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Research on Brown Sugar Quality Using Color Difference and Electronic Nose

ZENG Xin-yi', CHEN Er-bao', ZHANG Yu', SONG Huan-lu'J, ZHAO Shu-na’, WANG Bao®

(1. College of Food and Health, Beijing Technology and Business University, Beijing 100048, China;
2. COFCO Nutrition and Health Research Institute Co., Ltd., Beijing 102209, China)

Abstract: Took brown sugar as the research object, this paper compared the color difference of brown sugar
solids in different origins and pressed seasons and the liquid when they are dissolved at the same
concentration, and analyzed the characteristic odor components of brown sugar solid samples and discussed
the feasibility of color difference meter and electronic nose to determine the flavor quality of brown sugar.
The experimental results showed that the color of brown sugar samples from different origins and extraction
seasons were obviously different, and the volatile components of brown sugar samples from different origins
were also different. The electronic nose can effectively identify and determine brown sugar from different
origins and determine its characteristic gas components, namely sulfides and nitrogen oxides. Both the color
difference meter and the electronic nose can be used as a technical means for measuring and evaluating the
flavor quality of brown sugar instead of sensory evaluation.
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®4 TRIFHMERFOEEE Lab BEERER

R [# {4 T R 2 R
AL Aa Ab AE AL Aa Ab AE i

1 39.26 12.17 20.96 46.14 39.387+2.76 11.827+1.05 20.613+0.58 46.010+2.050
40.83 11.13 20.38 46.97
38.07 12.18 20.50 44.92

2 46.53 12.94 27.47 55.56 45.110+3.89 13.893+1.97 26.853+1.11 54.325+3.074
46.16 13.83 26.36 54.93
42.64 14.91 26.73 52.49

3 55.90 12.53 27.68 63.62 55.793+0.23 13.330+1.29 27.370+£0.51 63.562+0.116
55.81 13.64 27.17 63.55
55.67 13.82 27.26 63.51

4 52.75 15.37 29.82 62.51 52.017+1.27 15.31340.23 29.763+0.65 61.857£1.001
51.48 15.17 30.06 61.51
51.82 15.40 29.41 61.54

5 46.62 16.14 25.09 55.35 46.617+0.01 15.970+0.44 26.000+1.94 55.720+0.773
46.62 16.07 25.88 55.69
46.61 15.70 27.03 56.12

6 47.67 15.67 26.28 56.65 47.633+0.41 15.827+0.31 25.797+0.97 56.436+0.396
47.41 15.83 25.80 56.25
47.82 15.98 25.31 56.42

7 53.20 13.26 27.89 61.51 52.490+1.10 13.440+0.82 27.973+0.79 60.981+1.043
52.10 13.94 28.41 60.96
52.17 13.12 27.62 60.47

8 53.06 13.93 24.22 59.97 51.790+1.92 13.860=+0.85 24.437+0.45 58.923+1.601
51.14 14.25 24.42 58.44
51.17 13.40 24.67 58.37

9 43.75 15.29 23.93 52.16 44.000+0.45 15.480+0.93 23.577+0.82 52.267+0.234
44.20 16.04 23.11 52.39
44.05 15.11 23.69 52.25

10 26.10 12.29 8.49 30.07 26.127+0.07 11.553+3.81 7.777+2.44 29.670+0.992
26.11 13.09 6.20 29.86
26.17 9.28 8.64 29.08

11 51.33 14.90 31.58 62.08 51.393+0.85 14.800+0.32 29.687+3.43 61.183+1.389
51.85 14.59 28.15 60.78
51.00 14.91 29.33 60.69

12 47.08 13.60 24.99 55.01 47.120+0.74 13.077£1.28 24.883+0.34 54.871+£0.714
47.51 13.31 24.66 55.16
46.77 12.32 25.00 54.45

13 35.86 13.96 17.01 42.07 35.860+1.22 14.410+0.93 17.637£1.03 42.484+1.275
35.25 14.38 17.86 42.05
36.47 14.89 18.04 43.33

