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Abstract: A nonlinear chemical fingerprint method for determining the content of dextrin in milk powder was developed.
Firstly, the content of dextrin in milk powder was rapidly determined by using the dynamic nonlinear chemical fingerprint
method. Using sulfuric acid, manganese sulfate, acetone and sodium bromate as reaction system, the dextrin with different
contents was added into milk powder as milk powder standard samples. The nonlinear chemical fingerprints of milk powder
standard samples were obtained, and there was a linear relationship between inductive time or undulatory end time and the
content of dextrin in milk powder standard samples, respectively. Then, the content of dexirin in milk powder was
calculated by the least square method. The results showed that within 0 ~30% of mass fraction of dextrin, there was a good
linear relationship between the content of dextrin in milk powder and inductive time or undulatory end time, the
determination coefficient was 0. 9972 ~0. 999 1, the recovery was 94. 00% ~ 104. 89% , the relative standard deviation was
0.17% ~1.17% , the determination range of dextrin content in milk powder was 0 ~30% , and the detection limit of 1. 3 x
107 ~4.7 x 10 7* mg/g was obtained. The developed method was a practical and feasible method for determining the
content of dextrin in milk powder, and it had advantages of good accuracy, low cost, simple operation and no sample
pretreatment. In addition, the method can be used to determine the dextrin content in different batches of the same brand of

milk powder or different brands of milk powder, it can also be used as an approach for the determination of other

components in other complex samples.
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0 Introduction

Milk and dairy products are important sources of
nutrients for humans. The consumption of dairy
products is increasing year by year. Infant formula milk
powder is the most important source of nutrition for
non-breastfed babies, and it is a product with fast
growth in the consumption of dairy products''’. Dextrin

is a kind of food additive,

thickening, preserving and stabilizing food structure,

is mainly used for

improving the flavor of foods. Dextrin is polymerized
from several to dozens of glucose groups and is

intermediate of starch decomposition products, and its
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molecular formula is (C,H,,0,) 2H,0, but the length
of carbon chain is different'>’. About milk powder with
artificially added dextrin, GB10765 — 2010 * infant
formula food” clearly stipulates that the appropriate
amount of prepaste starch (including dextrin) added is
allowed, but the excess of such substance in products
is limited through lactose accounted for the total
For 6 ~ 36 months older

infants, the amount of lactose limited in the standard is

amount of carbohydrates.

not required, but the nutrient content of products must
be consistent with the provisions of the standard
products. Prepaste starch ( including dextrin ) is

allowed to be added into the infant formula from the

Supported by Projects of Science and Technology Coordinating Innovative Engineering in Shaanxi Province of China ( No. 2011KTCQ03 — 08 ),
National Science & Technology Program the Twelfth Five-year Plan Period in Rural Areas of China ( No.2012BAD12B07), Special Fund of Shaanxi

Provincial Education Department for Local Development (No. 15JF009) and Technology Transfer Demonstration Project of Science and Technology Bureau

of in Xi” an of China (No. CXY1513(7))

Corresponding author: Dong Wenbin, Professor. E-mail : dwb_dong@ sina. com. Tel: + 86 —13643892459.



2 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

Codex Alimentarius, and its addition amount shall not
exceed 30% of the total carbohydrates. European
Union on the requirements of the prepaste starch in
infant food is consistent with the provisions of the
Codex Alimentarius. In United States, Canada,
Australia and other countries, the use of prepaste
starch has no clear provisions, as long as the content of
each nutrient in infant formula meets the requirements
of the product standard. Therefore, dextrin added in
milk powder is not allowed to excess, but it must meet
the product standards. However, due to the low price
of dextrin, some manufacturers add a lot of dextrin into
infant formula with no added or less added dextrin in
order to obtain high profits. Excess dextrin added may
increase the proportion of carbohydrate of milk powder
and reduce the content of protein in milk powder.
Once infants and young children eat this kind of milk
powder, which can lead to children’s protein intake too
little, malnutrition and affect their growth and
development. Based on the above discussion, it is
necessary for the determination of dextrin content in
milk powder.

