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Table 1-Liquid Infant Formula Ingredients

Composition gr per 100gr
Carbohydrate 7.18
Fat 3.21
Protein 1.14
Ash 0.21
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Figure 2-Flow diagram of sample preparations
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TableY - The effect of the UHT heat treatment process on changes in color indices

Sampling time L*

b* AE

Before UHT treatment 97.86+0.0123%

-1.82+0.00032

7.95+0.0011* -
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After UHT treatment 80.23+0.0113°

-1.2+0.0058°

6.87+0.0014°  6.99+0.0005

The data presented in the table are in the form of mean + standard deviation of two replications. Different letters

indicate a significant difference (p<0.05) in the mean values.
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Figurey -Impact of the UHT thermal process on Available Lysine (% per DM); Means with different

superscript indicate significant differences in column (P<0.05)
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Figurey -Content of Furosine (milligrams of Furosine per 100 grams of protein) ;Means with different

superscript indicate significant differences in column (P<0.05)
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Figurev -Vitamin C content (mg/kg) ;Means with different superscript indicate significant differences in

column (P<0.05)

S omit

Sl Al sl Sl Sl s slaasly
Aol sl mle el gl dis ol (UHT) Ll 5
ssms o e UHT ool Sl Sl eslisad aS e
Srp Dope d e 5 2B se el i Sl oLl e
ol (& el 5 opsd el sl lodis gla estls
ORSIs anws ramen s S8 U Cod | J g
Sl 5 i Ol Sl 4 ey boodle
S S5 oRIP s chlis ) (S sl el
Wl 350 (A2l Ll 50 JSC25 51 S
Sty ol VU el 51 (S 5558 Olsen o 38
Sleobil (b3 30k ST an s sl o8 mle

S ol S 5 ol Sl 3 Ol 4 a5 Ly o

91

2 bty Ol alS e UHT 1> Jles
sdd ooy [l b ISE 55 oS lailen i 315 mlbe o2
Sl sl sl 3l e 5 I3 & el s liie wu
oS ke \TAYAENM0 5V 8V 0k /88 s 5w UHT
5 s (Sl Sl uos VYAY) g e SHLS
L gas als 0lis (P<O/05) S35 iy, L baesls Lo
Al s e s UHT 5ol a3 51 e 5 |3
Cllas b tass ple SULIS L sl e mls
3k & el el Coaenl LAz S Loy s
Dyame $o31 3 b o3 OF plae 1alS oliy IS
e OV game 3 1) & elus Lol s Coenl

IYY Y ,0] &S o o 55 [y 0ol 5



el s (UHT) Lol 3 S5l jles 31 oy

Q'JK&A};L}}M

Soslp b s ke [2S1y 05 S s sl 5 J2S Sla s

[1]

[2]

[3]

[4]

[5]

Cama-Moncunill, X., Direct

analysis of calcium in liquid infant

et al.,

formula via laser-induced breakdown
spectroscopy (LIBS). Food Chemistry,
2020. 309(125754).

Bakker-Zierikzee, A.M., et al., Effects of
infant formula containing a mixture of
galacto- and fructo-oligosaccharides or
viable Bifidobacterium animalison the
intestinal microflora during the first 4
months of life. The British Journal of
Nutrition, 2005. 5(94): p. 783-90.

Guo, M. and S. Ahmad, Formulation
guidelines for infant formula, in Human
Milk Biochemistry and Infant Formula
Manufacturing  Technology. 2014,
Woodhead Woodhead
Publishing Series in Food Science,
Technology and Nutrition. p. 141-171.
Kokkinidou, S. and D.G. Peterson,
Control of Maillard-Type Off-Flavor
Ultrahigh-

Temperature-Processed Bovine Milk by

Publishing:

Development in
Phenolic Journal  of
Agricultural and Food Chemistry, 2014.
62(32): p. 8023-8033.

Sunds, A.V., et al., Maillard reaction

Chemistry.

progress in UHT milk during storage at
different temperature levels and cycles.

