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i E:BH AEKBAEIREFERLENAR, B LABLERAEIHBAMT LT EAREET R
L(IDA) , R RSB E S AREFRIENER LS A A EFRA(NA) , R ALEEH, A I0AMA, 0
%2 IDA 4/ NA 2R A B Ay & & (Hb) (e iF 5 & & (SF) (B4 & 8 %k (sTIR) (e 7 2 (SI) . R RAE A F
(VO,,, ) 24 h s R B Fili#, 85R X%J5,IDA 218 Hb SF . SIsTIR 9 2 & &, 5K B w480k £} A 43t
BEX(P<0.01),NA M LA BAF KRBT BN EF LG FEL, RBB DA M AATREA TN RERLELT
(VO,,./FFM) (& X @t & 0 i (WT,, ) Atk B 48 F (NetHRL) (A 4075 30 8 10 (AAT) 4k R B 69 46 8 05 42 (EE) #9 3%
defiils NA L2 53 A%t & L (P <0.01),38mm{d 5 % 4 (9.74 £2.88 ) ml/(kg-min) (3. 11 £0.88) min,
(8.55+5.11) beats/min,(5.28 £2.04) min (386 + 108 YkJ/d &5 BRI BIFE AL TAHREKEFER
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Effectiveness of iron fortified soy sauce on the physical ability of students
Wang Lijuan, Li Wenxian, Sun Jing, Huo Junsheng, Huang Jian, Wang Jie, Wei Yanli
( National Institute for Nutrition and Food Safety, China CDC, Beijing 100050, China)

Abstract: Objective To observe the effect of iron fortified soy sauce on improving the physical ability of students.
Methods Boy students suffering from iron deficiency anemia and eating in a school canteen were selected as IDA group
and fed with iron fortified soy sauce for 10 months. Other boy students without anemia and not eating in school were
regarded as NA group and having common soy sauce. Hb, SF, sTfR, SI, maximum oxygen consumption, 24 h heart rate
monitoring and energy consumption of normal students (NA) and anemic students (IDA) were measured before and after
the trial. Results Hb, SF, sTfR and SI of IDA subjects were improved significantly after the intervention with iron
fortified soy sauce (P <0.01). There was no change of these indexes in NA subjects before and after the trial. In addition,
/FFM, WT, , NetHRL, AAT and EE in IDA subjects was (9.74 +2.88 ) ml/ (kg + min),

(3.11 £0.88) min, (8.55+5.11) beats/min, (5.28 £2.04 ) min and (386 +108) kJ/d, respectively, which were

the increase of VO

2max

significantly different from the change of relative indexes in NA subjects (P <0.01). Conclusion Iron fortified soy sauce
was effective in reducing iron deficiency anemia and significantly improving the aerobic ability of IDA students. The
intensity and the time period of aerobic activity during leisure time was also strengthened significantly in IDA subjects after

intervention with iron fortified soy sauce.

Key words: Iron fortified soy sauce; IDA ;physical ability ;maximum oxygen consumption ; heart rate; energy expenditure
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Table 1  Basic information of students(n =15)
FEANE B (%) A (kg) B & (em) BMI(kg/m?) AR (%) % 1T (kg)
1E# X RE 4] (NA) 13.27 £0. 80 44.87 £5.20 154.87 +5.50 18.67 £1.52 17.84 +£2.02 36.79 +3.69
BV 7 41 (IDA) 12.67 0. 90 43.24 6. 10 151.73 £6.76 18.67 + 1. 60 17.54 1. 71 35.60 +5.26

1.2 %A% 535

RGZ-120 78 By v - T AR, 8 M 7 sk 45 2 )
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CortexBiophysik 2% 7], Corival B T 3R B 47 %=, faf 22
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BHAWT ST
1.3 5k
131 mrik
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B P Y R N RER 1S ml SN, 7E
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PRALEY WL P Q4R S o A A 2 7R L A 42 10 O
A AR A SR R AL A LA, s AL A
RO BE o SR R 3K T B B BiE 1 BE B T 45 4Rk AR AL 1
cm AREE A A 468 B IR T 0 SRR O 132 HY AR B
FEE (mm) FFIC s T ok, BEAEALEZN 2 K,
T TI BE R 2N 5% O E .
FEFBALR O PR A LR R Sk EL
s B = Sk UNUE 6L @35 88 AR A R
7, 9 fk & ( fat-free mass, FFM ) [ i} &
L/ SR
BF% = 6.9314 +0.4284X (1)
X, BF% T oA s X S =Sk LS R IR
11 BB B i J5E B 22 T, mm

