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Abstract ?”

In this paper raw milk was taken as the research object, smg mi r@pectrum
analysis method rapidly tests protein and fat content i m|Ik th@estabhshmg
guantitative analysis model. First of all, researchers ¢ of ravl milk which is
different areas and varieties in Heilongjiang p and 4 samples into
calibration sets and validation sets by standard ch I testl ectral scanning on
protein and fat, and calibration sets contain 64,samples, dation sets contain 20
samples. Then, denoising by second derivatiye, method V@deow size is 17 points,
and selecting method by comparing SPA @ A cha cteristic wavelength respectively,
and establishing PLS model and mod A0NStr, entually, researchers draw the
conclusion that SPA wavelength seI% methﬁ&\ch value of m_max is 10 and GA
wavelength selection method alue luat is 10d can effectlvely improve
validation set model precisbq&u precM& the former is higher and characteristic
wavelength is least, and its characteristi elength point reduces from 220 to 4, R? of
protein model validatiof/Sgt is 0.8 % RMSEP is 0.0207505, R* of fat model
validation set is 0.91 , RMSEP is 0.045329, relative standard deviation RSD<3%.
These prove that t?\ od far esting of raw milk components is feasible.

Keywor@ milk, @tein, fat, mid-infrared spectrum, successive projections
algorithm

1. Introductio @'

Dairy produ uality safety incidents often happened in China in recent year. It
doesn’t o irectly affect the physical and mental health of citizens, and seriously hurt
consum fidence in domestic dairy products quality and safety, greatly reduce the
e of domestic dairy products, and lead to huge economic losses to dairy
processing industry in China. Raw milk usually refers to the fresh milk, that is to
at it is fresh milk which is from cows breast extrusion without processing. It is base
in the process of dairy production, therefore, raw milk components testing has vital
significance to dairy products quality and safety control.

In the process of raw milk purchase and production management, manufacturers need
rapidly and accurately test mainly content of raw milk, and protein and fat are the core
indicators of measuring milk quality. Protein in raw milk mainly is casein protein,
albumin, globulin, and lacto-protein etc. They are a kind of complete protein which
digestibility is 98% above, and have very high biological titer, and contain all the
essential amino acids which need the body growth. Fat in raw milk is natural fat which
has unique biological properties and fat of high nutritional value. It contains short chain
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and medium-chain fatty acids of easy absorption and utilization, and its melting point is
very low, and it is easy to digest and absorb because fat ball particles are minimal and
highly dispersed milk melt shape, and contain a large number of fat-soluble vitamins.

At present, in aspect of raw milk components testing, traditional chemical analysis
method is dominant, and they include Kjeldahl Nitrogen Determination method, Lowry
method, and Rose-Gottlieb method, and Gerber’s method, and Babcocok test method etc.
[1-3]. As conventional testing method, they have mature technology and high accuracy,
but they exist some problems, for example, testing process is complex, and testing time is
longer, and testing cost is higher, and these methods can not realize online analysis and so
on. Therefore, traditional chemical analysis method is very difficult to get a lot of
samples’ component in a short period of time.

Using infrared spectroscopy online testing component-content of raw milk is a hot
issue. Comparing with traditional chemical analysis method, this method 60
following advantages: testing speed is fast, no pollution, no sample pretreat d

realizing online rapidly testing. So the method widely applies in raw mi onent
testing [4-8]. This paper tests protein and fat contents in raw milk ourier

transform infrared spectroscopy. % @
2. Materials and Methods OQ

2.1. Experiment Sample Preparation
Qch is

The paper collects 84 kinds of raw, nt areas and varieties in
Heilongjiang province, and each variet \ ded in | gual two (350ml), and sample’s
label has not been used, and the total j am

Chemical calibration of samp ainly an%&protem and fat in raw milk.
sd

determination method is as foll

Principle: the protein in is decomp @under the condition of catalytic heating,
and ammonia and sulfurig, acid which{g®egeérate through decomposition combine and
generate ammomum%Q Alkaline distillation let ammonia dissociate, then it is

titrated by hydroc id stan solution after absorbing by boric acid, and the acid
consumption mu y th iICent factor is the protein content.

