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Abstract: In order to establish a new method for nondestructive evaluation of bovine whey protein function based on

odor information, the gas sensor array of electronic nose (E-nose) was used to track the flavor of fecal samples of
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mice affected by bovine whey. The results showed that compared with the NS group, the superoxide dismutase
(SOD) activity in the serum of the bovine whey protein test group was increased, and the malondialdehyde (MDA )
content was significantly decreased. The bovine whey protein has antioxidant capacity in the mouse serum. The elec-
tronic nose experiment showed that the effects of sample weight, headspace generation time, headspace generation
volume and flow rate carrier gas on the response signal of the sensor were studied by one-way ANOVA. It was found
that the response of E-nose sensors was affected by sample weight, headspace generation time, headspace generation
volume and flow rate carrier gas significantly, except for S5. The experiment condition for E-nose was optimized as
followed: 1 sample, 10 min of headspace generation time, 150 mL of headspace generation volume and 200 mL -
min " of carrier gas flow rate. To distinguish the difference of doses of bovine whey protein and control group, princi-
ple component analysis (PCA) and canonical discriminant analysis ( CDA) could discriminate the samples of differ-
ent groups, and could distinguish the fecal samples of mice of different cycle groups with different gavage doses. For
the prediction of the weight, the multiple linear regression analysis ( MLR) was employed, and effect predictive mod-
el was built for weight (R* =0.122 7), the effect was acceptable. The typical correlation analysis results showed
that the odor information of electronic stool had an excellent correlation with its physiological indicators, and the cor-
relation was strong. Based on the odor of fecal samples of mice, it’s possible to distinguish the effect of bovine whey

protein treatment with the controls, providing an idea for the non-invasive evaluation of functional food in vivo.

Key words: electronic nose; bovine whey protein; odor information; aging mice; non-invasive evaluation

FLI 5 H (whey protein ) J 3L H B % 25 H 41
ZANEE R S SRR, HOA P R B A
ﬁr$ﬁﬁ%9§qi Fkﬂ%ﬁH¥$“] g AR 1t TR A i g K
B A P b S g, AT 4Ry
BLAAAG RG22 475 , 30 7 486 i 7 1 2 e, 32
et B 0 1 i A T AR X S [ I AR i
HERBE T MR AN AR 5
H kb 5857 2 — , FLIE A AR I R YT Bl T
AEFp R s ML Sz 7, Pi e RELE AR
R T B IRE R D AR,
H AT, 437075 8 B n DR AR A oY, £ R
Tob T B AR S 50 R A AR PRI AT IR
XS Sy R R Ay AR AR AR AL
SAPRR TR AL S SR B ), 5 s PR 32 ST 1E
15, EL 3l B e, I #E R &= A 1 4 s i
77 5 PRIt X6 5256 20 4 S it Pk B PPEAN B A
HERFEE X

H & (electronic nose, E-nose ) FI] i S i &
mﬁﬁﬂﬁﬁkﬁm%% {147 Wi 1 Sk 34 531 7 B
A ek fg B, B A R T

JER ez mofEEMW%Wﬁﬁ 7Y
s iy ARz AR R A AL RE B8
S BRALAR S A R AL 38 2 I B RS SR Y
MR ANE RN B, T R R
P 0 S A L S A I A B oY R B T

RETE B 20 A DS DA S AR M 2, (LR T
b X 18 2 1 X 3 A 4 S P AR RO ) B
0RO IR A AR R
F T ) A I R P 3 4 R A R
SRME B ICAPPA B i RS T REE BT

AWFFE & 7E PRI A AL 5 M ) R A
R TRAE B PR TE B0 A FLIE R B T B
/NI RN, HE Tk 2 T S SR PP 22
IIREVEBERE SR . AR SCLA 2 BB/ RO A 52
X R T B B FLIE A T U R SE(E
R, [RIS S /N BROPACER % 5 45 A R Oy
TP SRAE XN BB, JF @ /N B AR
s B I AR AR o AT S A 25 SR AT R R
TG AR AR AT DAL DX A3 PPAN g A A 1 S
S BRI

L Mok 57

L1 ##
LL1 34

{EERR AEMERE CSTBL/6 /NER,54 W 4R 23 ~
27 g, H 22 MR g sy o R ./ R 3R
TEB S B A BT 5 S 0 R 5 7K
L S SRR B A S AR B RS 5 7
L1.2 Bk

DU SR C(Ve) WK A KRB EY),



- 716 - W2l 533 % HF4l

A FER K (NS) IASE 1 DO RHE 25\ e 5 A FR 2
LS T2 N R FLL A IR FAEA A, 8
SALYEAL G (SOD) I HE AT 8 (MDA ) 3 &
R B TR BT A TR T
1.1.3 el 35hs

