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1. Grand View Research
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Table 1. Comparison of characteristics of different lactoferrin detection methods.

Sy90 Sale so3l PRRRZTC SARNES
& I ) & RSl S
Reference Technical problem of the method Linear range Detection limit Technique
(ng/mby (ug/mb
Oley Y gan3o o Sislom 52 Sy GBS
. e s
[14] o b gl 5.60— 800 28 A
Biological component degradability, high Immunosensor
cost, short shelf life
Oley Y a3 o Sislom 52 Sy GBS
5 s 5!
[15] o by gl 312200 10 »
Biological component degradability, high ELISA
cost, short shelf life
oles Vb a5 ((Sigden 232 G ndy e
[16] o Ly gl 0.004-1.0 0.002 S5 Pt
Biological component degradability, high Optical sensor
cost, short shelf life
75 S8y g 0uez J>le oom 2 Oley Vb s ie
Ol g oo u‘;’,)’j.o" sl a5k sl oalel
Joe 50 0,315 CollB pas woauzmy 9 e 58 abe B8 S ek ,S
[17] High cost, time consuming, complicated 0.20-30 0.2 YU Led b S
and time consuming preparation steps, RHPLC
need for trained operator, heavy and
complex equipment, inability to use on
site
Joe 50 00,5 Culld puc 0y hjeel Heilpl 4 5L .
[18] need for trained operator, inability to use 10.0-100 10
. Chromatography
on site
5 S8y g oz Jole (39 p Oloy Vb sanse
Ol g 0l u‘:’).iﬁy‘ Sl a5k sl oalel
- Jz=e yo o).i)lf CollB pae -‘om..:_. 0 9 ,,&..w/ by 3 Ssiley S
[19] High cost, time consuming, complicated 20.0 - 200 12.0 Affinity-base
and time consuming preparation steps, chromatography

need for trained operator, heavy and
complex equipment, inability to use on
site




.....

GCE/Nf-MWCNT

\\"'\‘\QLL*)U ¥ o)Lo..fa Y ooyg0 ‘gs'.‘k’ BT Lng&)jLé aolilasd 0 Y.

(Electro-inactive) -==Hy0,

¥ Other milk #+2e (Electro-active)
proteins 3 F
Milk & . ,)r / LA
‘/Lactoferrm (h ) o
(LAF) _ Y’ 2“-

Co-immob- K
ilization
_—
in Milk

GCE/Nf-MWCNT@MB-LAF

500 iz S slaalglsili b ond 2ol 39,5 pmhans o shislite g 3535V (o jed Cansi 3l oslitl b 1 3535V (5 p Sl (1) JSeib
et 52,5 098N o ) 52l

Fig 1. Determination of lactoferrin using co-immobilization of lactoferrin and methylene blue on the surface of multi-walled carbon
nanotubes-nafion modified glassy carbon electrode.
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Fig 2. Cyclic voltammetry (a) and Nyquist diagrams (b) Au / Capt nanostructured sensor after exposure to solution a: without Lactoferrin
and b: 1.5 uM Lactoferrin, in the presence of [Fe(CN)e]*’* 3 mM and KCI 0.1 M.
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Fig 4. Investigation of the effect of increasing lactoferrin concentration using Nyquist plots in the range of 125 nM to 3.250 um in the
presence of 3mM [Fe(CN)e]*™* redox pair and 0.1 M KClI, frequency range 100 kHz to 1 Hz at a constant open circuit potential and an
alternating current amplitude of 10 mV.



6 ymagdaas] B9y 3l eolainl b 09l oo cdwlive a5 loren
Gosgame e slas iz lly g, boawlie jo
g 03,5 I dgmn S 6pSojlul Cunlis g (>
UM 1 ooy (Jas (godgazme ;3 (n 3935y (5 5ol

Sl iy el 1, ¥/YO uM b /1 Y0

\\“\’igt;.‘..,t; f o)Lo..i‘; A% 0,90 ‘LS-’-‘;\'é Ry LSL“LS)ﬁLS aolilad c Yr

O SRy Ceol eal ool lis S jebiyles
09 S mhans 3 0,855 5 s otlS LSlogil Y ST
JUsl 5l mile 0,898y cdale iol58l oS cl slases 4
u’“"‘)s‘ ‘L"L'-"' » 9 )iw? C—'ﬂ-u-' e 0‘530) CB) Q5}"S'H
b (Sly 0) S5 058 0 Re) b Jlasil cooglie
Bad e plis |y 8eSY cdale 4 LOg Ry polie