At present, detection methods of dextrin in dairy
products have color rendering method, absorbance
method, method of reducing

hydrolysis sugar,

spectrum  method,  test method, etc.

paper
Pretreatment of these methods is complicated, and the
operation is cumbersome. Thus, it is necessary to
explore a simple and low-cost method without separate
and purify of samples for determining dextrin in milk
powder.

Nonlinear chemical fingerprinting, as a new type of
fingerprint technology, is a kind of dynamic full
spectrum with abundant qualitative and quantitative
information because of its dynamic characteristics. Its
reactions include chemical turbulence, chemical
oscillation, chemical wave and chemical pattern. The
reactions phenomena have attracted the attention of
many scholars *~'?). Nonlinear chemical fingerprinting
technology is used to identify the authenticity of the
samples and to evaluate the quality of the products,
which is few reported abroad, and most of the studies
have been found in China. The proposed technology
can be used to identify and evaluate complex samples,
such as drugs and foods. The method is easy to

operate, and has great advantages in the selection of

materials and technological process. Up to now, using
“sulfuric acid — manganese sulfate — acetone — sodium
bromate” as reaction system, many research results
have been reported by nonlinear chemical fingerprint
technique, such as studying on the detection
conditions, characteristics and application of nonlinear
chemical fingerprint technology', identification of
goat, cow’ s milks and their origins by nonlinear
electrochemical fingerprint technique'"’ | simultaneous
determining content of cow and mare milks mixed with
goat milk'"* and determining calcium content in milk

15 . . . .
5] Meanwhile, there is no nonlinear chemical

powder
fingerprint reported in analysis of dextrin in milk
powder.

Therefore, in this study, using “sulfuric acid —
manganese sulfate — acetone — sodium bromate” as
reaction system, a quantitative evaluation model is
established between dextrin content in milk powder and
the characteristic parameters by nonlinear chemical
fingerprint technique and least square method.
Quantitative analysis and quality evaluation of dextrin

in infant formula is studied by using this model.
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)

chemicals used were of analytical reagent grade.

and dextrin were used. All the

Double distilled water was used throughout. In this
work, three brands of milk powder provided by the
Institute of Product Quality Supervision and Inspection
in Shaanxi Province were referred to as milk powder
1#, milk powder 2# and milk powder 3#, respectively.
The different batch of the same brand of milk powder
3# was referred to as milk powder 4#.

Preparation of standard milk powder samples: a
brand of seven standard milk powder 1# samples was
spiked with known levels of dextrin, namely, dextrin
content in milk powder 1# samples was 0, 5% , 10% ,
15% , 20% , 25% and 30% , respectively. The total
dosage of each mixed milk powder sample was 1.0 g.
Preparations of standard milk powder 2# sample, 3 #
and 4# are consistent with standard milk powder 1#
sample.

A nonlinear chemical fingerprint instrument ( Model
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MZ —1B —2) developed by Central South University
and Xiangtan Ltd. was used. A Type 217 calomel
electrode was used as reference electrode and a Type
213 platinum electrode was used as working electrode
(both were purchased from Shanghai Precision &
Scientific Instrument Co. , China). Electronic balance
( Model BS 224S) was purchased from Shanghai
Precision & Scientific Instrument Co. , China.
1.2 Experimental method
1. 2.1 Measurement of quantitative information of
standard samples and the establishment of
regression model

Totally seven standard milk powder 1# samples were
detected, respectively. The total dosage of each mixed
1.0 g.

chemical reaction mixture was prepared by mixing of

milk powder sample was The nonlinear
25 mL of sulfuric acid, 12 mL of manganese sulfate,
15 mL of acetone, 10 mL of double distilled water and
1.0 g of milk powder sample. All components of
reaction mixture was added into the reactor. The
reactor cover with two injection holes, the electrodes
and a thermometer was closed. The instrument was
then turned on, with temperature and stirring rate
adjusting to 50°C and 800 r/min, respectively. After
stirring for 3 minutes, 5 mL of sodium bromate solution
was injected into the reactor. Electric potential-time
(E —1t) curve was immediately obtained and finished
as soon as the potential oscillation disappeared.
Quantitative parameter of nonlinear chemical fingerprint
of milk powder such as inductive time, maximum
amplitude and undulatory end time were determined by
Matlab software, and a linear regression model was
established between dextrin content in milk powder and
quantitative parameter by using the least square
method.
1.2.2 Determination of unknown sample

1.0 g milk powder sample was accurately weighed
and added to the reactor, according to Section 1. 2.1
experiment method, the fingerprint of milk powder was
obtained. Inductive time and undulatory end time were
determined by Matlab software, and dextrin content

was calculated through a linear regression model

established.