RIRE (kg) = #RH (kg) x BF% (2)
A (kg) = AH (kg) - WHHEE (kg) (3)
L4 BHamr
K HT SAS B fF 4L AT et o A, AN & 4R
PRALTE] 22 57K A ST AREAS ¢ Koo 2H P R R AT 93
Ja OBCR FIBC NS ¢ A6 56, 13 Bk 2 A s Bk A 2
PRIBO 05 BEAT ST 70 B, 45 53R T80 = AR vl 22
(x+5) KR,

2 H£ER
2.1 RIS 2 A R AR Y AR 4k

NA 20 F01 IDA 21 2 A= 3250 /i 5 09 2608 FR R 4
PRARAL WL 2,
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Table 2 The change of indexes on iron nutrition status of NA and IDA students

13 Hb(g/L) SF(pg/L) STfR ( nmol/L) SI (mg/L)

12 46 Fip X5 12 46 Hil 55 R 55 12 48 iy X5 5
NA 139.4 £3.8 141.1 £4.1 42.33 £15.04 44.41 +£14.77 21.68 £3.83 19.84 +3.67 0.88 +0. 09 0.93 +0. 10
IDA 112.1£5.8 138.5+2.72 4.98+1.67 32,14 +6.012 36.94 £8.30 21.86+5.422 0.75+0.12 0.93 +0. 152

I 5T A P <0. 01,

IR HT /S NA 2479 Hb (SF ST Al sTIR 22 5 341%
A GE R S0, M BSR4k ¥ m i DA ZH 1% Hb |
SF . SI 555 fj b % W ZF (P <0.01) ,sTR 5
BRI W EFEAR(P <0.01)
2.2 REHE A A AR ) AR Ak

NA 41 F1 IDA 21 24 A6 38 50 11 )5 A U RE 1 HR A 1
AL 3,

WA HE NA ZHAHXHAE ) VO, (VO0,,, /W)
FIARXS K (1 VO,,,, (VO,,, /FFM) 22 57 ¥ % A

il #m X, RS, IDA 414 VO,,, /FFM 3 i
H(9.74 +2.88) ml/ (kg + min) , 5 NA 2H /3 in{E
RAAGIUHEE L (P <0.01), NA 2/ Kl
%I} [A] ( maximum work time, WTmux)iﬁﬂ{Ef\j(O. 72
+0.48) min, IDA 4H §9 3 In{E M (3.11 +0.88)
min, B4 22 5% A Geit2# 738 L (P <0.01),
2.3 RXIHT S A R R AR AN H R K D) TE S A2 Ak
NA 4180 IDA 20 27 A 76 IR i JA 24 h o2
Me) JO7 48 AR A A2 AL UL 3% 4

# 3 NA LA IDA 2127 A= R AT A7 S RE J1 35 An i A2 1k
Table 3 The change of indexes on aerobic capacity of NA and IDA students

VO, max( L/min)
21 5

VO,,,./W[ml/ (kg - min) ]

N o] o ZMH LMol o 218
NA 1.68 £0. 16 1.85+0. 182 0.18 £0. 04 38.03 +5. 86 39.55 +6.09 1.52 +0.57
IDA 1.29 +0.25 1.70 £0. 192 0.41 +0.09b 30.25 £5.47 37.74 +4.352 7.49 +2.29b
) VO,,../FFM[ ml/ (kg - min) ] WT,, (min)
NA 46.23 +6.50 48.42 +7.05 2.19 +0.48 14.52£1.22 15.24 +1.43 0.72 +0.48
IDA 36.72 £6.74 46.46 +5.332 9.74 +2.88b 11.51 +1.40 14.61 +1.308 3.11 +0. 88

A SIAIRET A P <0.01;P 5 NA 41 HE P <0.01,

F4 NA AU IDA 413 A W F R 24h 05 U 56 975 1
Table 4 The change of indexes on 24h heart rate monitoring response of NA and IDA students

a5 NetHRL( ¥/min) AAT (min) EE(kJ/d)

i 5 iy 5 e 2MH 1 5 iy KB 5 2{H i 50 iy K55 ZH
NA 34.12£6.76 35.08 £6.20 0.96 £2.27 16.76 £6.53 16.83 £5.37 0.07 £2.30 2623 £329 2708 +327 85 +128
IDA 23.26 +7.46 31.81 +5.622 8.55 5. 111 10.77 £5.39 16.05 5. 172 5.28 +2.04b 2253 £404 2639 4342 386 + 108>

e a5 P <0.01;P 5 NA 4% P <0.01,
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WG, IDA 21 B K PR 38 1] ¥4 0 2% (net HR of
leisure, NetHRL) ¥ {8 & (8.55 +5.11) ¥X/min,
A 4 15 Bh I AE] (aerobic activity time, AAT) B fi{E N
(5.28 £2.04 ) min, 8 & 74 #& ( energy expenditure,
EE) H{IE (386 + 108 ) kJ/d, b iR 48 4R 1y i fH 5
NA I ER YA G F 2 L (P <0.01), 25
FUIK NI E] IDA 20/ NetHRL (AAT Fl EE ¥%¢ 2k
e LTI