4.5
Y=2.665+0.586 X

o R2 =0.995
of ;
0 3.5 A
—

3.0 @

)
25 ': T v T v T T

-0.5 0.0 05 1.0

LI O L B L R |
1.5 2.0 25 3.0 35

[Lactoferrin] / uM

YIVO. UM G NYO UM godgame ;5 oy 8458V clale & LOG Ryt poolie Jos Sl (8) S5
Fig 5. Linear dependence of Log R values on lactoferrin concentration in the range of (0.125 to 3.250) um.

ol by BB o 3eaSY clale 4 golpiing S

Sl s g plo 0 (0 BeSY (g pSejlil B.Y

o dutd S 3 o0liiuwl b 1ol
aile Lo )9aS 5l (gl 53 55 e 5l ol o (0 3giSY
Lol gl Sis pd GemVsed 4 ez g 1l
S99 a5 Cewl oole las eul bl Olallas 04l oo
5 05 0 gl b Wlgee Sas 8 s besY
Ose¥se oS adly axsls blig (el o YL
e s Bk Sl Ol ) ol Ses
Sy 8 exd e S 5l esliial b sy
Y0 pg/ml Jolowo jolaie (o Sged (a6 ieadienn]
Joloee I patrine oo g 0o 5 agd Sis 1l (gdiged

Cll 5 L0g Ry jolie e o alyl, oS5 s
odlice YIVO. U -N\YD clalé godgusma ;o (p,84u5Y
= JFY L] (M) + YISYA s S, aloles g o
aS lies el +/A90 (Kiead oo 9 LOG Ry
2 SAESY eFsn (N wdx boogd e calie
Gl b Ul Caglie Jlake s snlS caVeSs plan
oS JES! 51 il i3l ol s sl azily
Sdyd 23 kgl Gad dgose Jl a3 O,
MM i paeld 9o ol 0 B95SY (595 959
G iz b b ol dsls SN =Y ulul,y) B-
o s pslS s lusil YOS5 o o beSY
5 bl om e (Sly @ b 098Ul )
2 ople 09 go 00l Conad (p B9V (g slagSsge
@ oS Cwl Shn eBon S So GadesY
el g a8 oo Joe p 2 JUET 0aiiS Sgine 4 (lgie



O 5 comdlpl dabold

YV O Obolig Sz b jo GBSy chale b))
N/

Log [rv-rAl sjusteal mlidl i, 5l oolanul L

Sy e AESY ) mgml Jobwe 5 V-l slagial
oals oolo lis (V) Jgaz o asols .cd 5 |15 ol

o ple 5 0p8aiSY lade ol 00938l ] A o ,8SY
(#) JSo 0 o lalin] el oolanal L Sas
0 Lialeyl o (ialey] s 0,905 jelate 4 o dwlxe

(sl 00 1S5 )L 0 (5 uS05lail jo) Sis 8 sdiges ;0 85y cdale 5 Foslal o Sbsb GialesT ol (Y) Jeus
Table 2. Results of the Lactofarin recovery tests in milk powder (Each measurement was repeated 5 times)
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Abstract

The food industry is constantly evolving to meet the needs of consumers in the production of new, profitable,
enjoyable, healthy and affordable food products. In this regard, the production of functional foods with the use
of additives such as lactoferrin, which is an immuno-booster protein, has been considered. The design of
electrochemical sensors for on-line determination of some of the biological components in the food matrix helps
to control the quality of the products and reduce production costs. The main goal of this study is to develop an
analytical device for rapid and reliable determination of lactoferrin as one of the biological species in dairy food
and to evaluate the quality of food using new technology of electrochemical sensors. In this work, the
electrochemical sensor of lactoferrin were prepared based on the ability of this protein to form a complex with
iron ions and adsorption on the surface of the of nanostructured monolayer of captopril and was used to detect
and evaluate the concentration of lactoferrin in infant formula. Changes in the surface charge transfer resistance
in the impedimetric method which is caused by the absorption of lactoferrin at the sensor surface are the basis of
the work of detecting and determining the amount of lactoferrin using the prepared sensor. The developed
sensor is capable of detecting lactoferrin concentrations in the concentration range of 125 nM to 3.250 M with
a detection limit of 50 nM and were successfully used to determine the amount of lactoferrin in milk powder

matrix.
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