1) Thed ion metho rotein-Kjeldahlmethod [9]

1) Reag

(D Cus “NaOH

(2) Boric a(:|d sofUbor (20g/L) H3BOs: Taking 20 g boric acid, and adding water to

dissolve and dil 00 ml.
(3) NaOH 5@1 (400g/L), Taking 400 g NaOH and putting cold and diluting to
1000 ml after adding water dissolves.
O oric acid (HCI) standard solution (0.05mol/L)
I red ethanol solution: Taking 0.1 g methyl red, and soluble in ethanol, and
@&%O ml with 95% ethanol.
% Bromocresol green ethanol solution (1g/L) Taking 0.1 g bromocresol green, and
ble in ethanol, and diluting to 100 ml with 95% ethanol.
(7) Methyl red - bromocresol green mixed indicator: mixed with 1:5 when using
2) Determination
(1) Sample processing (digestion): accurately taking hydrolyzed collagen 0.5 g
(precision is 0.0001g), CuSO, 0.2g, and K,SO, 6g into dry clean kjeldahl nitrogen pipe,
and the pipe is put on digestive furnace, and adding H,SO, solution 20ml and cover with
the lid. Opening digestive furnace (set temperature 400°C), the instrument reaches setting

temperature about 20 minutes, then starts timing, and cuts power and puts cold after
sample digestion finishes (needs 2 to 3 hours, blue-green liquid and clear and transparent).
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(2) Distillation and absorption: The digested sample is transferred to 100ml volumetric
flask, and adding water diluted to 100ml volumetric flask and shaken and spare, while
doing blank experiment. Adding boric acid(20g/L) 50ml and 10D methyl red-bromocresol
green mixed indicator to the flask, and opening the power switch of Kjeldahl Nitrogen
Determination Instrument and the cooling water, and setting the alkali(40% NaOH
solution) time and distillation time respectively is 7 seconds and 6 minutes. Taking the
constant volume solution 10ml to digestive tube and placing to the corresponding
position. Then closing safety door, and adding alkali and distillation after starting button
and preheating 3 minutes. When absorption liquid is neutral, stopping absorption, and
titrating receiving solution with 0.05mol/L hydrochloric acid standard solution, and the
color from green to gray red is the end of the titration, and recording the volume of
hydrochloric acid consumption.

3) Computation
o Nx(Vi-v2)x0014 _ o Y%
M x10/100 0

N: Equivalent concentration of sulfuric acid or hydrochigri cid sta
V1: Volume of sulfuric acid or hydrochloric aci ard%

consumption, the unit is ml;
V2: Volume of sulfuric acid or hydrochloric a ndarde for reagent blank

consumption, the unit is ml;
0.014: 1IN sulfuric acid or hydrochloriggsi standé@ution is equal tolml the
number of nitrogen; ¢
M: Sample quality (volume), G (M \ o @
F: Conversion of nitrogen to protéig. Fhe con the protein in nitrogen is generally
oefficient t& co

15 to 17.6 percent. Multiply 16%6 fficient mpute the content of nitrogen. The
coefficient is 6.25 for protei 38 for dai ducts , 5.70 for flour, 6.24 for cornand
sorghum, 5.46 for peanut, 5.95 for me

¥1 for soybeans and their products, 6.25 for
meat and meat products@B for ba millet, oats, rye, and 5.30 for sesame seeds,
sunflower. .

(2) The determm% met -Soxhlet method [10]
Principle: he@q les were extracted with anhydrous, petroleum or other solvents, and
then were . There tter is called fat or crude fat. The rest matter also contains
pigment anthuefatile OW

free fat.

1) Reagents @

D Anhydro@r or petroleum ether

(2) Sea send: Shown in GB 5009.3-85

OF xtractor

2) d

mple handling
1d samples. Weigh 2-5g accurately, which are determined water. Mix with sea sand
if Wécessary. Put all into cylinder filter.