14 42.87 8.54 20.53 48.29 39.913+6.50 8.720+1.44 19.057+3.47 45.085+7.314
36.37 8.09 17.06 40.98
40.50 9.53 19.58 45.98

15 55.04 7.75 25.79 61.28 55.200+1.46 8.237+1.13 26.057£1.54 61.596+2.070
56.01 8.88 26.96 62.79
54.55 8.08 25.42 60.72

16 53.73 9.82 27.01 60.93 53.820+0.31 9.663+0.32 26.120+1.39 60.602+0.599
54.02 9.50 25.62 60.54
53.71 9.67 25.73 60.34

17 56.25 13.10 31.28 65.68 57.487+2.24 13.147+0.54 30.897+0.74 66.578+1.701
58.49 12.90 30.87 67.38
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57.72 13.44 30.54 66.67

18 31.53 11.70 11.42 35.52 32.803+3.84 11.377+0.64 11.813+1.18 36.684+3.733
31.52 11.37 11.42 35.40
35.36 11.06 12.60 39.13

19 35.80 14.47 25.21 46.12 35.680+0.19 13.877+1.11 25.727+0.79 46.128+0.097
35.61 13.80 2597 46.18
35.63 13.36 26.00 46.09

20 42.58 10.26 27.20 51.56 43.013+0.91 10.3374+0.53 27.447+0.69 52.062+0.856
43.49 10.64 27.25 52.41
42.97 10.11 27.89 52.22

21 42.26 9.70 23.75 49.44 42.710+1.71 9.323+0.69 25.250+3.40 50.494+2.868
43.79 9.01 27.15 52.31
42.08 9.26 24 .85 49.74

22 41.62 10.80 25.65 50.07 41.540+0.32 10.793+0.01 26.470+1.42 50.428+0.773
41.66 10.79 27.07 50.84
41.34 10.79 26.69 50.38

23 43.79 9.17 26.41 51.95 44.060+0.41 9.343+0.92 26.373+£1.07 52.196+0.720
44.19 8.97 25.82 51.96
44.20 9.89 26.89 52.67

24 40.73 12.63 22.96 48.43 41.387+0.99 12.873+0.65 24.377+2.46 49.732+2.187
41.72 12.71 24.75 50.15
41.71 13.28 25.42 50.62

25 43.36 12.29 25.59 51.83 43.310+0.99 12.163+0.98 25.097+0.98 51.514+1.298
43.78 12.59 25.09 52.01
42.79 11.61 24.61 50.71

26 45.55 12.15 26.40 54.03 45.433+1.77 12.357+0.92 26.017+0.76 53.799+1.105
46.26 12.00 25.64 54.24
44.49 12.92 26.01 53.13

27 44,08 11.97 25.03 52.09 43.813+0.43 12.500+1.39 25.807+1.21 52.369+0.618
43.65 12.17 26.15 52.32
43.71 13.36 26.24 52.70

28 45.69 12.29 28.20 55.08 45.843+0.42 12.717+0.82 28.233+1.00 55.323+0.908
46.11 13.11 28.75 55.90
45.73 12.75 27.75 54.99

29 41.34 12.47 26.75 50.79 41.380+0.06 12.587+0.33 26.607+1.43 50.783+0.824
41.40 12.80 27.25 51.19
41.40 12.49 25.82 50.37

30 39.44 12.00 25.63 48.54 39.687+1.76 12.480+1.00 25.033+2.63 48.563+2.635
40.69 12.44 26.05 49.89
38.93 13.00 23.42 47.26

31 39.18 13.29 23.82 47.74 39.447+0.66 13.323+0.09 24.857+2.17 48.497+1.256
39.32 13.38 25.99 49.00
39.84 13.30 24.76 48.76