SOD I3 52 R FHI 5 Jie v s MDA 5 Bl
R E I Z B LG (TBA) ¥, AEH KR
(%) = (FLEEATHARMBUG K E - SL5E
E TR A ) /SLiE % 3 T TR E x 100, g
Hi/ PR TE (mg-g ") = FLI5 8 (T WU Mo R &
(mg) /AEEATHEAE ().
1.1.4 PE

oA 78R 1172 (5] ATRSENSE 72\ &) f) PEN3
AUEEA T8, BB IS LR R4 - 5%

®1 BTEERBETISHERE

Table 1 E-Nose sensor array and performance

RS (5 10 D4 R AR IS B R 1) |
SRAE5 0 VR I B R A R G AN AL
1.2 ZEIWHE
L2.1 s

FRBENLECT M SISy 6 AL AL 9
FUNR, -3 2,
1.2.2 FFEaRE

AR FLF 4 °C .5 000 r-min " B0 30 min, 3
25 FJEFLG S FLAE S I R T 1 mol - L' (1 HCI
I pH £ 4. 6,40 C/K¥A 20 min f5T 4 C 8 000 1+
min "' B0 20 min, I B K RIS TR
T, .
1.2.3 REFHHBEARNESFLARORREL
R

(RS L S oY 7 C - R

Abbreviation Sensor name  Sensor properties

R R

Limitations/ ( mL-cm =)

S1 WiC X 75 BSR4 R A Sensitive to aromatic components H 2 Toluene , 10
S2 W5S SR BAL S DRI Very sensitive to nitrogen oxide 48 4L A Nitrogen dioxide, 1
S3 W3C SR IK 3T HFIALE YL Sensitive to ammonia and aromatic compounds % Benzene, 10
4 w6S XA A B Selective to hydrogen £, Hydrogen,100
S5 W5C S e IR TS B AL G ) R i Sensitive to alkanes and aromatic compounds PI%E Propane, 1
S6 Wi1S it B s R 4t Sensitive to methane Hl 45 Methane , 100
S7 W1wW ST AL ) R A Sensitive to sulfide WAk % Hydrogen sulfide, 1
S8 w2s XF 2B R RO AL A YA A — %Ak #% Carbon monoxide, 100
Sensitive to ethanol and response to some aromatic compounds
S9 W2 W X5 WA A LB AL R A Ak %l Hydrogen sulfide,1
Sensitive to aromatic components and organic sulfides
S10 W3S Stk 2 R 4t Sensitive to alkanes Hl 4% Methane , 10
x2 TYHER
Table 2 Animal grouping table
GreH HA /NREE 259 D 2 FLpiE B BIRT
Grouping Group Intragastric administration D-galactose intragastric ~ Anti-aging therapy/
name of drugs in mice administration/ (mg-kg™'-d™1)
(12.5 mg-10g™'-d™")
BR=HE NS-N NS - -
Natural blank group
FEE AN EA NS NS + BELNA
Senile blank control group Equal volume
P P R \(® Ve + 300
Anti-aging positive control group
gL CWP-L A3 E ORIk EE + 100
Anti-aging experimental group Low concentration group of bovine whey protein
CWP-M  AFEEA ik EL + 200
Medium concentration group of bovine whey protein
CWP-H AR EA S EE + 400

High concentration group of bovine whey protein
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Xf VC 40 NS 41, CWP-L 41, CWP-M 4 I
CWP-H 4 5250 /N B, 930 4% RS 10% D->f
FUBE AR K AR 1. 25 mg-g™' -d 7 ESE 6
JAHsEENR, LRATAEEAM T LY
FEIRAR( AR H 100 mg kg™ - d ") (i (A H 200
mg-kg ™' +d ™) (43 H 400 mg-kg™' -d ™) 3 A4
WeFEREE ; VC BHE XS B4 #2245 H 300 mg-kg ™" -
d ™12l 3 s (R IR 45 T TR AR AR B NS,
FR2S AL T IR NS . #7227 JA 441
FELE LG I RIS e 2 T D- 7L A FLER K 205
WA RS,

1.2.4  FEArAm

FUBEATH 7 S R, /N Rk
Kl ,4 °C#rE 2 h, 3 500 r-min~" > 15 min,
Kl ifi 55 e SOD A MDA, /) B fie 351 40 55 ik it
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25 A R T T2 A A R R 8 A e A TR R
Wi, WOR SRR B S B Ak S0 2 F (£ 3) o
YR, BOSE (A & T AR v, (o fF B8 11 0
— S I i A A — s B T A SR, TS AT
TG, AEULAE A 40 AT IR EHR T RG S
KA E] 60 s, PR E] 80 s, AAiF 57 3435k B {4 Jk
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1.3 HESITHSHA®

x4 PMREEEFEUER

Table 4 Test results of physiological indexes of mice
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Table 3  Single factor test level table for E-nose

% K Level
Factor W
& (B0 Sample volume ( grain number) 1 2 3
Thias A B 18] Headspace-generated time/min 5 10 15
Thias A i A4 FH Headspace-generated volume/mL 150 250 500
FS MM Carrier gas velocity/ (mL+min 1) 200 300 400

