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Effect of Sterilizing Method on the Quality Change of Iron
Fortified Market Milk during Storage
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Korea Food Research Institute, Songnam 463-420, Korea

Abstract

To evaluate the effect of sterilizing method on the quality of iron fortified market milk, HTST (high
temperature, short time) or LTLT(low temperture, long time) method was adopted after addition of
100ppm ferrous sulfate, ferric citrate, ferric ammonium citrate, or ferrous lactate in market milk. Sterilized
iron fortified market milk was stored at 4°C and then pH, lipid oxidation, color change, and sensory quality
were observed. The range of pH change in iron fortified market milk sterilized by HTST or LTLT was
6.51 ~6.74. The order of pH was control>ferric ammonium citrate>ferrous lactate>ferrous sulfate>ferric
citrate. Oxygen consumption of ferric ammonium citrate and ferric citrate was lower than ferrous lactate
and ferrous sulfate. This trend was same in HTST and LTLT method, but generally oxygen consumption
was lower in iron fortified market milk sterilized by LTLT method than by HTST. In total color change,
ferrous lactate treatment was closer to control than other treatments. Also sensory characteristics of ferrous
lactate treatment was showed better quality than other treatment. From these results, LTLT method
was more suitable than HTST method for iron fortified market milk and ferrous lactate was comparably

suitable among iron salts used in this study.
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Ferrozine assay

Ascorbic acid(0.02%62 0.01N HClel] £3)) 4 125
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£-¢l] W}z g}, Ammonium acetate(10%) 4948 718}
& £33} oh8- 1mM ferrozine color reagent(3-2(pyridyl)-
5,6-diphenyl-1,2 4-triazone-p,p’ ~disulfonic acid, Aldri-
ch Chem. Co., Milwaukee, USA) 1.25ml 7}8}o] & &3
3o o] F2 Foll A 2087 WA F /4 ImlE 71E
& 562nmoll A FHEE EA3le] HEFEE Al4Atst
AH9).
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A dFE TFYsld 8L 100ppm FEE H7}
g o}-& water bath Aol A &x9} A|7Hg =48t HTST,
LTLTH 2.2 7}7}b A’ & 4°Coll A A A shdA &
A7}t Aol Ag-slgd )

xLMsir £3

A= $-F-F serum vial(100mD el 20m1 2o} 2
¥ 5+1°C 24l o] AAFsPaA] Ao A1-8-3}1th Head
space oxygen ¥ 3= GC(Shimadzu GC-14A, Japan)E
o]-&3te] EAlslg e, GCY £ x4 oh-23 o).
Detector: TCD, column: Carbosieve S-1I1(80/100 mesh),
column temp.: 35°CE 687 §-41§ F 32°C/minS.2
Z], injection temp. 230°C, detector temp. 250°C, carrier
gasZ+ He(35ml/ min)& AH8-8131c}. Gas-tight syringe
Z o435t AAI 715 20004 FY7 oF-8- 4L chro-
matogram 22 A4 W32 243519 c10).

ME £X

29 M x &2 Chroma Meter(Minolta CR-200,
Japan)Z. 33] ukE-sle] A slleh. £A 32 Light-
ness factor), a, b(chrematicity coordinates)zt22 £ A|
sl o},

pH &3
7 2 pH W3l+E pH meter(Mettler Delta 345)2
AH4-3led &3 slgd vl

FHE 1199 F5 8ol g3t A F o) A=,
WAeld) 5o 5 54L 9w A3
e L o) ek (1), mek(33), REo9HEH), F
cH7A), i FHORE A dA (el F)e v 2
siok (1), 73heh33), BEolchE5A), <Fstek(74),
+ oFsie93)E st
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32} Aol A& A1l HTST, LTLTH 22 247
AFE o AAEEA FAE 4 gYristelch

