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Abstract: The inherent content of calcium in milk powder was rapidly determined by using nonlinear chemical fingerprint
method. Firstly, inherent calcium content in three brands of milk powder was determined by using flame atomic absorption
spectrometry as described by GB 5413. 21 — 2010 ( National Standards of PR China). Different content of calcium
carbonate was added into the above three brands of milk powder, respectively. Using“H* + Mn>* + BrO; + acetone +
substrates in milk powder” as reaction system, nonlinear chemical fingerprints of milk powder with different calcium content
were obtained, and there was a linear relationship between undulatory period and total content of calcium in milk powder,
where total content of calcium consists of inherent calcium content in milk powder and the content of calcium added in milk
powder. Then, inherent content of calcium in milk powder was calculated by the least square method. The results showed
that total content of calcium in milk powder and undulatory period value had a good linear relationship within 0. 022 7 ~
0. 032 3 g range of total content of calcium when the total amount of milk powder was 0.9g, the determination coefficient
was 0. 9953 ~0.998 8, the recovery was 99. 18% ~ 101. 6% , the RSD was 0. 47% ~1.63% , and the determination range
of the inherent calcium content in milk powder was 0 ~0. 032 3 g. The method developed has advantages of good accuracy
and simple operation, and it is a practical and feasible method for determining the inherent calcium content in milk powder.

In addition, the method can be as a reference in research on the methods for the determination of other components in other

complex samples.
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0 Introduction

With the rapid development of economy and
technology, people’ s living standards are gradually
improving, while people pay more attention to good
health, especially for the healthy growth of their
higher

Milk powder has been an important

children, so they have
[1]

consuming
willingness
human nutrient source in people’ s daily life because
the organic calcium content in milk powder is high and
the organic calcium is beneficial to the absorption and
utilization of human body. Therefore, milk powder is a
kind of highly nutritious food, and it not only suits for

infants but also for the old and infirm. At present, the
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methods for detecting inherent content of calcium in
milk powder have chemical titration and flame atomic
absorption spectrophotometry method. However, due to
complicated operation, error of observation, low
sensitivity and serious environmental pollution problems
such as potassium cyanide solution used in
experiments, chemical titration has been seldom used.
Although flame atomic absorption spectrophotometry
method for determining the calcium of milk powder has
the advantages of simple operation and sensitivity, the
equipment is expensive and needs specialized operation
technology. Moreover, because there are many kinds of
trace elements in milk powder, the interference is

larger and brings a certain error for experimental

Supported by National Science & Technology Program during the Twelfth Five-year Plan Period in Rural Areas of China ( Grant No.
2012BAD12B07) , Projects of Science and Technology Co-ordinating Innovative Engineering in Shaanxi Province of China ( Grant No. 2011KTCQO03 —
08), Special Fund of Shaanxi Provincial Education Department to Serve Local Development ( Grant No. 15JF009) , and Science and Technology Bureau
Technology Transfer Demonstration Project of Xi’an City in China ( Grant No. CXY1513(7))

Corresponding author: Ma Yongjie, Doctoral student, E-mail: mayongjiel 13@ 163. com. Tel: + 86 —13643892459.



2 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

results. Calcium ion selective electrode for determining
calcium of milk powder and Raman spectroscopic
quantification of calcium carbonate in spiked milk
powder have been reported'> ' | however, the method
also needs laborious process of pretreatment, and the
operation is complicated. Therefore, it would be very
important to develop the method of simple, low cost,
fast and no pretreatment such as separation or
purification for determining calcium of milk powder.
The discovery of Belousov-Zhabotinsky ( B-Z)
oscillatory chemical reaction promoted people to
investigate the phenomenon of nonlinear chemical

reaction .