32 21.82 1.11 1.51 21.90 20.823+2.01 0.677+1.01 2.290+1.57 20.975+£1.959
19.81 0.10 2.28 19.94
20.84 0.82 3.08 21.08

33 30.63 10.94 9.77 33.96 31.250+1.23 10.410+1.40 10.310+£2.70 34.538+1.372
31.26 10.75 9.23 34.32

31.86 9.54 11.93 35.33
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x5 TRFHEESTAMERE Lab BEEHER
e gL S (E 15 2 R
AL Aa Ab AE & AL Aa Ab AE &

1 41.65 20.30 60.27 76.02 41.153+1.83 19.010+2.03 59.640+3.57 74.931£2.533
41.82 18.46 57.54 73.49
39.99 18.27 61.11 75.28

2 41.92 23.26 70.10 84.93 41.830+0.75 23.313+0.18 69.530+9.60 84.426+0.997
42.16 23.43 69.29 84.43
41.41 23.25 69.20 83.93

3 49.50 19.06 60.50 80.46 49.387+0.46 19.047+0.18 64.097+6.58 83.1465.068
49.10 19.13 64.71 83.45
49.56 18.95 67.08 85.53

4 58.61 16.38 64.02 88.33 58.873+0.43 16.090+0.44 63.857+2.11 88.335+1.475
58.97 15.94 64.83 89.08
59.04 15.95 62.72 87.60

5 57.02 17.15 67.12 89.73 57.597+1.06 16.927+0.75 65.120+4.72 88.58242.641
57.69 17.19 65.47 88.94
58.08 16.44 62.77 87.08

6 46.18 20.58 62.40 80.31 46.180+0.50 20.363+0.34 62.417+6.99 80.269+0.972
46.43 20.24 62.87 80.73
45.93 20.27 61.98 79.76

7 35.46 15.84 55.88 68.05 35.367+0.26 16.273+0.69 55.697+0.49 67.955+0.496
35.44 16.53 55.82 68.16
35.20 16.45 55.39 67.66

8 54.39 14.90 56.52 79.84 54.717+0.59 14.623+0.53 57.193+1.19 80.492+1.150
54.78 14.60 57.35 80.64
54.98 14.37 57.71 80.99

9 58.78 16.70 65.13 89.31 58.540+0.54 16.917+0.37 64.263x1.61 88.561+1.455
58.24 17.07 63.52 87.85
58.60 16.98 64.14 88.52

10 45.72 26.94 77.60 94.01 45.883+0.53 27.443+1.16 71.470+20.40 89.301+7.818
45.70 28.10 67.46 86.19
46.23 27.29 69.35 87.70

11 56.28 12.83 57.20 81.26 56.003+0.48 12.847+0.13 58.543+7.85 82.033+1.212
55.93 12.79 59.25 82.48
55.80 12.92 59.18 82.36

12 35.93 13.68 51.40 64.19 36.810+1.70 14.137+0.83 51.877+1.75 65.163+2.404
37.63 14.51 52.99 66.59
36.87 14.22 51.24 64.71

13 43.94 22.92 77.56 92.04 44.523+0.88 23.040£1.56 67.863+45.22 84.485+11.401
44.82 23.88 62.81 80.77
4481 2232 63.22 80.64

14 15.96 15.00 32.34 39.06 15.817+0.43 15.593+1.78 32.090+ 0.75 39.038+0.063
15.53 16.78 31.59 39.00
15.96 15.00 32.34 39.06

15 52.05 5.04 40.67 66.25 51.763+1.06 5.223+0.63 40.890+0.48 66.170£1.064
52.15 5.63 41.15 66.67
51.09 5.00 40.85 65.60

16 52.62 10.13 48.17 72.05 52.807+0.36 9.743+0.77 47.877+0.54 71.943+0.185
52.82 9.36 47.83 71.87
52.98 9.74 47.63 71.91