HTSTH 2 AF A2’ 874879 pH W3}
& Fig. 13} 2} AA 7]2F 5 279 A+ =7
pH7} vl A8t Al Z7}8t4l & ferric ammonium citrate
E dxz79 713 281l A ferrous lactate, ferrous
sulfate, ferric citrate .22 Jebytc} pHe 042 7|1&
oz 2 q Az 674 HA 651 ¥ HAXL AA7| %
W o)e} ZAbstgdch B 9-& AU A9 pHAt
g z2rRche Yol xwt +f9 4FAE(11)e.2 1o
spol EAa sl Fig. 2% LTLTY ¢ <% A A
AEe pH W32 HTSTHI & AF2Z ferric
ammonium citrate’} &2} 714 §-AF81 4 A2, ferrous
lactate, ferrous sulfate, ferric citrate €22 el
HTSTH = & o)zt et

PN L

A HAsl e & A 57] 93t 2+ X E5E serum vial
o] o} A&} = headspacell 9] AtA TS ST
A& Fig. 3, 49 2} A4 AR F asts
Ze-& v as) 2d HTSTHAA = 279 A5+ A%
~4dAR = £ W37t f9o 49 o] F Frasitst
8% F.oj| & ferric ammonium citrate, ferric citrate A €]
Frch Abxgeke] Yokt A& 27]4¥ ferrous lac-
tate ferrous sulfate 2] 7-9] Atl4gae] dazFret G
2.2 viehd A akElr) 21 E = Ao 2 A EA

D}. "Jﬂ]’ﬂ._i ferric ammonium citrate, ferric citrate 3
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Fig. 1. pH change of iron{100ppm) fortified market milk
sterilized by HTST method during storage at 4°C.
—@— Control, —~— Ferrous sulfate, —— Ferric citrate,
—O— Ferric ammonium citrate, —&— Ferrous lactate
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Fig. 2. pH change of iron(100ppm) fortified market milk
sterilized by LTLT method during storage at 4°C.
—@— Control, =4 Ferrous sulfate, —— Ferric citrate,
—O— Ferric ammonium citrate, —&— Ferrous lactate
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Fig. 3. Oxygen consumption of iron(100pptn) fortified mar-
ket milk sterilized by HT'ST method during storage
at 4°C.

—@— Control, —# Ferrous sulfate, —— Ferric citrate,
—O— Ferric ammonium citrate, —&— Ferrous lactate
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Fig. 4. Oxygen consumption of iron(100ppm) fortified mar-
ket milk sterilized by LTLT method during stor-
age at 4°C.

—@— Control, —* Ferrous sulfate, —#— Ferric citrate,
—O— Ferric ammonium citrate, —a— Ferrous lactate

7380 2 ferric ammonium citrate, ferric citratet= At4~
b syl Aoy Aukakgl Sl A -f-oll A3
A& ARgow 2 8=} Ferrous lactate, ferrous
sulfatet= b & & e o HTSTH 3} v s}
of A2y A2 Zl o2 HriE e 53 fer-
rous lactate ] 2] - A4k 87} =27 ZHAskd el
A7 13Y Auk -t TG RG-S vy o LTLT
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=32 243 A7 Table 1,29 2o} HTSTY
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Table 1. Color charige of iron fortified market milk sterilized by HTST method during storage at 4°C

Iron source fortified

Storage

day Control Ferrous sulfate Ferric citrate Ferric A. citrate Ferrous lactate
L a b 4E L a b J4E L a b 4E L a b 4E L a b JE
0 8.9 -29 48 60 8.5 -26 54 64 8.6 -27 58 72 8.0 -26 62 77 8.0 -30 61 74
1 8.6 -30 49 63 8.7 -28 57 71 844 -30 58 80 848 -30 66 83 8.3 -28 63 77
2 8.2 -29 46 62 8.1 -26 54 72 849 -29 58 76 846 -28 64 81 581 -25 54 71
3 864 -29 44 539 862 -26 57 67 8.8 -28 58 72 861 -29 66 76 864 -29 46 60
4 859 -30 44 62 848 -28 53 73 88 -26 59 73 845 -29 64 83 844 -30 63 83
5 86 -29 49 67 849 -27 59 76 849 -28 62 79 847 -30 67 84 849 -29 58 72
Table 2. Color change of iron fortified market milk sterilized by LTLT method during storage at 4°C
Iron source fortified
Stg:;ge Control Ferrous sulfate Ferric citrate Ferric A. citrate Ferrous lactate
L a b 4E L a b 4E L a b 4E L a b 4dE L a b J4E
0 880 -29 50 58 849 -24 56 73 85 -27 60 73 83 -27 66 79 86 -32 55 71
1 8.4 -29 47 66 845 -27 54 75 8.0 -30 61 74 844 -30 63 83 8.6 -32 54 66
2 870 -29 48 60 8.1 -25 54 71 8.7 -29 59 73 861 -28 67 77 8.9 -3.0 55 65
3 8.4 -29 46 66 83 -26 521 69 861 -28 58 71 83 -28 63 77 872 -29 56 65
4 859 -30 44 63 87 -29 53 69 80 -26 H8 76 845 -30 63 82 8.3 -28 54 65
5 8.7 -30 50 63 82 -28 55 73 82 -28 60 76 85 -30 69 82 847 -30 57 65