Nonlinear chemical fingerprint was a
kinetic fingerprint based on non-equilibrium chemical
theory, and the phenomena of the reaction were
complex and involved chemical oscillation, chemical
turbulence, chemical pattern, chemical wave and so
on. The reaction mechanism and applications of
chemical oscillation had been investigated extensively
and thoroughly by the domestic and foreign scholars,
and many research results had been reported> ™",
Due to the advantages of simple operation, good
reproducibility and high precision of nonlinear chemical
fingerprint method, the research on the nonlinear
chemical reaction had aroused increasing attention for
many scientists and become a hot topic in the analytical
chemistry field. The applications of chemical
oscillation in the analysis and detection of single
component had been reported, such as trace metals
ruthenium , manganese, silver plasma and so on''* 2/
However, the research on the application of nonlinear
chemical reaction for the detection of calcium content
in milk powder was rare. Thus, in this work, inherent
content of calcium in milk powder was analyzed
quantitatively by using “ sulfuric acid — manganese
sulfate — acetone — sodium bromate — composition of

standard samples” as reaction system.

1 Materials and methods

1.1 Reagents and instruments

Sulfuric acid (1.00 mol/L), acetone (1.00 mol/L),
sodium bromate (0.80 mol/L ), manganese sulfate
(0.08 mol/L) ,

carbonate were used. All the chemicals used were of

calcium

hydrochloric  acid and

analytical reagent grade. Bi-distilled water was used

throughout. The five brands of milk powder samples
were provided by the Institute of Product Quality
Supervision and Inspection in Shaanxi Province, and
they were referred to as milk powder I , milk powder
Il , milk powder Il , milk powder IV and milk powder
V.

Preparation of standard milk powder samples:
inherent calcium content in three brands of milk
powder samples was determined as standard milk
powder samples by flame atomic  absorption
spectrometry as described by GB 5413.21 - 2010
( National Standards of PR China).

A nonlinear chemical fingerprint instrument ( Model
MZ - 1B - 2) developed by Central South University
and Xiangtan Ltd. for making whole set instruments
and meters ( Hunan, China) was used. The electrodes
were 217 calomel and 213 platinum ( Shanghai
Precision & Scientific Instrument Co., China ).
Electronic balance ( Model BS 224 S) and atomic
absorption  spectrophotometer were developed by
Shanghai Precision & Scientific Instrument Co. , China
and American PE Company, respectively.

1.2 Experimental method

1.2.1 Measurement of quantitative information of
standard samples and establishment of
regression model

Four standard milk powder samples of a brand were
spiked with known levels of calcium carbonate,
namely, the content of calcium carbonate in standard
milk powder samples was 0. 0264, 0.0352, 0.0427,
0.050 4 ¢, respectively. The total dosage of each
mixed milk powder sample was 0.9 g. The following
procedure was used in all experiments for the
determination of standard milk powder samples.
Nonlinear chemical reaction mixture was prepared by
mixing of 25 mL of 1. 0 mol/L sulfuric acid, 15 mL of
1. 0 mol/L acetone, 15 mL of 0. 08 mol/L. manganese
sulfate, 10 mL of doubly distilled water and 0.9 g of
milk powder sample. All of the reaction mixture was
added into the reactor. The reactor cover with two
injection holes, the electrodes and a thermometer was
closed. Then, the instrument was turned on, and the
temperature in the reactor was adjusted to a constant
temperature ( 50°C ). The stir rate was adjusted to
800 r/min. When the constant rate stir just lasted for

3.0 min, 5. 00 mL of the sodium bromate solutions was
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injected into the reactor. The menu was immediately
dotted for plotting the relevant electric potential-time
(E - 1)
disappeared. The undulatory period

curves until the potential oscillation
of nonlinear
chemical fingerprint of milk powder was determined by
Matlab software, and a linear regression model was
established between undulatory period and total content
of calcium in milk powder by using the least square
method. In this work, total content of calcium in milk
powder was composed of inherent content of calcium
and the content of calcium added in milk powder.
1.2.2 Determination of unknown sample

The 0. 9 g of milk powder sample of different batches
of the same brand, the appropriate amount of calcium
carbonate , 25 mL of 1. 0 mol/L sulfuric acid, 15 mL of
1. 0 mol/L acetone, 15 mL of 0. 08 mol/L manganese
sulfate and 10 ml of doubly distilled water were
simultaneously added into the reactor. The reactor
cover with two injection holes, the electrodes and a
thermometer was closed. Then, the experimental
method of Section 1.2.1 was used, and nonlinear
chemical fingerprint of corresponding milk powder was
determined. The undulatory period of nonlinear
chemical fingerprint of milk powder was determined by
Matlab software, and the content of calcium was
calculated by using the established linear regression

model.