2 Analysis principle of nonlinear chemical
fingerprinting technique

2.1 Experimental principle

According to the principle of chemical oscillation, in
the acidic medium and under the closed condition,
acetone, BrO, and Mn’* are organic substrate, the
oxidant and the catalyst, respectively, which forms a
“H,S0,—CH,COCH;—MnS0O,—NaBrO, ”

oscillation system. HBrO, has a self catalytic effect in

stable

the reaction process, and its formation and

disappearance affect the change of BrO; further
reduction product Br~ and metal ion oxidation product
Mn’* concentration. When the consumption of Br~
concentration and accumulation of Mn®* concentration
achieve a certain value, a series of oxidation —
reduction reaction can be caused in the system. When
the accumulation of Br~ concentration and consumption

of Mn**

of oxidation — reduction reaction also can be caused in

concentration achieve a certain value, a series

the system. Thus, the periodic variation of the redox
value in the system is formed"'®’. In the closed
system, the oscillation will eventually stop when the
energy in the system is constantly dissipated without
external energy supplement. Due to differences of
compositions and content of different brands of milk
powder, compositions of the reaction substrate are
changed when milk powder is added to this oscillation
system, which will play a role in promoting or
inhibiting the oscillation system. Because of the
differences oxidation reduction of chemical composition
in different brands of milk powder, effect of promotion
or inhibition the oscillation system is different.

Therefore, the shape and the quantitative information

of nonlinear chemical fingerprint in the corresponding

milk powder are different.

2.2 Basic information and reproducibility of
nonlinear chemical fingerprint of milk
powder

Nonlinear chemical fingerprint contained abundant
intuitive information and quantitative information.

Intuitive  information contained inductive curve,

oscillatory curve, wave crest shape and potential drift
curve, etc. Quantitative information was also the
characteristic parameter, which included inductive

time (t,,), oscillatory start potential (E_ ), canyon
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potential ( E_ ), canyon time (¢, ), peak top

potential (£ ), peak top time (), oscillatory end

( tune ) b

equilibrium potential (£, ,) , equilibrium time (¢, ),
( AEjuud )’

), wave number (n

pet

potential ( E_. ), undulatory end time

fluctuation
(AE
() » undulatory lfe (1,,,),

range maximum amplitude
), undulatory period
¢! The 0.9 g

of milk powder 1# sample without dextrin was added to

max wav

the reactor, according to Section 1.2.1 experiment
method, the fingerprint of milk powder 1# sample was
obtained. 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
and end points of reaction, respectively'”’. All of
them were described in detail in the literature [3].
Influence of the substances and their concentration in
the reaction system on nonlinear chemical fingerprint

was reported in the literature [ 15 ].
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chemical fingerprint of milk powder 1

In the same test conditions, according to Section
1.2.1
fingerprints of milk powder 1# without dextrin and milk

experiment method, nonlinear chemical
powder 1# with artificially added 15% dextrin were
obtained, andthree repeated measurements of each
sample were carried out. The nonlinear chemical
fingerprints of two kinds of milk powder had good

characteristics and reproducibility, and it could be
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(a) Milk powder 1# without dextria

E

seen from Fig.2. Because of difference of species and
concentration in milk powder, their fingerprints show

When

composition and concentration of milk powder are

corresponding  differences. differences  of

information of
On the

contrary, differences of corresponding fingerprints are

greater, differences of characteristic

corresponding fingerprints are also greater.
smaller. Based on this, characteristic difference of
nonlinear chemical fingerprint is only related to species
and concentration of milk powder.