2R3} ol AHE-3hy] A FelA] g A2 el
t}. o] 8] BAANE F3sl Y=ol HTSTHS
LTLTH R o} $£4] ¢dgkon F7HA] Aauy Z5eA
ferrous lactate} tl 272} 2bol7} 714 Ao A F2 A
Zo oggko] 7} A A vl ZA2E et}

25 54
BE7gst 4ol F5A 54$ A ES A% Table
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2 FAR 5= = AL 4udE A2 3 ==
HEALA ol 23 o] H AT & 5 2UvH12,13). HETF9}
A A A" 7z Mo Y9 Ay 2F ferrous
sulfate’} 713 A H71=9) 3, ferric citrate, ferric
ammonium citratet¥ 22 %2 2 ferrous sulfateX ¢}
£ $38t5 A 3 ferrous lactate . oh v A 1= 9
t}. Ferrous lactate’} HTST, LTLTH 25Foll4] HE A

Table 3. Sensory characteristics of iron fortified market

- 7hE M St A2 HHUA T dHETR

< A HriE A

ol A% A ws}el 242 7g-8 ¥l ferrous sulfate
7} 714 o137t o] A =& A L2 et ferric cit-
rate®} ferric ammonium citrate=. o] 3 Foll A FA
A A el e ferrous lactate?] 7§ HETFH
thi= o] H7E A A H YA ¢ AR AT shd M
43 A58 24k

o <

Abablo] 8713 {9 FA vA= ¢S H
7}8} 22} ferric citrate, ferric ammonium citrate, ferrous
lactateZ 9l 100ppm 522 A7}l HTST, LTLT
W o g gt Add BEAF 745 4°Col AF
sl A pH, AuHirsls, Aewd) ted B4 FAE ¥
7Vt A3} pHH 3= HTST, LTLTY EFolA 6.74~651
W 9ol W) FF ferric ammonium citrate, ferrous lac—
tate, ferrous sulfate, ferric citrate 2.2 E9tth. AW

milk HTST LTLT Ab3} = o) 7 ¢ ferric ammonium citrate, ferric citrate”}

Iron salt off Off Ak gn)gko] Ahe Zlo g el T ferrous lactate,
Color flavor Color flavor ferrous sulfates &v] Alxiu|gko] & 710 e}

Control 81%" 70 81° 75° At sl A eyl & Ao 2 FriE ek o9} AL A
Ferrous sulfate 2.9j 2.1:’ 4‘211 2.4‘: o Aol BAgle] YA o) AR Abas
pomecale ML AL 0 4 wjehe LTLTHo] HTSTH 2o} Poteh, Ammshol 4
citrate ¥ ferrous lactate7} F7HA] A ¥l 58 A2
Ferrous lactate 70" 62° 6.5 6.2° 2 Uehton Bua] EXAE o]H, A BellA S5

YDifferent superscripts within a column indicate signifi-
cant differences(p<0.05).

3}l 3 ferrous sulfate”} 78 223 Ao 2 vepylc}
(p<0.05). o1A+e] AxfollA A X735 f AxA LTLT
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