2 Basic information of nonlinear chemical
fingerprint of milk powder

In this study, the experimental method of Section
1.2.1 was used, and nonlinear chemical fingerprint
was obtained by adding the 0.9 g of milk powder II
sample into the reactor. At this time, the content of
calcium in milk powder II only included inherent
content of calcium. As shown in Fig. 1. The e — f
segment was named as inductive curve, and the f — g
segment was named as fluctuation curve. The e and h
were the start point and end point of reaction,
respectively. It was obvious from the Fig. 1 that basic
nonlinear  chemical

characteristic  information of

fingerprint mainly included intuitive information and

( tind )7
undulatory period ( 7,,), undulatory life (¢,,),

quantitative information. Inductive time

canyon potential (E_ ), canyon time (i, ), peak top

can

potential (£ ), peak top time (¢, ), oscillatory start

pet

potential ( £ ), oscillatory end potential (E . ),

uns

oscillatory end time (¢, ), maximum amplitude

(AE,. ) and so on were defined as quantitative
information. All of them were described in detail in the
literatures 2 .
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Fig.1 Basic characteristic information of nonlinear

chemical fingerprint of milk powder Il

their
concentrations on nonlinear chemical

3 Influence of species and

fingerprint in the reaction system

Nonlinear chemical reaction involved many
elementary reactions, and the reaction mechanism was
complex. Moreover, nonlinear chemical reaction was

highly

alkaloid, trace elements, organic acid, peptide, amino

sensitive to foreign substances, such as
acids, vitamins, enzymes, ketones, hydroxyl, ether
compounds and so on, and these substances had great
influence on the shape and quantitative parameters of
the £ — t curve of nonlinear chemical reaction

system:” .

The substances of affecting characteristic
information of nonlinear chemical fingerprint may be
summed up as four kinds'?''| namely, reaction
substrate, reaction dissipation, coexisting substances
(such as alkaloid, vitamins, enzymes and amino
acids) and substances that existed in the system did
not be involved in any chemical reactions. The fourth
substances just affected the physical properties of the
reaction system, which changed the Nernst relationship
of non-equilibrium between the potential in working
electrode course and the activities of reaction
substances. The quantitative relationship between the
potential in a spontaneous irreversible electrode course
and the activities of the relevant substances can be

[6]

described by Nernst equation In general case, any

spontaneous  oxidation-reduction reaction may be
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represented as follows
n,0, +n,R, +--~—n, R, +n,0, + -+~ (1)
Where n, is stoichiometric number. Let electron
transfer number be n =n,n,, and the reaction can be
divided into the oxidation and reduction half-reaction
when the system is designed into the primary cell
reaction. The reaction is as follows
The oxidation half-reaction
n,R, —ne+-+—n0, +- (2)
The reduction half-reaction
n,0, +ne +++—n,R, ++++ (3)
The potential of corresponding electrode ¢, and ¢,
in Egs. (2) and (3) may be respectively expressed as

RT (l’(l)l]"‘
=%+ In 4
QDO gDO nF (l:,;ll"' ( >
RT, @0,
=% +—ln 5
gDR gDR nF (l;?z"' ( )

In terms of the electrode reactions of nonlinear-

oxidation-reduction reaction, the activity extreme of the

reactants and resultants will transform with the change
of time ¢, and the activities are all nonlinear functions
of time t. Thus, the potential is also the nonlinear
function of time ¢, and the relationship between electric
potential and time may be expressed as follows
RT, (ap, (£))" -
nF Cag (1))
It is obvious from the Eq. (6) that the changes of the

er(1) =3 (1) + (6)

reactants and their activities in the reaction system will

result in the change of corresponding electrode
potential, which will eventually lead to the change of
the £ — ¢ curve. These changes can be obviously seen
from the changes of quantitative information and visual
shape of nonlinear chemical fingerprint. For example,
the fingerprint and quantitative information of different
brands of milk powder IV and milk powder V were
determined by using “sulfuric acid — manganese sulfate —
acetone — sodium bromate ”

shown in Tab. 1 and Fig. 2.

