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Nutrition Delivery System
— A New Concept of Iron Fortification in Foods —

Dr. Lekh Raj Juneja, Noboru SAKAGUCHI
Nutritional Foods Division

Taiyo Kagaku Co., Lid. Japan

We have developed “Nutrition Delivery System (NDS)” using emulsion technology to deliver minerals, vitamins
and other nutrients in a certain place under a certain condition. Using NDS, it has become possible to fortify foods
with nutrients having merits of stability, taste, safety and bioavailability.

For example, many iron sources that exhibit the best bioavailability adversely affect food quality by accelerating
lipid oxidation or by producing an unfavorable color or flavor. Compatible and nonreactive iron compounds are need-
ed for fortification of foods because it has less of an “iron taste” compared to soluble iron. However, due to its insolu-
bility precipitation of the iron prevents fortification in large amounts.

We prepared a superdispersed Fe (SDFe:SunActive Fe™) ferric pyrophosphate, which disperses insoluble iron in
liquid formulations and produces no precipitation. SDFe masks disagreeable flavor of iron without affecting the fla-
vor of the final product.

SDFe is stable under the condition of heating and high salt concentration. The particle size of SDFe measured
was found to show a sharp distribution size (average 0.5z m), which is several folds smaller than ferric pyrophos-
phate.

SD male rats were orally administrated with various iron sources at 2 mg/kg as iron per body weight. Total
amount of the concentration of the serum iron after 8 -12 h was 909 g/ dl in the control (water) group, 1573 g/ dl
in ferric pyrophosphate group, 2001xg/dl in ferrous sulfate group, 2108 xg/dl in sodium ferrous citrate group,
2294 1 g/dl in heme iron group and 2839 g/ dl in SDFe group. Hemoglobin Regeneration Efficiency and Relative
Biological Values were the highest with diets containing SDFe as compared to other iron sources. SDFe did not
show any toxic effect on the gastrointestinal system as compared to other iron sources.

Many iron fortified products like milk, yogurt, and beverages including sports drinks have been launched in
Japanese market and abroad. Similar formulations have been prepared of calcium and magnesium salts, vitamins

and polyunsaturated fatty acids.
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SDFe ferric pyrophosphate

Fig. 1 Fig. 1 Solubility of SDFe and ferric pyrophosphate solution containing
iron content 12 mg/ g.
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Fig. 2 Particle Size Distribution of SunActive Fe and ferric pyrophosphate The parti-
cle size distribution of SunActive Fe and ferric pyrophosphate was measured
by using laser diffraction particle counter after supersonic wave for 2 min.
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Fig. 3 Stability of iron solutions containing
iron content 5 mg/ 100mL
The storage period was 3 months
for SDFe and 2 days for others.
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. Fig. 4 Stability of vitamin C with SDFe (), fer-
ric pyrophosphate ([]), sodium ferrous
citrate (@), ferrous sulfate (&) as iron
content 1 g/ 100g and control (O).

, * Significantly different from Control
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4 (P<0.05).

Table 1 Sensory Evaluation

Iron sources Evaluation
. SDFe 12£04
__....Ferric pyrophosphate 1606
.....Sodium ferrous citrate 27205
Ferrous sulfate 33+ 04
Sample : 5% Glucose solution of 5 mg Fe / 100ml
Evaluation Method n =10

0 : No odd flavor or taste 3: Strong iron flavor and taste
1: Noiron flavor and taste 4 : Extremely strong iron flavor and taste
2 : Iron flavor and taste

KIZSDFe Ll A4 DEHEFEMIZOWTOHBIRNERRZ 30ORBR G ETHR LD TEOHFIZOWTHRS,
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10:BEOSDRKES v I % 18FFMMA S 4727, SDFe, Wlsk, 7 T U Ep8kNa, ¥ o VESERUHBONLEE
ZNENAE 1 kgH72 0 2mgsk/ kg¥x5- L, 3045, 1, 2, 4, RUSEMAICRMLL TEFEFOSKETHEL . K5I
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Fig. 5 Serum iron concentration curves after oral administration of SDFe (),
ferric pyrophosphate ([]), sodium ferrous citrate (@), ferrous sulfate
(&) and heme iron (B) in normal rat) and control received distilled
water (). Values are means for ten with their standard errors repre-
sented by vertical bars. Statistically significant differences between
control and iron administration were observed each time (P < 0.01) fol-
lowing iron administration except for ferric pyrophosphate, sodium fer-
rous citrate and ferrous sulfate after 8h of iron administration.
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Fig. 6 Incremental Area Under the Curves following intake of iron of 2 mg Fe / kg body weight.


saito
長方形


(MEFRERME F19%E 2002]

2) NEZTE AR
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B, Tl RSk Nag SR ZEAM kg2 0 128ke LTBmg R BA LARBFAB C4EMAT L., 0, 4, 7,
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%% (the hemoglobin regeneration efficiency : HRE) % Mahoney & ®H P 2oV LT OFHERIC & o TR 72,

(mg Hb-Fe)gpa —(mg Hb-Fe)iyitial
HRE =

mg Fe consumed

mg Hb (hemoglobin) - Fe = {body weight (g)} X
{ml blood / g body weight (assumed to be 0.075 ml)} X
{g Hb/ml blood} X {mg Fe /g Hbl(assumed to be 3.35 mg)l
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Fig. 7 Hemoglobin regeneration efficiency (HER) value by intake SDFe (),
ferric pyrophosphate ((1), sodium ferrous citrate (@), ferrous sulfate
(&) of as iron of 3.5 mg Fe/100g diet in iron deficient anemic rats and
normal rats (O).