17 53.94 8.44 48.17 72.81 52.933+1.82 8.430+0.12 47.937£7.27 71.910+1.856
52.74 8.49 48.23 71.97
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508 % 2020 F B 51 sl e oo s ons o oo = bl
HxRS
W ST bk N
- LN AR 2 R
AL Aa Ab AE AL Aa Ab AE
52.12 8.37 47.41 70.95
18 52.84 6.63 40.96 67.18 51.543+1.95 6.740+0.77 41.070+0.49 66.253+1.507
50.90 7.18 40.88 65.68
50.89 6.41 41.37 65.90
19 49.55 21.15 68.86 87.43 48.050+3.84 21.060+1.57 68.427+£16.79 86.236+2.661
45.71 21.80 67.98 84.77
48.89 20.23 68.44 86.51
20 51.99 12.18 52.07 74.58 52.497+1.92 11.9974+0.71 52.237+1.38 75.030+0.808
53.71 11.55 51.63 75.39
51.79 12.26 53.01 75.12
21 53.28 12.05 51.91 75.36 53.137+0.31 12.403+0.84 52.357+0.70 75.623+0.538
53.16 12.89 52.61 75.89
52.97 12.27 52.55 75.62
22 52.81 14.85 55.90 78.32 52.097+1.26 14.280+1.08 55.693+2.64 77.588+1.431
51.93 13.77 55.93 77.55
51.55 14.22 55.25 76.89
23 50.42 13.56 53.29 74.61 52.137+2.67 12.773+1.23 53.277+0.76 75.638+1.758
52.90 12.43 53.65 76.36
53.09 12.33 52.89 75.95
24 48.79 16.50 58.13 77.67 48.117+3.40 16.727+0.70 58.823+8.58 77.831+1.129
49.48 16.49 58.64 78.48
46.08 17.19 59.70 77.35
25 49.30 15.91 51.12 72.78 49.147+0.24 15.593+0.87 53.113+£3.02 74.033+£1.934
49.08 15.04 54.14 74.61
49.06 15.83 54.08 74.71
26 52.82 13.77 52.83 75.96 54.950+3.38 13.087+1.08 52.270+1.89 76.974+1.833
55.83 12.69 51.73 77.16
56.20 12.80 52.25 77.80
27 50.92 13.60 50.94 73.30 50.933+0.03 13.677+0.17 50.010+1.42 72.681+0.940
50.93 13.77 49.52 72.36
50.95 13.66 49.57 72.39
28 51.27 15.66 58.16 79.10 51.500+0.68 15.503+0.28 57.983+2.89 79.089+0.548
51.28 15.38 58.58 79.36
51.95 15.47 57.21 78.81
29 46.86 16.75 55.69 74.69 47.297+0.77 16.5404+0.69 53.360+4.12 73.211£2.507
47.40 16.09 52.82 72.77
47.63 16.78 51.57 72.18
30 47.03 19.79 61.27 79.73 47.203+0.50 19.360+0.83 60.740+1.73 79.328+1.082
47.53 19.33 59.61 78.65
47.05 18.96 61.34 79.60
31 48.58 20.96 63.95 83.00 48.473+0.48 21.023+0.57 64.067+28.83 83.044+0.115
48.66 20.77 64.10 83.11
48.18 21.34 64.15 83.02
32 40.20 26.67 62.99 79.34 39.380+3.10 27.073+1.01 62.550+31.87 78.727+1.726
37.42 27.68 62.11 77.62
40.52 26.87 62.55 79.22
33 83.42 -0.42 31.12 89.04 82.873+7.58 —0.177+4.67 31.873+17.52 89.155+0.688
78.81 2.28 41.01 88.87
86.39 -2.39 23.49 89.56
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W (0~10s), £ A 58 2 TR B LOBRE 5t Y
PE RS SY, DR AR A B R A, AR i B
BRSBTS R AW, AT
HL BH S N 5 8 722, 76 90 s LUR iR F
A REE RS, L, ST 2OBRE A )5 Sk
P Bk LA 90~100 s VE A2 Z 5k, MR i H] L
W S F, S e o {199 722 Ak R 34 IRt — 2 B
B A A, =R S A A A B R
HRAEAR, A5 1 A B Mo [0 {1 3K B A2 Ay i