oscillating system. As

Tab.1 Effects of dosagesof reaction reagents in reaction system on quantitative information of nonlinear

chemical fingerprint of milk powder V

System Sulfuric acid/  Manganese sulfate/ Sodium bromate/ acetone/ tind” e AEL IV
No. (mol-L~") (mol-L™") (mol-L™") (mol-L™") s
1 0.75 0.08 0.80 0.50 729. 498 5599. 698 0.1306
2 1.15 0. 08 0. 80 0.50 713.598 3 621. 000 0.1071
3 0.75 0. 08 0. 80 1. 50 931. 602 6 609. 402 0.1325
4 1.00 0. 06 1. 00 1. 00 856. 998 5616. 198 0.1188
5 1.00 0. 06 0.80 1.50 1 054.20 3 188. 400 0.0702
6 1.00 0.08 0.80 1.00 736. 002 2 874.798 0.074 0

It was obvious from Tab.1 that concentration
changes of the substances in the system had different
effects on quantitative parameters of the fingerprint.
Nonlinear chemical fingerprint of each sample is not
the result of some kind of reaction substrate or
dissipation substances, but the result of various degrees
of all coexisting substances in the reaction system.

Moreover, these coexisting substances have different

"0 1000 2000 3000 4000 S000)

ts
(a) Milk powder[V

effects on nonlinear chemical reaction among the
Fig. 2.

nonlinear

substrates, as shown in Therefore ,

characteristic  information of chemical

fingerprint is the common-effect of different degrees of
the substances in the system, which reflects throng
characterization of each substrate in the sample. When
the species and concentration of other coexisting

substances in the system are invariable, the amount of
12
1.1
1.0
«, 0.9
=
o8
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Fig.2 Nonlinear chemical fingerprints of milk powder IV and milk powder V (detecting dosage: 0.900 5 g)



No. 1 Ma Yongjie, et al; Determination of Calcium Content in Milk Powder Based on Nonlinear Chemical Fingerprint Method 5

the substance that has a significant effect on
characteristic information of the fingerprint is only
changed, and the change of characteristic information
of nonlinear chemical fingerprint is the result of the
effect of this substance. When function relationship
exists between the change of quantitative information of
the fingerprint and the concentration of the substance,
quantitative analysis of the substance can be carried out
by using this function relationship'*'!.

In this work, the effect of total content of calcium
(M, + AM) in milk powder on undulatory period 7,
of nonlinear chemical fingerprint was shown in Fig. 3,
where M, and AM were inherent content of calcium in
milk powder and the content of calcium added in milk
powder, respectively. T ., Tuww> T a0 T, Were
undulatory period values that were determined when
total content of calcium in milk powder was M, + AM, ,
M, + AM,, M, + AM, and M, + AM,, respectively.
When the content of calcium added AM in milk powder
was known, inherent content of calcium M, in milk
powder could be calculated by using the linear
relationship between undulatory period and total
content of calcium in milk powder, namely, the
regression equation was 7, =k(M, + AM) + b, where
k and b were the slope and intercept of the regression
equation, respectively. The results indicated that the
effect of determined substance on undulatory period of
nonlinear chemical fingerprint was greater when k value
was larger. In theory, b was undulatory period of
nonlinear chemical fingerprint when total content of
calcium in milk powder was zero, and undulatory
period value all depended on the effect of all the
coexisting substances in addition to calcium of milk
powder on nonlinear chemical fingerprint. Due to the
differences of species and their content of coexisting
substances in the different brands of milk powder, so k
and b value in the regression equation also existed
differences. In some cases, the effect of total content
of very low or very high calcium on undulatory period
of nonlinear chemical fingerprint may deviate from the
linear relationship. It was obvious from the curve m
and p or the curve [ and ¢ in Fig. 3. Therefore, in our
study, total content of calcium (M, + AM) in milk
powder needed to be in the range of 0.022 7 g to
0.0323 g, and inherent content of calcium in milk

powder was calculated by the least square method and

the linear relationship between undulatory period and
total content of calcium of corresponding milk powder.
Inherent content of calcium in different batches of the
same brand of milk powder can be calculated as long as
undulatory period of corresponding milk powder was
determined under the same experimental condition by
using the linear regression equation. In this work,
effects of other substances in milk powder on
undulatory period of nonlinear chemical fingerprint
have been basically considered in the intercept b of the
linear regression equation, and interference experiment

did not need to do.