Semi liquid or solid samples. Weigh 5.0-10.0g, put into evaporating dish, join the sand
about 20g and dry in a boiling water bath. Then dry again at 95-105°C. Grind into fine,
and move all into the filter tube. Wipe the evaporation dish and glass rod with the sample
with ether cotton, and put the cotton into the filter paper tube.

(2) Extraction

Put filter tube into the fat extractor extraction tube. Connect receiving flask which is
dried to constant weight. Add anhydrous ethyl ether and petroleum ether to the bottle
volume 2 / 3 from the upper end of extracting the condenser tube. Heat on water bath in

, resin and other things. The fat from extraction method is
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order to make ethyl ether and petroleum ether continuous reflux extraction. The time is
usually from 6 to 12h.

(3) Weighing

Take the receiving flask down and recycle ethyl ether and petroleum ether. Dry in a
water bath when the left ethyl ether is 1-2mL, and dry for 2 hours at 95-105°C. Weigh
after cooling 0.5h.

3) Computation

m,—m
X =—2—2x100
m2
X-The content of fat in the sample (%);
m1-The quality of accept bottle and fat (g);
m2-The quality of accept bottle (g);

m-The quality of sample (Before determining water) (g). ?y
2.2. Sample Classification Q
Ideal calibration sets should meet the following condi 'ﬁSﬁmplQ? Ibration set
tin su

should include all the chemical compositions which m i a samples and
their concentration (or properties) range shetile Qe' over uring samples.
Physicochemical parameters of samples in calibre set sh evenly distributed.

The sample composition is Gaussian distribition in the_actual production process,

especially in the large scale industrial processes, I additiop=t#i® number of samples in the
to statiiéica determine the quantitative

*

calibration set should be enough to be ale)
the physical parameters to be

selected samples. Only accotdi the f the distribution of calibration samples
are also not getting satisfact r% cause there are possible existing great
t

functional relationship between the s varial
corrected. { 5 s%

Random Selection is diﬁic:j(t@ ideal sample set using the method of randomly
differences between t amples’ ral with a certain property. At present,
Kennard-Stone selecti od is the most commonly used method [11].

According to t N al f od, the raw milk is classified by the Kennard-Stone

algorithm, and tife\qost repres ivé samples are selected as the calibration set. Sample

distributio able 2- e Tormer is used as a calibration set for modeling, and the
latter is us a vali et for validation of the model. Value in table represents
percentage of conte
Distribution uni y of the calibration set and validation set is shown in Table 1.
Validation set es are distributed in the range of calibration set. Average of
validation set is‘¢lose to average of calibration set. Protein contents coner from 2.82 to
3.39, fat &%a{s cover from 3.28 to 4.18.
Table 1. Protein Content Statistics of Raw Milk
mple Classification Component Samples No.  Range/(%) Mean/(%)
Raw milk Protein 84 2.82-3.39 3.10
Calibration sets Protein 64 2.82-3.39 3.11
Validation sets Protein 20 2.94-3.16 3.07
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Table 2. Fat Content Statistics of Raw Milk

Sample Classification Component Samples No.  Range/(%) Mean/(%)
Raw milk Fat 84 3.28-4.18 3.71
Calibration sets Fat 64 3.28-4.18 3.72
Validation sets Fat 20 3.44-4.01 3.68

2.3. Spectral Acquisition

In the experiment using Thermo's Antaris Il near-infrared spectrometers scan for raw
milk, which range from 2564nm to 25000nm (3900cm™-400cm™) the resolution of
16cm™. Respectively, using sweep surface mode of liquid transmission, air is used as a
comparison object sphere scanning. Before sample surface scanning, we set the number of,
background scan 64 times and experiment scan 64 times. Its sample scan results?r%(n

in Figure 1, as sequence is raw milk spectrum.
o O

8 T T T T L*Q

7

K

Absorbance

000 N 1400 § 1900 2400 2000 3400 3900

Wawelength cm-1

O Fi& Absorption Spectra of Raw Milk

3. Results an@mcussion

on to its own information, the near infrared spectrum of the sample also
many other irrelevant information and noise, such as electrical signal noise,
b round noise and stray light. Therefore, how to eliminate the irrelevant information
and noise of the spectral data is a very important pretreatment method in the process of
establishing the model. In this paper, the SNV method and second derivative
transformation method are compared.