3) AOACZHEIC & B MR EWRIER

4BEDOSD 7 v MIBERZEE 25 BB G2, SRZUHAMIRRBICL72T v N % SDFe, MEEkE -0y v EREk
EBRRZER kg M7= 0128k LCO, 6, 12, 18, 2dmg kA L AEBRSE C2HAMMAE L. RERBIGAE L UK
THRICEHRRML, NE7O0EEZHELL. £ LU TRBIIRT &) ICKBNEICHTANEZOE VHENEDE
MO E 2R, BHEKICBTL2EMROBEEICHTHSDFe T30 ) YEKICBIT A EMOMEE L 0, HNNEY
%% (RBV : Relative Biological Value) #3XK&7,

RBV %, Hurrell® Cook & ®DHf3E%, FDA, ILSIR U ¥ AER RFHORK O Y, 2 A1, P&G, v¥
2RUT Ky PEOIKKOKFEREISBI L T 5 International Nutritional Anemia Consultative Group (INACG)**
7%, 3% LT\ 5 Association of Official Analytical Chemists (AOAC) ' 12 X 2 $: bioavailability % Fffi3 5 J
DUEDTH b,

FNODEMOME X IIHEERSK13 026, SDFelf027, ¥y YEE#IZ015TH o720 LT, SDFePRBVIZ1.04, ¥
Y YERERIZ056TH Y, TOHETDSDFeld, HiMkLRSOMELZRL, Yo VBRI ) LER TV,
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Fig. 8 Relative biological value of SDFe and other test iron sources (Modified
AOAC method) by intake SDFe (), ferric pyrophosphate (1), sodium
ferrous citrate (@), ferrous sulfate (&) of as iron of 0, 12, 18 and 24 mg
Fe/ kg diet in iron deficient anemic rats.

5. SDFe DR&M
1) HmEY RIFEH) RER

10B8OSDRMES v b % ASHEIIM R X 7=, 30mgsk/ kgt 4 & D SDFe, HilEsk, 7 T V8#%kNa, F/ld¥m
) LG A 2ARSRI AP SIS L, IR E SIFM I E 2 M L CHAMORESE Adami kY 1< & b FE L 7.
FUTRET I L ZOBBEVROBE 2 RTBMARORBRICB W TSDFe &5 TIX, BONRIZRE{ 0RFER
AD LN Lol —F, YO VEERSETIE, RHIC—HICBOFEIRO Nz, 72, HRE-FRGHELT
7 I UBS NaZ S ETIE, BEFRDONE L DOHDH - 7245, SDFeldiDSkFEMICIE L CHLBZRICEEDO &
WRERSKFEMTH S Z LATRB I NIz,

Table 2 Gastric tolerance of SDFe and other test compounds

No. SDFe Ferric Ferrous Sodium
pyrophosphate sulfate ferrous citrate
1 0 0 0 1
2 0 1 0 1
3 0 0 2 1
4 0 1 2 1
5 0 0 1 1
6 0 0 1 2
7 0 0 1 2
8 0 1 2 0
9 0 1 1 0
10 0 1 2 0
Mean = SE. 00 = 0.0 05 + 02 1.2 £03* 08 £ 02*

Dosage : 30 mg Iron . kg Rat Body Weight x 3 times in 24 hours
* Significantly different from SDF group (P < 0.05)

Ulceration Indes by adami Method

0 = No Lesions 3 = Many Small Ulcers of 1 Large Ulcer
1 = Hemorrhagic Suffusion 4 = Many Large Ulcers

2 = 1-5Small Ulcers (< 3mm diameter) 5 = Perforated Ulcer
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Fig. 9 Efficacy of intake of 290 mg SDFe as 35 mg Fe/day in low fat milk
for 74 days in young females.
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SDFeld &MiRMP & LTRD S NZFALH L ¥ o) v Bk % Utk LA EAM T RHL L 2= 8k8H TH 5. SDFe
1, BRI, BIfER, SRRRVOEBSOSFHEOMBEREERLL, NSRS LWEBHRITHY, RO
BB R D BB LR REM L E X 5o

SENI S E POIICBRZZDS, AT LE, =RV YA, ¥ I VEHREMABRERRBICBYTLERLR)
EBHBHILEHBL TS,

Bald, xR LOLTHIATNVERYY I VORBREIRELLRET], [ERL, TEENHAMEZED],
o [HERICELL ] BEOBRM THEDSEMET C/ER S 544~ A7 4 [Nutrition Delivery System (NDS)] %
TS L7zo EOHICHADEBEZICOVTOLHBELZEDTEY, CONDSHFELRYED, NFTVADLNR
EFERELCFS TENETREVEELDLRETH D,
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