If adulterations in milk powder exist,the content of
original constituents in milk powder is changed, which
results in difference of corresponding fingerprint. It was
obvious from Fig. 2a that the concave at left side for
inductive curve of nonlinear chemical fingerprint of
milk powder 1 # without dextrin was smaller. In
comparison, Fig. 2b indicated that the concave at left
side for inductive curve of nonlinear chemical
fingerprint of milk powder 1# with artificially added
15% dextrin was larger than the former. Therefore,
milk powder 1# without dextrin and milk powder 1#
added 15% could be

distinguished from characteristic differences of their

with artificially dextrin

nonlinear chemical fingerprints. At the same time,
good reproducibility and characteristics of nonlinear
chemical fingerprint provided necessary conditions for
quantitative analysis of adulterated milk powder.
2.3 Quantitative determination of dextrin content
in milk powder

Due to difference of species and concentration in
different brands of milk powder, the fingerprint of milk
powder showed the corresponding differences when
different amounts of dextrin were added to milk
powder. According to the actual samples, a linear
relationship might be established between dextrin
content in milk powder and quantitative information
inductive

undulatory end time,

time,

( such as
E

30.00 4000 50;)0 6000
ti's
(b) Milk powder 1# with15% dextria

0 1000 2000

Fig.2 Reproducibility and characteristic difference of nonlinear chemical fingerprints of milk powder 1
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undulatory period or maximum amplitude) , which was
decided based on determining kinetic information of

nonlinear chemical reaction of samples by using

nonlinear chemical fingerprint. In this paper, milk

powder 1# samplewas analyzed by nonlinear chemical

fingerprint method. There was a good linear

relationship between dextrin content in milk powder
and inductive time when dexirin content was in the
range of 0 ~30% . It could be seen from the curve a in
Fig.3. When dextrin content exceeded 30% , it could
lead to deviation from the linear relationship. It could

be seen from the curve b in Fig. 3.
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Mass fraction of dextrin/%a
Fig.3 Effects of dextrin content in milk powder 1 on

inductive time of nonlinear chemical fingerprint

Fingerprint characteristics of mixed milk powder and
characteristics of pure milk powderwere significantly
different when milk powder with different content of
dextrin. Therefore, in this study, nonlinear chemical
fingerprints of milk powder with artificially added

dextrin were obtained, and the corresponding milk

E
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(a) Integral graphics

powder was distinguished and evaluated by using the
linear regression model between dextrin content in milk

powder and characteristic parameter.
3 Results and discussion

3.1 Effect of different amount of additive on

characteristic information of nonlinear
chemical fingerprint of milk powder

According to Section 1.2.1 experiment method,
1.0 g of milk powder 1# samples were prepared and
analyzed. Effects of dextrin content on characteristic
information of nonlinear chemical fingerprint of milk
powder 1 # were shown in Fig. 4. The position of
induction time for each fingerprint was indicated by a
black arrow. Fig. 4b was the local inductive and
undulatory curve of corresponding nonlinear chemical
fingerprint in milk powder 1# in the range of 600 ~
1000s. With the

induction time of

increase of dexirin content,

corresponding  fingerprint  was
gradually shortened. At the same time, different first
peak time of each fingerprint was different. Due to the
increase of dextrin content, the composition of reaction
substrate was changed. Effect of dextrin content on
inhibition of nonlinear chemical reaction was gradually
weakened, which led to the different corresponding

induction time.
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Fig.4 Effects of dextrin content on inductive time of nonlinear chemical fingerprint of milk powder 1

Alinear relationship between dextrin content in milk
powder 1 # and inductive time was obtained when
dextrin content was in the range of 0 ~30% (Fig.5).
The information provided necessary condition for
determination of dextrin content in milk powder.

3.2 Determination of dextrin content in milk
powder by nonlinear chemical fingerprint
method

In this study, the experimental method of 1. 2. 1 was

used, and nonlinear chemical fingerprints of milk
powder 1# with artificially added dextrin were obtained
Mass

fraction C of dextrin in milk powder could be calculated

by nonlinear chemical fingerprint method.
on the basis of the linear relationship between dextrin
content in milk powder and inductive time through the
corresponding fitting equations in Fig.5, and the

results were showed in Tab. 1.
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Fig.5 Linear relationship between dextrin content in milk

powder 1 and inductive time of nonlinear chemical fingerprint

As observed from Tab.1, the relative standard
deviation (RSD) of all samples was less than or equal
to 1. 17% , indicating a higher precision. The recovery
and 104.89% , and it

indicated that the method had better accuracy. The

rate was between 94. 00%

results confirmed that the method could be applied to
detection of dextrin in milk powder and further
indicated that it provided the basis for evaluation and

detection of other components in samples.