S FH B ] 51 43 #7 ( canonical discriminant a-
nalysis, CDA) #1775 2% ( one-way ANOVA) 4347, DA
1 e B A L - S 2 8, R ) CDA 32 A
4343 B (principal component analysis, PCA ) £ &
FIRIAFIHE S 25 25 W) AAS [ 9 5 2 25 B0 B
FEMF 22 57 . R HLHUAR 5C 5347 ( canonical cor-
relation analysis,CCA) , 25 FI50/N BREEE o 15
ARG RS H A PR AR A G, SR 2 04k
e B A ( multiple linear regression, MLR) #HE <7
HL 000555 /0N BRI e o 728 1 R o R B 1 56
KK F . Bl 70 R ] Excel [ SPSS 16 %54 Al
SAS V8 #AF43#7, i Origin8 Pro il & ,

2 HEHRE50H

2.1 INREERERENER

A-FL 35 B (/N BRI o SOD, MDA A i
RSB AR AR A R, 45 R WL 4, NS-N
4 .VC 4. CWP-L 41 .CWP-M 41 il CWP-H 41 5
NS ZHAH G, L3 H % SOD 35 1t 24 7+ 25, MDA
ERREAL, F A LB EAM Ve AE/N U
B AR AR RE T, B AL R T 5
595/ NS RAAAE R R, BAFFLEE

205 SOD/(U-mL"~1) MDA/ ( nmol -mL 1) RE KR B B4 5

Group Weight growth rate/% Thymus index/(mg-g ')
NS-N 82.444 +0.296 ac 2.000 +£0.544 a 17. 626 +2.909 ac 2.967 £0.208 a

NS 42.500 +1.516 be 5.763 0. 690 be 0.356 +0.311 be 2.367 £0.116 be

VG 76.125 +4.788 ab 3.051+0.963 a 3.516 +1.576 ab 2.967 £0.252 a

CWP-L 62.625 +£3.123 abe 3.177+1.434 a 5.932 +0. 547 abe 3.067 £0.404 a

CWP-M
CWP-H

63. 833 +1. 650 abc
70. 625 +4.330 abc

3.307 £0.299 a
2.943 £0.728 a

3.605 +1.562 ab
5.042 +1.277 ab

2.967 £0.379 a
2.967 £0.416 a

BHRERA T ab e HHIFR SRS AX A (NS) | B4R HA (NS-N) Fme I B (VO ML ZE R B3 (P <0.05)
The letters a, b and c after the data indicated that there were significant differences compared with the senile blank control group (NS), natural
blank group (NS-N) and anti-aging positive control group (VC) (P <0.05).
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FH (P <0.01) , fERAF S2 Fil S3 B 52 W 4 124 2%
S E(P<0.05) , H Al f& a8 m A %, K
1 a':P CDA ZprPr s s — F o &y 72.51% 5
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HORAEAE Aty 1R T00%8 A iAAFR 250 mL 3%
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x5 BEFHESNER
Table 5 Results for one-way analysis of variance
IH# Factor Sl 52 s3 =4 S5 56 57 S8 S9 sS10
il Fo2.25 6,04 3.86 22.95 2.87 2.21 36.73 9. 40 43.30 1.38
Sample volume Poo0.1102 0.003 2 0,023 9 <L 000 1 0.060 7 0.114 2 <0.000 1 0.000 2 <0.000 1 0.256 8
16175 A B A ) Foo23.15 3.3 35. 14 3.78 1. 30 15.57 6.32 18. 09 5.82 15. 66
Headspace- P <0001 00400 <0.0001 0.0257 0.2756 <(.OD0 1 0.0025 <0001 0.003 9 <0.000 1
generaled lime
B 5 A AR R Foo19.00 1. 60 30. 66 39. 14 3.63 34. 10 20. 56 18.83 12,05 32. 64
Headspace- Poo<0.0001 0,206 6 <0.0001 <0.0001 0.029 6 <0000 1 <0.0001 <0.0001 <0.0001 <0.0001
generated volume
ES AR AT Foo12.66 24,22 21.06 79. 43 0. 49 34. 16 47.93 15. 68 50. 64 12,78
Carrier gas veloeity P <0.0001 <0.0001 <0.0001 <0.0001 0.6135 <0000 1 <0.0001 <0 0001 <0.0001 <0.0001
4'(3) i R (R 4‘“,] T 22 & B A 18]
2 ar Sample volume = 3t Headspace-generated
Stf 2r (grain number) 8 ol ime/min
BoAr .1 0 «5
& of Q .2 & 1f . 10
-1} < 43 E ol * 15
O
o 2f o gt
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Fig.1 CDA analysis resulis of E-nose single factor experiment
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Fig.2 Characteristic sensor response signals of fecal samples of mice in different groups (7th week)
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Fig.3 The results of PCA(a) and CDA(b) discrimination of mice feces treated by different intragastric administration( 7th week )
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Fig.4 The results of electronic nose CDA discriminating the change of odor information in the fecal samples of mice with bo-

vine whey protein at low (a), medium (b) and high (¢) concentrations administered by gavage for 7 weeks
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