(1) Standard normal variable transformation(SNV)

Standard normal variable transformation (SNV) is mainly used to eliminate the effect
of solid particle size, surface scattering and optical path difference of spectra. Calculation
formula of SNV is same as the standardization’s. The difference between them is that the
standard algorithm is to deal with a group of spectra and SNV is to deal with a whole
spectrum. There are varieties of algorithms for process of normalization, including the
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area of normalization, maximum normalization and average normalization method. The
vector normalization is common used in the process of spectrum analysis. So SNV is used
to remove the noise in this paper. The result after denoising is shown in Figure 2.

8 T 3 T 3 T 3 35

3

251

Absorbance
Absorbance

400 960 : 14f00 lQrOO 2;0 29r00 34’00 3900 00 5r0 10 rO 150 200 250 ; r?y
Wawelength cm-1 Wavelength cm-1
a. Original Spectral Image b. Spectral Ima e t
Figure 2. Original Spectral Image and Spectra e aft othing

(2) Derivative denoising @

Derivative is also a very common denoising m Whlch\% minate the baseline

drift of spectrum and overcome the overlap ectral b erivative processing is

divided into first-order derivative and seco ivative, |\ ch the former can remove

drift independent from the wavelength,” e Iatte emove drift dependent with

wavelength. Direct finite difference @ is CX used in the derivation of the
r

discrete spectrum. for the dlscre um % Iculate first-order derivative and
second derivative as follow &E When ngth equals to k, differential width

equals to g. Smooth before tive, |n o eliminate the noise caused by spectral
transform.

Savitzky-Golay con n derl method is used in this paper, result after
derivative is showrri né ;bure 3.Smo th with 15 points after spectral derivative, in order to
eliminate 5|gnal b ative. Verify derivative processing with 17 points
after smoothing S ectrum Its are shown in Figure 4 and Figure 5. Protein model
interaction jation guare error root (RMSECV) was 0.5669495, and the
validation set=thean s ror root (RMSEP) was 0.0717114. Fat model interaction

square error root

P) is 0.0940966.

validation meals(f;@ ror root (RMSECV) is 0.6796574, the validation set mean

0.8

0.6

0.4

0.2

Absorbance

0.2

0.4

Pl r PR r c 0.6 r r r r L r
400 900 1400 1900 2400 2900 3400 3900 400 900 1400 1900 2400 2900 3400 3900

Wavelength cm-1 Wavelength cm-1

a. Original Spectral Image b. Spectral Image after Derivative

Figure 3. Original Spectral Image and Spectral Image after Derivative
Transformation Smoothing
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R-Square=0.5669495
RMSE=0.0717114
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Figure 4. Validation Results of Protein Calibr@ del a noising

4.4 O \V
R-Square=0.6796574
RMSE=0.0940966
Slope=0.7896327 * 6
Offset=0.771637
O \ 043

4.2 L J

Figu@ lidation Results of Fat Calibration Model after Denoising

racteristic Wavelength Selection
% Successive projections algorithm (SPA)

Successive projections algorithm (SPA) is a forward selection method. it can find the
minimum redundancy information variable set from the spectrum information to reduce
the modeling process variables and colinearity between variables. The application of
continuous projection algorithm can reduce extent model fitting process complexity, and
speed up the fitting operation [12-13].

In this paper, according to the spectral information in different wavelength range,
select the results of wavelength selection under the condition of m_max =10. Wavelength

selection results are shown in Figure 6. The wavelength points reduce to 4 from 220.
Fitting speed and efficiency of model is greatly accelerated. It could be seen from Table3
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that the validation set coefficient R® increased to 0.785193, RMSEP reduces to
0.02093391, and validation set coefficient R? of fat model increased to 0.8456811,
RMSEP reduces to 0.0649325.