Tab.1 Results of dextrin content in milk powder 1 by nonlinear chemical fingerprint method

Samples No. tina/8 Regression equation Found/ % Actual value/% RSD/ % Recovery/ % Evaluation results
1 878.15 0.045 0 0.29 Pure milk powder
2 876.64 0.610 0.60 0.38 101. 67 Pure milk powder
3 875.79 0.940 1.00 0.95 94.00 Pure milk powder
g = —265.22C +878.27 .
4 830. 66 17.950 18.00 0.59 99.72 17.95% dextrin
5 821.99 21.220 21.00 1.17 101.05 21.22% dextrin
6 800. 38 29.370 28.00 1.01 104. 89 29.37% dextrin

3.3 Verification experiment

To further verify the feasibility and reliability of the
proposed method, milk powder 2#, milk powder 3 #
and milk powder 4# were spiked with different content
added in
corresponding milk powder was 6% , 13% and 22% ,

of dextrin, namely, dexirin content

respectively. The experimental method of Section
1.2. 1 was used, and the experiments were carried out
in triplicate. The total dosage of each mixed milk
powder sample was 1. 0 g. Effects of dextrin content on
characteristic  information of nonlinear chemical
fingerprint of milk powder 2# and milk powder 3# were
shown in Fig. 6 and Fig. 7, respectively. The linear
relationships between dextrin content in corresponding
milk powder and inductive time, undulatory end time
were shown in Fig. 8 when dextrin content in milk

powder 2# and milk powder 3# were in the range of 0 ~
E

| [l
: . —0  —13%
Mass fraction of dextrin — 3% —é %
—10%'_

0 1000 2000 3000 4000 5000
tls

(a) Integral graphics

30% . The regression equations were ¢, =513.22C +
631.93 and ¢,,, = —5 583C +4 572.9, respectively.

The coefficients of determination R* were 0. 997 2 and
0.998 1, respectively. Dextrin content in milk powder
2#, milk powder 3# and milk powder 4# was calculated
by corresponding regression equations, respectively,
which was shown in Tab. 2.

The results showed that the proposed method was
feasible for determining dextrin content in milk
powder. At the same time, the regression equation
established was applied as a permanent calibration
model for the same brand of milk powder. Dextrin
content in different batches of the same brand of milk
powder could be calculated as long as characteristic
parameter of corresponding milk  powder was
determined under the same experimental condition by

and milk

using corresponding regression equation,
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Fig.6 Effects of dextrin content on inductive time of nonlinear chemical fingerprint of milk powder 2
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Fig.7 Effects of dextrin content on undulatory end time of nonlinear chemical fingerprint of milk powder 3

powder quality could be analyzed and identified. For
example, undulatory end time of milk powder 4# with
artificially added 6% , 13% and 22% dextrin was
obtained by nonlinear chemical fingerprint method,
respectively, and they were substituted into the fitting
equation of milk powder 3#, namely, ¢, . = -5 583C +
4572.9. The results were shown in Tab. 2. Nonlinear
chemical fingerprints of corresponding milk powder 4#
The

indicated that the method could be applied to detection

were shown in Fig.9, respectively. results

dextrin content in different batches of the same brand

of milk powder.
5000

=8~ Undulatory end time

=~ Inductive ti
§ 4500 ve time 750 .,
700 2
5 3500 §
3 650
5 3000
i i A N " 600
=0 0 5 10 15 20 25 30
Mass fraction of dextrin/®

Fig.8 Linear relationship between dextrin content in milk
powder and quantitative information of nonlinear

chemical fingerprint

Tab.2 Results of dextrin content in milk powder by nonlinear chemical fingerprint method

Sample lind/'s Found/ % Actual value/% RSD/ % Recovery/% Evaluation results

662. 66 5.99 6.00 0.38 99.83 5.99% dextrin

Milk powder 2# 693.31 11.96 13.00 0.67 99.67 11.96% dextrin
746.27 22.28 22.00 0.81 101.27 22.28% dextrin