Tund
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o
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Fig.3 Effects of total content of calcium in milk powder

on undulatory period of nonlinear chemical fingerprint

4 Results and discussion

4.1 Effects of total content of calcium in milk
powder on undulatory period of nonlinear
chemical fingerprint

Due to the difference of the shape of the E —¢ curve
for different brands of milk powder, so corresponding
characteristic parameters such as undulatory period,
inductive time, maximum amplitude and so on were
different. But there was often a linear relationship
between one or more parameter of these characteristic
parameters and the content of a substance in milk
powder. For example, in certain range, there was a
linear relationship between undulatory period or
maximum amplitude of nonlinear chemical fingerprint
in milk powder Il and total content of calcium in milk
powder II. As shown in Fig. 4.

Effects of total content of calcium on undulatory
period of nonlinear chemical fingerprint of milk powder
Il were shown in Fig. 5. Fig. 5b was local undulatory
curve of corresponding nonlinear chemical fingerprint of

milk powder Il in the range of 2 000 ~2 200 s.
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Fig.4 Linear relationship between total content of calcium
in milk powder Il and undulatory period and maximum

amplitude of nonlinear chemical fingerprint
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(a) Intergral graphics

When total content of calcium in milk powder was in
the range of 0.022 7 ~0.032 3 g, there was a linear
relationship between total content of calcium in milk
powder I , milk powder Il or milk powder Il and
undulatory period of nonlinear chemical fingerprint of
corresponding milk powder. As shown in Fig. 6. The
information  provided necessary  conditions  for
determining inherent content of calcium in all kinds of

milk powder.
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Fig.5 Effects of total content of calcium on undulatory period of nonlinear chemical fingerprint of milk powder II
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Fig. 6  Effects of total content of calcium in three bands of milk powder on undulatory period of nonlinear chemical fingerprint

4.2 Determination inherent content of calcium in

milk powder by nonlinear chemical
fingerprint method

In this study, the experimental method of Section
1.2. 1 was used, and three brands of milk powder were
determined by nonlinear chemical fingerprint method.
According to the linear relationship between undulatory
period of nonlinear chemical fingerprint in milk powder
I, milk powder I and milk powder Il and total
content of calcium in corresponding milk powder, and
inherent content of calcium of corresponding milk
powder M, could be obtained by corresponding fitting

equation in Fig. 6 when the amount of calcium AM in

milk powder was known. Experimental results were
shown in Tab. 2. With reference to Tab. 2 we could see
that the relative standard deviation ( RSD) of inherent
content of calcium for various milk powder was less
than or equal to 1.63% , and it indicated that the
method had higher precision. The recovery rate was
between 99. 19% and 101. 6% , and it indicated that the
method had better accuracy. The experimental results
were shown that nonlinear chemical fingerprint method
was feasible for the quantitative analysis of inherent
content of calcium in milk powder, and the developed
method could provide the basis for the determination of

the contents of other substances in a sample.

Tab.2 Determination results of inherent calcium content in milk powder by nonlinear chemical fingerprint method

Samples No. Tund”S Regression equation Added/g  Found/g GB Found/g  RSD/% (n=3) Recovery/ %
Milk powder I 16.042 7,4 =140.46(M, + AM) +12.022 0.016 1 0.0125 0.0123 0. 56 101. 6
Milk powder [T 15.759 7, =132.50( M, + AM) +12.261  0.0141  0.0123 0.0122 1.63 100. 8
Milk powder Il 16.176 Ty =113.44(M, +AM) +12.679  0.0185  0.0123 0.012 4 0.94 99. 19
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To further verify and investigate the feasibility and
reliability of the proposed method, different batches of
milk powder I and milk powder Il were spiked with
calcium carbonate at different content (0.013 2 g and

0.0156 g) , respectively. The experimental method of

EN ——»

01V
o

8] 1000 2000 3000 4000 S000
tis
(a) Total content of calcium in milk powder | :0.013 2 ¢