International Dairy Journal, 2017. 34.

92

a}_}§ C,-..:..ALW;-)‘A_X;;S cJJ.a.a C»JM-«'){JJM-:-A J"'S‘J

o2y 5 OB55) dpame nl Sl oS 4i s

o S 05.“:_94.36]’1.:.,3 Soldlas L(JUL'. Q‘J\)_};

[6]

[7]

[8]

[9]

[10]

[11]

6\.’.0—0

Happe, R.P. and L. Gambelli, Infant
formula. Specialty Oils and Fats in Food
and Nutrition, in Specialty Oils and Fats
in Food and Nutrition. 2015, Woodhead
Publishing. p. 285-315.

Tamanna, N. and N. Mahmood, Food
Processing and Maillard Reaction
Products: Effect on Human Health and
Nutrition. International Journal of Food
Science, 2015. 6.

Aktag, 1.G., A. Hamzalioglu, and V.
Gokmen, Lactose hydrolysis and protein
fortification pose an increased risk for
the formation of Maillard reaction
products in UHT treated milk products.
Journal
Analysis, 2019. 84.

Roux, S., et al., Kinetics of Maillard

of Food Composition and

reactions in model infant formula during
UHT treatment using a static batch
ohmic heater.
Technology, 2009. 89: p. 349-362.

Zhang, Y., et al., Effect of

Dairy Science &

different heat treatments on the Maillard
reaction products, volatile compounds

and glycation level of milk. International

Dairy Journal, 2021. Volume
123(105182).

Roux, S., et al., Comparative
thermal impact of two UHT



\5.'5.;,.3;)‘9)5 Y 693 NoA aJLa..f:

[)lﬂl L;l"l'é @WJF_’L“M

technologies, continuous ohmic heating
and direct steam injection, on the
nutritional properties of liquid infant
formula. Journal of Food Engineering,
2016. 179: p. 36-43.

[12] Guo, Y., et al., Changes in
Maillard reaction products, volatile
substances and active proteins of goat
milk under different heat treatments.
International Dairy Journal, 2024. 146.

[13] https://www.statista.com/statisti
cs/976542/sales-of-baby-milk-formula-
by-type-us/.

[14] Zhu, H., et al., Trapping of
Carbonyl Compounds by Epicatechin:

Reaction Kinetics and Identification of
Epicatechin-adducts in Stored UHT
Milk. Journal of Agricultural and Food
Chemistry, 2020. 68(29): p. 7718-7726.

[15] Al-Saadi, JM.S.a.H.CD.,
Cross-linking of proteins and other
changes in UHT milk during storage at
different temperatures."”  Australian
Journal of Dairy Technology, 2008.
6(63): p. 79-85.

[16] Aalaei, K., et al., Application of
a dye-binding method for the
determination of available lysine in skim
milk  powders. Food Chemistry,
2016(196): p. 815-820.

[17] Charissou, A., L. Ait-Ameur,
and I. Birlouez-Aragon, Evaluation of a
gas chromatography/mass spectrometry
method for the quantification of
carboxymethyllysine in food samples.
Journal of Chromatography A, 2007.
1140(1-2): p. 189-194.

93

[18] Schamberger, G.P. and T.P.
Labuza, Effect of green tea flavonoids on
Maillard browning in UHT milk. LWT -
Food Science and Technology, 2007.
40(8): p. 1410-1417.

[19] Lalwani, S., et al., Changes in
nutritional and technological properties
of heat-treated milk and cream at dairy
production scale during storage
International Dairy Journal, 2024(154 ):
p. 105927.

[20] Milovanovic, B., et al., Colour
assessment of milk and milk products
using computer vision system and
colorimeter. International Dairy Journal,
2021(120 ): p. 105084.

[21] Karlsson, M.A., et al., Changes
in stability and shelf-life of ultra-high
temperature treated milk during long
term storage at different temperatures.
Heliyon, 2019(5 ): p. e02431.

