BREMITRBGMEY LU CORIE  UCH HE » HMZHEAE
PBEMMZE - 3 B R SR SRR A S e DR R o B 5 4 A R EE R AT
£ MAKESCREMT R INE TR EIEE T S22 (P =0.0001) °
T EEHAD 77 89 B FERREEZE (P> 0.1 ) o #5590 A RS E 6
AR B ZEIEE 5 E A E R IR R F AR FEM 2 > i AR R B KK L MR
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B & PL AIN-93G =2 AIN-76 » =TESBIRE ZHBEETR 808 %3 2L AIN-76
FAE SR AIN-93G » it H LA 18 ppm BEE SR WM EEBRENHER 5 TEE S
CERERPCISEERRG » HMMpTEER  KRERHER 5 - B
BEBSWHRIIPRN - FEERNEEKFRETS > 55580 KT 5 A K
FFREE 5 EE] AIN-76 3 AIN-93G E 3% U # & 35 ppm Ff > S5 EBNER L E
200 o

SE B 43 BT RO S SR B — BT R 0 JEER A2 AIN-76 B2 AIN-93G B 5 ¢ AT 3% #%
EinEHENERNE A EHERMR (B—A )  HEIRER? 7 51 &2 AIN-
76 55 0.967 » AIN-93G £ 0.981 ; & BF (R ¥ 5 5l =& AIN-76 £5 0.982 > AIN-93G £
0.928 » FEMEET LB BER (t <togsm, ) > RFEEFREETE AIN-93G & #H
BAEYER 4.5 o MALFE S b B HEEVR RIS E % < M B A BN %
(B—B ) » RZ{iE4 B2 AIN-76 £ 0.936 » AIN-93G £ 0.961 ; B (R &5 5 2
AIN-76 £ 0.424 » AIN-93G £ 0.377 » B X ZRBEZE 5 KILBIRMH AIN-93G &
BAHE EYER 889 o

(= haERANALXRML RBEFAKR!

Table 2 Growth and feed consumption of rats during the hemoglobin-repletion periodt

Group n Body weight Weight Feed Feed
(g/rat) gain intake efficiency
beginning end (g/rat) (g/rat) (g/g feed)
Co 5 193419 230%19¢ 374114 1904 22¢ 0.1940.06¢
Cé 6 195427 263331b 68 1 9¢ 2524 13¢d 0.2740.04b
Ci12 6 190413 2824-122b 92+ 72b 267 A 9bed 0.3540.032
C18 6 198+17 291 2320 934112b 284 +222b 0.3340.022
C35 6 201£21 301+212 101212 3094372 0.334:0.042
G6 6 197426 276 1 302b 80410bc 2494224 0.3240.032
Gl2 6 200423 2984132 984112 267 £ 160d 0.374+0.052
Gl18 6 194416 2894 252b 95+112 278+ 220bc 0.3440.022

P-value from Two-way ANOVA of C6, Cl2, Ci8, G6, G12 and GI8

Feed formula 0.254 0.0492 0.6231 0.0137
Dietary Fe concentration  0.066 0.0001 0.0008 0.0005
Interaction 0.603 0.4997 0.9280 0.4122

1 Values in each column are mean * SD, and values in each column not sharing the
same superscript letters are significantly different by Duncan’s multiple range test
at P < 0.05
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Table 3 Hemoglobin concentrations and gains of hemoglobin iron in rats during the
hemoglobin-repletion period!

Group n Hemoglobin (g/dl) Hemoglobin  Fe intake Fe
Fe gain efficiency?
end! gain (mg/rat) (mg/rat) (%)
Co ) 4.9+1.0¢ -0.740.4f 0.12£0.285  0.4940.06¢ 221 54¢
C6 6 6.1+0.5d 1.340.3¢ 1.540.2d 1.9640.10d 75+ 132b
C12 6 8.240.9¢ 3.5+0.84. 3.240.4¢ 4.1740.15¢ 764 92b
C18 6 11.040.7> 6.44-0.5b 5.140.6° 5.7140.43P 90492
C35 6 15.140.92 10.3£0.5a 8.010.62 11.841.42 69 162b
G6 6 5.740.7de 1.240.3¢ 1.640.3d 2.4640.214 6370
Gl2 6 8.10.7¢ 3.440.54 3.3%0.3¢ 4.3540.26¢ 76 520
G18 6 10.340.6° 5.740.4¢ 4.740.5b 5.9840.46° 784-4ab