4242. 60 5.92 6.00 0.23 98.67 5.92% dextrin

Milk powder 3# 3867. 86 12.63 13.00 0.95 97.15 12.63% dextrin
3340.59 22.07 22.00 0.17 100. 32 22.07% dextrin

4222.85 6.27 6.00 0.77 104.50 6.27% dextrin

Milk powder 4# 3840.97 13.11 13.00 0.30 100. 85 13.11% dextrin
3361.95 21.69 22.00 0.29 98.59 21.69% dextrin

| [—,,
=
W
N
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
tls tls
(a) Milk powder 4# with 6% dextrin (b) Milk powder 4# with 13% dextrin () Milk powder 4# with 22% dextrin

Fig.9 Effects of dextrin content on nonlinear chemical fingerprints of milk powder 4

3.4 Detection range and limit of detection of
dextrin content in milk powder

The amount of dextrin in milk powder is generally

not more than 20% in the market, namely, per 100 g

of milk powder is not more than 20 g. In this study,

mass fraction of dextrin is in the range of 0 ~30% ,
namely, per 100 g of milk powder with dextrin of 0 ~
30 g can be detected. According to the calculation

t[17—20]

method of detection limi , in this study, milk

powder 1#, milk powder 2# and milk powder 3# were
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analyzed, and eight repeated measurements of each
sample were carried out. Detection limits of three kinds
of milk powder were shown in Tab.3. As observed
from Tab. 3, the detection limits for milk powder with
artificially added dextrin were greater than or equal to
1.3 x 10 mg/g, and determined results had high
confidence level. In fact, the amount of dextrin in milk
powder is generally more than 10 mg/g in the

]

market”''. Therefore, milk powder is referred to pure

milk when the amount of dexirin in milk powder is less

than or equal to 10 mg/g. Based on the above
discussion, the proposed method was feasible for
quantitative analysis and quality evaluation of milk
powder with artificially added dextrin by using
nonlinear chemical fingerprint method, and had high
accuracy and precision. The detection range was in the
range of 0 ~30% , and detection limit was 1.3 x 107 ~
4.7 x 107 mg/g.

provided a basis for detection of milk powder with

In addition, the method also

artificially added dextrin.

Tab.3 Detection limits of dextrin content in milk powder

Dextrin content in the Mean value of Standard Detection limit/
Sample Temperature/ C
lowest concentration/mg response signal/s deviation (mg-g~")
Milk powder 1# 50 1.00 878.28 0.75 2.6x1073
Milk powder 2# 50 1.00 633.98 0.99 4.7x1073
Milk powder 3# 50 1.00 4577.80 1.91 1.3x107?

4 Conclusions

(1) Milk powder with artificially added dextrin was

quantitative analyzed by using “ sulfuric acid-

manganese sulfate-acetone-sodium bromate” reaction
system. A quantitative relation was established between
dextrin content in milk powder and quantitative
parameters of nonlinear chemical fingerprint of
corresponding milk powder (such as inductive time and
undulatory end time ), and dextrin content in milk
powder could be detected by firstly established
regression equation.

(2) Experimental results showed that the proposed
method had higher precision and accuracy. The method
could not only be used to determine dextrin content in
different brands of milk powder or different batches of
the same brand of milk powder, but also be used to
determine the content of other substances in complex
samples. At the same time, the established regression
equation was applied as a permanent calibration model
instead of the long-term preservation of standard milk
powder sample. Dextrin content in different batches of
the same brand of milk powder could be calculated as
long as characteristic parameter of corresponding milk
powder was determined by using corresponding
regression equation, and milk powder quality could be
analyzed and identified.

(3) In the study, the proposed method had the
operation, without sample

advantages of simple

pretreatment and low cost. The method provided a kind
of new approach for detecting dextrin content in milk

powder.
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Detection of Dextrin Content in Milk Powder Based on