First calibration object
D Selected variables

Tl H m\q’m

” ul AN “H I j;'

Figure 6. Chosen Wavelength Poin SPA N{ Max=10

Table 3. Model ValiFa@ Resm@SPA
Wavelength cm™ Compoéb\!:acto RMSEP
400-3900 0 785193 0.02093391

400-3900 Fat 0.8456811  0.0649325

(2) Genetic algorith
Genetic algori @ is pro by Holland in 1975 and based on natural selection
A

and genetic regu k bjectlve function value, eliminate worse variables,
and ultim a eve esults by using selection, crossover and mutation
operation . tlc iterati

Genetic algdrithm (
and mutation and th

|II experience coding, initial population, selection, crossover

ss function in process spectral band selection. In this paper, we
set maximum g ns as 100, population size as 30, crossover rate as 50%, variation
rate as 1%. Ch@inary encoding and roulette method. according to individual fitness
he current population size based on the mean square error (mse) to select,

ructuring mode selection single-point cross, cross before advanced
atching, choose randomly matched way, mutation methods of uniform
fitness function selection "F = RMSE" !, The wavelength selection result is

%w in Figure 7.
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Figure 7. Wavelength Selection Results by GA in the Condition Evalua?lo,

Validate the model with 10 evaluation times. Through the Table4 we found t en
the estimated number is 10, protein model characteristic wavelengths reducgéd 220 to
10, fat model characteristic wavelengths reduce from 220 td\11,Root are error
(RMSEP) of protein model calibration set decreased to %3237, termination
coefficient R® increased to 0.7193055, root mean reserror ( of fat model
calibration set decreased to 0.0859908, and det@ on R? increased to

0.7310928.

Table 4. Model \(ale@w Resu&i GA

(cm?)

A J

(%)

273,216R60, 272, 349, 259,

400-3900 10 hqgw @261, o7 124 0.7193055  0.0493237
10 ®Fa
Q8

Wavelength Evaluate Component (Q\Nav@@ nts R? RMSEP

, 274,261, 272, 260, 262,
400-3900 t 246,304, 349, 251, 287 0-7310928 ~ 0.0859908
\\'
3.3. Quantitesi alysis Mo
Partial | uares on (PLSR) is a new kind of multivariate statistics analysis

methods. It mainly he more dependent variable regression modeling of multiple
variables. Especi en the internal height linearly dependent variables, partial least
squares regre ethod is more effective. In addition, the partial least-square
regression hetteNsolve the problem such as sample number less than the number of
variables.\i&s paper, quantitative analysis model is established by using PLS, validated

ation set, the result is shown in figure. Choose 64 samples as calibration set,
as a validation set. From the Table4, we can see that determination coefficient
rotein validation is 0.8010929, the root mean square error of validation set
EV) is 0.0459126, determination coefficient R? of protein validation is 0.9100798,
the root mean square error of validation set (RMSEV) is 0.0459126.

Table 4. Model Validation Results of PLS

Wavelength cm-1  Component R‘C RMSEC RV RMSEV
400-3900 Protein  0.7717302 0.0459126 0.8010929 0.0207505
400-3900 Fat 0.8163694 0.0716456 0.9100798 0.0453295
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R-Square=0.8010929
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@Figure 9. Validation Results of Fat Model

-

4. C@ sion
@v paper has researched on raw milk component by mid-infrared spectrum analysis
od (400-3900cm™), and respectively established quantitative model based on protein
and fat in raw milk. Meanwhile, 84 samples were classified into calibration set and
validation set, and they respectively contained 64 samples and 20 samples. Finally,
validation set R? of protein validation model is 0.8010929 and validation set RMSEP is
0.0207505, and validation set R® of fat validation model is 0.91007989 and validation set
RMSEP is 0.045329.
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