P-value from Two-way ANOVA of C6, Cl2, C18, G6, Gl2 énd Gl18

Feed formula 0.1072 0.1726 0.6892 0.0034 0.0109

Dietary Fe 0.0001 0.0001 0.0001 0.0001 0.0006
concentration
Interaction 0.6523 0.2634 0.2025 0.4349 0.1547

1 Values in each column are mean & SD, and values in each column not sharing the
same superscript letters are significantly different by Duncan’s multiple range test
at P <0.05

2 Fe efficiency = hemoglobin Fe gain + Fe intake X 100%

(0 b EFHENESATREANFSHEELEMITER
Table 4 Measured contents of calcium, phosphorous and iron of diets used for
hemoglobin repletion

Diet Ca P Fe Ca:P Ca : Fe
(g/kg) (g/kg) (mg/kg) (mol : mol) (mol : mol)
Co 4.6£1.0 5.440.3 2.61+0.1 0.67 2470
C6 4.940.2 5.4%0.2 7.8%0.6 0.70 870
Cl2 4.911.0 5.3%0.6 15.640.5 0.71 440
C18 5.040.4 5.710.6 20.140.1 0.68 350
C35 4.840.2 5.2%0.2 38.040.5 0.72 180
G6 4.940.3 3.0%1.0 9.940.3 1.27 690
Gl12 4.940.1 2.84+0.2 16.340.3 1.34 420

G18 4.940.2 3.040.3 21.510.5 25 320
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Figure 1

Hemoglobin gain (g/dL)

Aot F B4 B K BRI AIN-76 X, AIN-93G £ 4 09 @ &F 0 A7 45 3

‘Hemoglobin iron gain (mg/rat)

BEER A e B B RS 05 AIN-93G Z 88 A= gl a] F 2

(A)

® AIN-76

O AIN-93G

| AIN-76 : Y = 0.982X + 0.050
r2 = 0.967, p<0.001

[ AIN-93G : Y = 0.928X+0.173
- r2 = 0.981, p<0.001

Intake of added iron (mg)

(B)
® AIN-76
. — o
O AIN-93
AIN-76 : Y = 0.424X-1.407
i r? = 0.936, p<0.001
| AIN-93G : Y = 0.368X-1.067
r? = 0.9611, p<0.001
0 6 12 18

Added iron concentration (ug/g)

. 245

(A) fr b 4380 HiRmEIRIE » B) hird R LB HARR
fro Z B8R E
Regression analysis of (A) hemoglobin iron gain versus intake of added iron,
and (B) hemoglobin gain versus concentration of added iron, in rats fed on
AIN-76 or AIN-93G diets, respectively, during the hemoglobin repletion period
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FEHIC 5 AIN-C EEREYEEBRRNFERBEREHMORSE  RE
DTS5 ATERERS 3 AT » FAEAIIEEE 40% o FURBHIY R IE — B B B re B
W% B S ST B BEBE S 85 % - REARYRRZCIE I » K 2 B R B & H I B W i 83 0 )
o EEBE S B 0.04% B 0.8% 2 > AR EEEE AN 08 o iRk
B2 > BEEEEE v DU A S B8 E - 78 pH R SR M A 15
BT ST g (R ES R B R A EEN DI 9 o ABERER—
5 op B S 1Y 6 B B R B AR S S M EE A S A R R 0 (R BHERE RS S5 kR
75 1 L g A o 7 ) BA R A SR SE 20 SETESRUE T RE S/ NB iR B IE R R
FIPRRE M SEHEBE S YES R o AIN-03G WBEE B » B EIR B ER
B AR S SR THBAER > A& BRI AR EHENIRE » B AIN-76 i
FHBE S BMAKE  BR1EEEEHE B TFKEE -