Section 1.2.1 was used, and the experiments were
carried out in triplicate. The nonlinear chemical
fingerprints of two milk powder samples were shown in

Fig.7. The detection results were indicated in Tab. 3.
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(b) Total content of caleium mn milk powder [1:0.0156 g

Fig. 7 Effects of total content of calcium on nonlinear chemical fingerprints of milk powder I and milk powder II

Tab.3 Determination results of inherent calcium content in milk powder I and milk powder I by nonlinear

chemical fingerprint method

Samples No. Tund” S Regression equation Added/g  Found/g GB Found/g RSD/% (n=3) Recovery/ %
Milk powder I 15.597  Touq =140.46(M, + AM) +12.022 0.0132 0.0123 0.0123 0. 47 100.0
Milk powder Il 15.935 7,4 =132.50( M, + AM) +12.261 0.0156 0.0121 0.0122 0.48 99. 18

4.3 Detection range of inherent content of
calcium in milk powder

In this study, total content of calcium in milk
powder was in the range of 0.022 7 ~ 0.032 3 g by
adding appropriate amount of calcium, and inherent
content of calcium in milk powder was determined.
Therefore, according to this research, when inherent
content of calcium in milk powder was between 0 ~
0.032 3 g, and inherent content of calcium in
corresponding milk powder can be obtained by the
proposed method. Moreover, the minimum limit of
detection and the maximum limit of detection were 0 g
and 0. 032 3 g, respectively. Therefore, according to
the above discussion, inherent content of calcium in

milk powder was in the range of 0 ~0.032 3 g.
S Conclusions

(1) Inherent calcium content in milk powder was

determined and analyzed by nonlinear chemical

fingerprint  technique. According to the linear
regression relationship between undulatory period and
total content of calcium in milk powder, and inherent
calcium content of milk powder was calculated.

(2) The results showed that total content of calcium
in milk powder and undulatory period value had a good

linear relationship within 0.022 7 ~0.032 3 g range of

total content of calcium when total amount of milk
powder was 0.9 g, the determination coefficient was
0.995 3 ~ 0.998 8, the recovery was 99.18% ~
101. 60% , the RSD was 0.47% ~ 1.63% , and the
determination range of inherent calcium content in milk
powder was 0 ~0.032 3 ¢.

(3) Therefore, the proposed method had high
precision and accuracy. The method can not only be
used to determine inherent calcium content in different
batches of the same brand of milk powder, but also be
used to determine the content of other substances in
complex samples. Moreover, the method developed
provided an approach for determining the content of
trace metal elements in a sample. The method had the
advantages of simple operation and low cost, and it had

good application prospect.
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Determination of Calcium Content in Milk Powder Based on
Nonlinear Chemical Fingerprint Method

Ma Yongjie' Dong Wenbin® Fan Cheng’ Fang Yue’ Wang Shipeng
(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science and Technology, Xi’ an 710021, China
2. College of Food and Biological Engineering, Shaanxi University of Science and Technology, Xi’ an 710021, China
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Abstract: The inherent content of calcium in milk powder was rapidly determined by using the nonlinear
chemical fingerprint method. Firstly, the inherent calcium content in three brands of milk powder was
determined by using flame atomic absorption spectrometry as described by GB 5413.21—2010 ( National
Standards of PR China). Different contents of calcium carbonate were added into the above three brands
of milk powder, respectively. Using“H* + Mn®>* + BrO, + acetone + substrates in milk powder” as
reaction system, the nonlinear chemical fingerprints of milk powder with different calcium contents were
obtained, and there was a linear relationship between the undulatory period and the total content of
calcium in milk powder, where the total content of calcium consisted of the inherent calcium content in
milk powder and the calcium content of being added into milk powder. Then, the inherent content of
calcium in milk powder was calculated by using the least square method. The results showed that the total
content of calcium in milk powder and the undulatory period value had a good linear relationship within
0.0227 ~0.032 3 g range of the total content of calcium when the total amount of milk powder was
0.9 g, the determination coefficient was 0. 995 3 ~0. 998 8, the recovery rate was 99. 18% ~101.60% ,
the RSD was 0.47% ~1.63% , and the determination range of the inherent calcium content in milk
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powder was 0 ~0. 032 3 g. The method developed has advantages of good accuracy and simple operation,

and it is a practical and feasible method for determining the inherent calcium content in milk powder. In

addition, the method can be used for reference in research on the methods for the determination of other

components in other complex samples.