[22] Aalaei, K., et al., Early and
advanced stages of Maillard reaction in
infant formulas: Analysis of available
lysine and carboxymethyl-lysine. PLoS
ONE, 2019. 7(14).

[23] Prestela, S., et al., Evaluation of
the effect of berry extracts on
carboxymethyllysine and lysine in ultra-

high temperature treated milk. Food

Research International, 2020.
130(108923).
[24] Contreras-Calderén, J., et al.,

Effect of Ingredients on Non-enzymatic
Browning, Nutritional Value and

Furanic Compounds in Spanish Infant


https://www.statista.com/statistics/976542/sales-of-baby-milk-formula-by-type-us
https://www.statista.com/statistics/976542/sales-of-baby-milk-formula-by-type-us
https://www.statista.com/statistics/976542/sales-of-baby-milk-formula-by-type-us

el s (UHT) Lol 3 S5l jles 31 oy

Q'JK&A}&LJ})M

Formulas. Journal of Food and Nutrition
Research, 2017. 5(4): p. 243-252.

Zhao, X., et al., Effects of
different heat treatments on Maillard
reaction  products and volatile
substances of camel milk. Front in
Nutrition, 2023. 10(1072261).

Laguerre, J.C., etal., The impact

of microwave heating of infant formula

94

[27]

model on neo-formed contaminant
formation, nutrient degradation and
spore destruction. Journal of Food
Engineering,, 2011. 107(2): p. 208-213.

Yang, H., et al., Degradation
kinetics of vitamins in different enteral
feeding formulas during storage at
different temperatures. Heliyon,
2024(10): p. €29653.



JEST No. 158, Vol. 22, April 2025 ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Evaluation of the Effect of Ultra-High Temperature (UHT) Treatment on Color, Lysine,

Furosine, and Vitamin C in Liquid Infant Formula

Masoud Ghorbani?, Yahya Maghsoudlou?*, Morteza Khomeiri®, Ali Moayedi*, Farhad Garavand®

1 -PhD student of Food Technology, Department of Food Science and Technology, Gorgan University of

Agricultural Sciences and Natural Resources, Gorgan, Iran.

*2-Professor, Department of Food Science and Technology, Gorgan University of Agricultural Sciences and

Natural Resources, Gorgan, Iran.

3-Professor, Department of Food Science and Technology, Gorgan University of Agricultural Sciences and

Natural Resources, Gorgan, Iran.

4 -Associated professor, Department of Food Science and Technology, Gorgan University of Agricultural

Sciences and Natural Resources, Gorgan, Iran.

5-Assistant professor, Department of Food Chemistry and Technology, Teagasc Moorepark Food Research

Centre, Fermoy, Co. Cork, Ireland.

ARTICLE INFO

ABSTRACT

Avrticle History:
Received:2024/4/30
Accepted:2024/7/20

Ready-to-feed liquid infant formula (LIF) is used for preterm infants when
human milk is unavailable. However, sterilization of liquid infant milk using
ultra-high temperature (UHT) treatment leads to the formation of Maillard
reaction products (MRPs), which may negatively impact the immune system
and kidney development. In this study, infant liquid milk, after being
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prepared at the Pegah Tehran pilot plant, was subjected to UHT treatment
(137°C for 3 seconds). The color indices, nutritional content, and initial
Maillard reaction products were examined before and after the UHT process.
The findings revealed that there were significant differences in the numerical
values of L*, a*, and b* indices before and after thermal processing
(p<0.05). The available lysine content before and after UHT treatment was
2.30+0.23 and 1.43+0.05 % in dry matter, respectively (13.48% reduction).

The amount of Furosine (early-stage indicator) before and after UHT
treatment was reported as 60.64+0.91 and 178.57+1.51 mg per 100 grams of
protein, respectively. Vitamin C levels, another nutritional index, decreased
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during the UHT process (before and after UHT treatment were 147.15+0.49
and 128.29+1.65 mg per kilogram, respectively). Overall, while UHT
treatment has benefits for food safety, it significantly reduces the nutritional
value of infant liquid milk through Maillard reaction products.
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