Mo tiis B & A B E SN F ARG ER LA 045 (HERE
HIb0.36 ) Bt E - S50 L6036 5 0 80F) F 2R AIlBE & FR K AV 5 e AR By
A B R 0.4% B 0.65% - B AIN-76 B¢ AIN-93G MHIT » 3 B A2 Bh 2k B 45 2 /98
B o AIN-93G SR EE HLES 1.3 > FTENRERRNEMNSEREmMIEN & &I
W BRI R AN R 2 R R OB SR ] o AIN-93G 1SR B k2R
A6 R S5 1 L OB TS 8 SRR SS B E N AR R E R T o T ZH % R S5 B
B4 8 B () B o B IR AR B ER B Anderson SR RIS BN B S KEE
(11) o

B o B L\ B B BR R TS 85 L A 05 S8 0B o) SRR - FA K REVESB A
T e N A S8 A /NS BRI AT A > SRR IR RS o O Y IR AR R
Q0 o HEMLIERIETEEER  EEANG SIE > B EE IS 8 &0 E
FIEE 7 0.5% 5% 5 §E81 0.75% F) 1.25% #RIN &K B E 0 F B as2d » Wigd
BEGRLEMABNESE FE—FSHERBEBRNSEEEFEC - HEFH
KEBEAE=ERIEHBAISE » 68 20 ppm B #IE B R 2 DUMER: IF 5 1Y I 5% 8
BE > LARBNGHEE TREZEE » THBEFHERET] 0.3% i A &8 E 8
HIF) @O o SEEREZ HEEMANEE ) RTHEBNIERSHEZH » B
TREESEZE SR AL 0.25% $50F > B DUINH B oA B SR sz » BR UGB
SHE AR 0.75% F A HDEIRLHE (19 o BESR AIN-93G 3£ IR BEES - (HEFE S
BIVBIEE  WHBEIEEEZHBEETREREEMFIIER « RAMATE b5
MR F RN EH R 2L & ABI (R E A - AIN-76 &% 80 89 8
TR AR R ERRIERE "0, o SEE SRR CI8H 5 B K
BT IR W SR FCEERIE B T K WIREEC 5 & OF AT o SR B Ak 2R S R
EEMMEZZE » D18 ppm MABEHZE S 12 ppm £ 6 ppm HH 5 E LR KM ¢ Al
FREFESESR  HHIBEEER > SEEHILRE  WaENE T 55 58k K+
-

H AR 42 ) 43 7 Uk (bioassay) ME 5% B B8 1Y I FE A5 v B 9 PR B T L A TR I
(prediction) #J I A » #R #% INACG (International Nutritional Anemia Consultative
Group) IRk & @ » FESIL AWM AR ZH MG L 0 ACAC RER IR EE MR &
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EHERE - MR BRI ERR S e R R AT RE B H AR o A RS E EIR A AL Mk
F R (red blood cell incorporation) » LA S14: 85 5] {37 5 8 M B 76 AL i Bk 09 R A 5%
B BERRETERMGEGEEZD 5mg > MMENHSEFHNESK @ 1]
RPN SR B LL R 30 » HRTEFARME AL 2 E R/ » RILEYE A LUE %
A VER IR MEARABHRKAEWELME o AOAC K MLAL 3 4 AT
HAVERHEC 7 R Rk R S5 - T EL S5 BEBEAY & B R 2 0.8% 1Y » kb AIN-76 BY AIN-
93G # 15 » WRER AHIP BB GRA  EARTASBNSHE R NSERST
FAZERE » nJRET SR - EEEHINUFEL o

BATEBRS TR © AOAC Y IMAL 3 5 42 R IR AR W — RE PR A 2 I KL 5% U8 iy 2
b B B EDRIR DA SR BT > Miller@® 35 58 M TETRE 1% 5 % 8 K B 805 i &
RENMBNMENZR  FIEEREHEEBNENRR S —  BEHRMKEE
BRI ZEMAT R BRI ¥R 8055 I 2 52 AT 3% #5349 hn & R =] LU 4
HAR » MACEHERRYE o AE &5 5IF) B R ESE T E B 2 53R W AC
75 ¥ 72 AR DN S5 43 B R B I T 3R 85 b0 S MR FE AR A AR B (R U S o AR FE AR AT
WER RBY HIS A Z R » IRIFEREERE 2R GRE 5 AIN-93G ) #E HH
HAEYER US> MEERRBECHMEEER » R AIN-T6 8 EHBENE
55 °

T

AT SR A SR 1 A B B E I AR 5T B4R 5% DOHSB7-TD-1119 B E /) -
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