Key words: milk powder; calcium content; nonlinear chemical fingerprint; linear regression method

51

BE & 22 5% 5 BB PR K R, AT AR 1 KA
T e 1 ) P Xk B A gl R H A A AR X
BT kA EE SRR EE . mno
A MATH &AW —F AR EEAE RN, L
HIZ Yk vh A LA B B, A A TR W A A
F T B4l L B AR 2 A s AN S S SR . E AT,
X W v [ A e A RS I O VR A A T R TR R R
YD 5 W o 6 G BE T o A2 T R TR R OB, &
RS R ZE R, RAEUEAR, HLI% & v FH A e e B2 J)
BEYI AN RAC SRV W, X IR s e, AR DA
JO7 P K D W WAL T 7 % ey e D T AT R, R
SRR R A (H A s B8 Bt , 5 L T AR A HOR
() IRy T 3 3 vh 2% A R DT R AL 2, I E I T 04
RGBT R T — @R 2E, MG E 71k
PPk LA R B A I 4 i A R E L E
Je M 5 TR A 7 B 5 2% WY i AL B TR 4R BB
NI, R — BB PR AR A, TS 2 B
P 2l I 7 Wk v 1A B S AU T

B — Z( Belousov & Zhabotinsky ) i 3% 5 v F) % #1
B AT IF B 3ol 2k b2 S 1 B 4 AT E 5
JE LA AL 7 45 BB 3 S — T g L AR AR AL 2 SN
Befili 2z b 3h ) 2R RS KRR AR A IR
A it A 2 BE AR 27 e SRV 2 A IR TR o
X AR LRk Al 2 i R HLEE S AR T
Hha & HEAT T BT iz TR ARSI 4l iE
THMFFE A" BT ARG kA2 45 SR g £
AEAER A POk EBMEL RS, TR
Bl AR B OCTE , 0 2 Hi 20 A7 Ak 2 UG BIF 52
Bosi o AL 2 4R 5 7 15 X B — L AR A e
BT A RS T TR E G BT E
A AR LR A A 27 48 S 1 1 00 4 oy v ] A 45 5 Y
Ao I S A AT TR AR IE o PRI, A SC AR R — A R R — T
Pl — L R B AR A J8L 20 D B AR AR, SR AR St Al o
Fi& SCIET T 0 W [ A A 8 e AT BT

1 HESHE

L1 XFIFALES
1. 00 mol/L %R 2 .1. 00 mol/L P .0. 80 mol/L J&

il

fiz4h 0. 08 mol/L i FRER VA TR \Fh R FIAR IR 45 . L 13
NI R 531 2, 7K R Z R 28R K o T AN [R) i L 37
(RARfRTAR“ 9™ ) e B PG 48 7= il ok M B A 0 A 90 BT
Pt 5 FgBAE Sy g5 TILILV .V,

BB b HE A 0 B < IBOAS [ 9 R A i 3 0,
B A O D - WS 43 01 1 B 2 DO 4 A e 1 A )
o8 VE N U R AR AT

MZ — 1B — 2 RUAE £ 1 1k 2 4 S0 B s A,
1 2 I B A R F) AR 217 B A HOR
e Al 213 B4 8 B AR, VRS 2 B2 IR A R
] ;BS 224 S AU F K, BIRER BB R A IR
A IR sy B EE T, S PE A ] .
1.2 WAHE
1201 BRAf s A5 B e 5 1n] 9 Jy R A 76 4 5

IR — SRR W AR AR 4 4y TRV AE
BRI RS 0.9 g, 43 1M A 0. 0264 | 0.0352 |
0.0427 | 0.050 4 g 1Y ik MR £5 X 5, K U A
25.00 mL Bifig .15. 00 mL P . 15. 00 mL 5 B2 4% %
AN 10. 00 mL ZE 487K o 5 4l 7 569 L A0 H B 1 I
LA i, T T 1E T 2R 40 R 1 SN A TR Rl 50°C
FE A FE B E 800 r/min, i il 32 H R AR KU, i+
1 3 min B} G 4 AUE A 5. 00 mL I8 R 414 ¥
ek E— o R WAL E S TR A o AR 40k k.
FIH Matlab 544 1 5 Br 0 45 4 4 S0 35 1) Dk 2l 4
W, R I d5e /N 3 — ST £ 1 [l U 3 4 5T U B R S
W oG 1) B B BTN AR R AR IS L 5
oy T B ) S B S R v LA S A S R P
A 2
1.2.2 SR HNRE I