Dynamic Nonlinear Chemical Fingerprint Method
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Abstract; A nonlinear chemical fingerprint method for determining the content of dextrin in milk powder
was developed. Firstly, the content of dextrin in milk powder was rapidly determined by using the
dynamic nonlinear chemical fingerprint method. Using sulfuric acid, manganese sulfate, acetone and
sodium bromate as reaction system, the dextrin with different contents was added into milk powder as milk
powder standard samples. The nonlinear chemical fingerprints of milk powder standard samples were
obtained, and there was a linear relationship between inductive time or undulatory end time and the
content of dextrin in milk powder standard samples, respectively. Then, the content of dexirin in milk
powder was calculated by the least square method. The results showed that within 0 ~30% of mass
fraction of dextrin, there was a good linear relationship between the content of dextrin in milk powder and
inductive time or undulatory end time, the determination coefficient was 0. 9972 ~0.999 1, the recovery
was 94.00% ~104. 89% , the relative standard deviation was 0. 17% ~1.17% , the determination range
of dextrin content in milk powder was 0 ~30% , and the detection limit of 1.3 x10 " ~4.7 x 10 > mg/g

was obtained. The developed method was a practical and feasible method for determining the content of
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dextrin in milk powder, and it had advantages of good accuracy, low cost, simple operation and no

sample pretreatment. In addition, the method can be used to determine the dextrin content in different

batches of the same brand of milk powder or different brands of milk powder, it can also be used as an

approach for the determination of other components in other complex samples.

Key words: milk powder; dextrin; linear regression method; dynamic nonlinear chemical fingerprint
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Fig. 1 Basic characteristic information of nonlinear

chemical fingerprint of milk powder 1
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Fig.2  Reproducibility and characteristic difference of nonlinear chemical fingerprints of milk powder 1
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inductive time of nonlinear chemical fingerprint

WA A [R] 5 9 WIS BB I, R A R
5 SRR AE -5 20 5 A9 RFAE IR AN TR o D i, AR ST
A Ao ) AT TS A T IS I TR S R
(19 45 SCIET T, M X 26 4% SBT3 A R R S S IR A
Wk ORI 5 i [ 2 [l UF oG R AL X AR B
WyR AT 28 5 M E PP

3 XWERSH

3.1 REFRME XY S E & IR B AR 0
HER AR L 1.00 g 19 1 S5 058y 7 AR AR, %

E

\ o
IR R A — 9% :%g%
. . o 10% = )
0 1000 m; 3000 4000 5000
t's
(a) ¥4HE

12,1 1 S 56 J5 60 4R s i . 1 5 ik
RIS VS 0 i %] i 20 L3 R AE A U2 52 ) L (&L 4, 8]
HHET Sk R T AL E o B 4b SR B 4a HH LY 4R
2 B384y BITE 600 ~ 1000 s B B 35 43 175 5 1t 28 i
Sl £ 1A, 1 & 4b R, B BRSS9 150, AH N Y
& SIS 10 175 5 B[] 7 328 T 48 e, TR) B A R 5
1A~ e A ) AN ) A, A 3k s o 3k 2t TR oA i
B WDRE U i (R 180, BN W 4 4 & A S R
A AR R Ak 2 B B A R A 5, DA T AR
SR L )5 3 B B) A7 7E 22 57 o

LA HS I IR BT 4 BULE O ~ 30% i
BE 15 0 1 Al 2 1 Ak 27 48 SRS 19 A 2 507
S ISF () 55 R L R R S TR 1) A R R A
ERPEC R VIS P, X 2645 5 I 2 038 b s i
RIRG & s PR AL T B A1
3.2 dEL&ME 5 LU E K W E 9 # R AR 0 A

FIRAE LML 2 48 Sr B S L  He IR 1. 2.1 5 Y
SEEG TR I T 1S R IR A TR R 1l 4R
PEA 246 LB 1 AR TR A 05 8 AR 2k 1 b 2 48U R
T )RR S 500755 B ) 55 40 RO 409 4 e O o ) RS
A NS 3D T BUN IR Y VAR VS
A SR AH R 475 A S I RORS BT 4 B C SR B 2
Rz,

MR 1Rl e 5 R0 A T B v e 22 AE

—— NN

A AN
I — AP

—0
mﬁﬁii'ﬁ'ﬁl_ ?63{0 =

600 650 T00 750 8O0 850 900 950 1000
ts
(b) #5H

B4 OBIRS S i X 1S 0 AR S AL 2 4 SR T ] 19 3 R
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Fig. 6  Effects of dextrin content on inductive time of nonlinear chemical fingerprint of milk powder 2
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