3 itig

BLAR Bk B = ™ i 5 SOk 2 M. Bk
10 A S 7 - T S B I N e =)
BN LU RE ) BEAK, #5 A8 1 52 2805, LA A
JILLT 2 1 9 A S S s R AR ) i — 4 S B
AE T B B ALk R 1k ) NaFeEDTA 5 1% 45 2% 5 #
B, W < A, T A Ak ek HLAR BR SRR L,
ARSI T NaFeEDTA i Ak # 1 o 36 2 28 HLIA
ERINVRORTE

BBk AT F S BLZ 10 R S
AR M AT R ZLEE S, 2 X 06 2R R S8 P R S
PAK TAENLE R W L3 W 2 o VO, J& 152 A A M
e 71 (aerobic capacity ) fiz 3 M A LAY $8 45, |2
e T HLIR IR A SR 3B i S8R R A B T, R E
N e bR 2 — ", Hb WE Y
ARk 25 AR AT RE ek AE | Hb R B RIS
SGHVO,,, b W B R S B R
B IE H S AR B ST & B IDA 2R VO,
VO,,../FFW &R 5 A8 T IEF 41, Ul W] IDA FRK T FH
FABNRE S . ALK ERE IR R b, TR
SRR TF BRI K F B B, 25 A R RE Y A
FURSE N, R T I BR 32 38 2 A8 B R Dk & 3 0 W2
FEAE R RZ I, R F IR A S 22 18 09 AR VE BB IR
THRCR . IDA A Egk R AL T 1 10 S H 5,
Hb #5L4k B 21 A AT e B 2 k3, 5 NA
25 03,5 Woodson 25 Li %) fF 55 45
— 3, Bkl = xR g o BB 2w i 5y — A O T
e Xt 1 R A A R TE 4 5 e iR RS
S B K R TR AR AR R b Ok T A A B 16 4R
SRS LA R RS EE T s ik o 3% W Bk
ARBLG T ) 2 M AFAEARGR A SR E R . IDA AR R
P IE BT A%, o BE IDA LT g R AR 1 72 B
Hb ¥ B A 56, i ™ 5 IDA FUIH 77 B (K i 2 3
KUY ARBESE LB, IDA 2 A B i K T A% ) R
T IR % 4L, s Ak ¥ o+ BUS S K it 32 B 18] 452 1
WRTA T 5 8.

Ik Hb 52 ma HL A (4 25 SR8 7, i 21 R Rg ) 1 [

%, 2 ma AR B B #3635 % AR 3 3h fg D5
Wi B9 55— A~ A 7 B9 T AE T 2% 57 3 2k 7 RE
TR . Basta 250 X B JE 74 R AR IDA 3 9%
(Hb < 130g/L) 8 ik T A 353 g 138647 T RF5E, A
i 5 Bk g 15 20 (HST) SRR 55 sl fig 71, DAt A
YE R A Pt 48 A, & 3 IDA T A48k (100mg/
d, IR H) 60 d 5, A 7 BE ) 3 B B O
K, R F 4 B 17% , IF H HST 4y 5 Hb
W FE AR OG (r =0.23) A 7 fay il A Hb R B2 26 1
FIK(r=0.56) o [H A0 5 A0 48 A 2 ] B A R 4
F R S, 0 26 5 R ek 3 AR 2 D R R A Y
RSO FHE 24 b 5 W S — il % WL B4 3T A 4 g
WA T L A B R BT TR AR PR B e
RAFE AR B A B % 25 5, AW 7E IDA 41K IR
AT E A sh et R B KT NA 4, B A
IDA 2024 A AR I A 2 16 3, 76 200 4k o £k 3%
W10 S A5, Widl BRI A9 ANHR 1 EE 2
T35 5 HORSI (R R RIS 9 ANHR #1 EE &4k
PR IS 14 47 4005 3l A I R e 3 2l (P < 0.01)
VL EH 905, Rk Mk 3 i 2= A A6 B 2 1 ) i 4T A A
T 3l , 28 Bk i Ak % il BB A A% ek S i Bk 1 A i 2
B 2R SRR T, 0 3 B v LR PR B R) 2R AT A RTE B
B4 JEE L ]

A5 2 [ A H UK AT R B DR A 3 il X A
S T SE, X G4 0 B2 2k AR AE 11 ~ 14 %
Z 0] PRHE SRR 0, U T 5 M D AR B R T TR
S IR BRI 98 25 S, (HRE AR B 350/, SE 26 IR A% 45
PRSP 1 A AT R B, A I A T AT R ONHE JOR
I 4T % 7 B ke 38 A0 1) ik — A R 9T
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