XoF () i LA TR 46 O % 8, R R 0.9 ¢
WM B it RIS A BB R 5 1 RN R, TR I A
25.00 mL Bifig .15. 00 mL P . 15. 00 mL 5 B2 4% %
WA 10. 00 mL ZE 48 K, 55 S5 3 S L A A AR 19 B2
fhane RERM L1201 WA SEE ik, W 18 a0
T, R Matlab R0 5 B 0 405 493 8 S0 135S 1 % 2
JEVY 3 3 e /N 3 — 0 4Rk [ 0k kb I
A S

2 FHREUFHELEEERER
PR 201 WA SER U ik R0, 9 g i ks T



204 & A Bl B ¥ i

2016 4

BE TR 280 I 9 2 L R
A7 0 45 4 it 0 75 LA 28 44 4L 22 5 S B e 1
i, B e ~f B RS MRS~ g B k3 il
L e i1 h 42 301 h AF 2 A 2 IR 00 A 2K
P T, A £ P 2 4 50 3 R 2R A 15 8
3RV BRI AL (S B L E A B i S
2 3 50 2 TR e 3L 8 o 2 A
28 4 T T A 1 BV G 5 e A W 8 i
Ve 4RI ¢, WETR (L F,, W TSR] ¢, 5 A 4]
g VRV B, AU AL B, I o, T
WL £, TR 1] ¢, USRI AE,, K
W AE, . BNty BN 7 RO 0, S
SR IE 250 A UL SCHR[4,20]

153 X g o

AR
J H

0o e

L}
05 ] L L L. '
] 1000 2000 3000 40040 SO00
tis

BT ok I AR 2 rh Ak 2 4 S B 1 B AR R AR 15 B
Fig. 1
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Tab.1 Effects of dosages of reaction reagents in reaction system on quantitative information of

nonlinear chemical fingerprint of milk powder V

KRS L R R L I i R TR R e TN il 7% S ) (=g | e KR
- /(mol-L~1) /(mol-L~") /(mol-L1) /(mol-L~1) /s /s IV

1 0.75 0.08 0. 80 0.50 729. 498 5599. 698 0.130 6
2 1.15 0.08 0. 80 0.50 713. 598 3 621. 000 0.107 1
3 0.75 0.08 0.80 1.50 931. 602 6 609. 402 0.1325
4 1.00 0. 06 1.00 1.00 856. 998 5616. 198 0.1188
5 1.00 0.06 0. 80 1.50 1 054.20 3 188. 400 0.0702
6 1.00 0.08 0. 80 1.00 736. 002 2 874.798 0.0740
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Tab.2 Determination results of inherent calcium content in milk powder by nonlinear chemical fingerprint method

B B i — o EANAGE I ERRRIE RSD/% R
/s /g /g /g (n=3) /%

ks 1 16. 042 Tung = 140.46 (M, + AM) +12.022 0.998 8 0.0161 0.0125 0.0123 0. 56 101. 60

LAl 15.759 Tuna = 132.50( My + AM) +12.261 0.9953 0.014 1 0.0123 0.0122 1.63 100. 80

gy I 16. 176 Tuna = 113.44(My + AM) +12.679 0.997 6 0.0185 0.0123 0.0124 0.94 99. 19
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Tab.3 Determination results of inherent calcium content in milk powder I and milk powder I by

nonlinear chemical fingerprint method
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ik 1 15.597 Tuna = 140.46 (M, + AM) +12.022 0.998 8 0.0132 0.0123 0.0123 0.47 100
Wk T 15.935 7,0 =132.50(M, + AM) +12.261 0.9953 0.0156 0.012 1 0.0122 0.48 99. 18
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