[ET] e S N N e TR e < RN N T
222 FHSrsrHr (PCA)

F ST HT (PCA) SR8 X i f UL 2 as 1y
ZARBRE DT RO e 4 LA S e, AT Xof e 4
J B AE ) AT b 260, IR b R L
M E N 2 MRS, R 4R, AR
HuZTERE 5L PCA S AT 45 R ULIEL 6 FIIAL 7.

Y%

o

. main axis (Variance: 1.46/%)
o4
W
HS
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L\“ ~F
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1. main axis (Variance: 98.54/%)

B 6 Z=#r=ihiI¥E+Em PCA 4T

PCA-Analysis
normalization : PCA
Matrix Correlation-M.
Algorithm: PCA
\Variance: : 99.999 %
1. main axis: 98.538 %
2. main axis: 1.4603 %
Pattern File:
Discrimination power.
=zE 'l
I_,z‘!_: 0.9598 1.000
ey 9 1
'l 0

B 7 PCARXSESH

W 6 MK 7 AlAT, FRir 1(PCHIYTT 2
TR N 98.538%, 1M M4 2(PC2) )5 22 TRk R
H 1.460%, HZiTTTEkFEIEF] 99.999%, X —%K
P B IX 2 A 2 oA 1 T B 1 48 R 1
B, P RERS S W21 R AR 5 45 & e SR o 1
ﬁw%EoM@%¢uﬂ%m,$ﬁﬁmMQﬁ

A A TN R X H R i, X — B %
B R[] 72 Ml ) 21 BB ARE AR 22 (8] A 45 e M SR LA
ZE5%, ML SR R — Bl B o A T BT LA 3L
X R 22 57
223 ZAEABISHT (LDA)

LAEFDN BT (LDA ) 24845 = AL ke
ABERE B B A S s 2s 0], DT 3 3 4 3B
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HAF B LA B R AR R IR 25 [ e B RIOR , TG 45
R B DR SRR AR 87 1) 123 R e K R 2 ) iR
B 5 /M BB U RS R E E 70%~85%
7 B ENAT ] LDA A bk AT e, Ase
55K FH LDA 0B = Fh = - £D WAL i, For 7 5
M) 17 {BL 9 235 SR DL ] 8 J2 &) 9

—~ —24.60 | 10° @ %
> 24621
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E 8 LDA ##rE
LDA-Analysis

normalization : LDA
Matrix : Correlation-M.
Algorithm: LDA
Variance: : 99.994 %

1. main axis: 95.285 %

2. main axis: 47086 %
Pattern File:

B9 LDA D#rERXSE S

H1 LDA 3-HrE a5 . 55— . 38 R R
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B S N N Vs A (O EA I .2 B I D o P e
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G PR RS B 22 (R A AE OC R AL, R B4
ANAR - 22 8] 2 DA R U T AR ] B A5 R AE LA
L e ) 7 5 D) % 22 B A2 e X AR e e Rk
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WU /NY oA ] 7 s 2R i 2 P B A3 )
fap NZR A4 R WL 10 22 & 11,

WL 10 ZE 11 AR, S FE i ik
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1 S 7 o 55— 32 W43 BT R SR X L A £ B AR
Ko i WSS AL RES X5 = 3 0 STk N G 1%
JRIRER, W3S Fll W6S A& IER x5 — s
HE R TIRR, 3R 2 715, WIW &R E8 8 %
X TCHURR AL P [ B R, WSW AL I X U A AL
YRR IR, T W2W AR BES XA HLER A 4
TR, X R BH I = Fh ZT WAL i 9 20— FE 03t G
VLB ALY . FEARAY U A U, 56—
F2 B BT AR B SRR 2 B A Z00E B RRAE R B
S o Asikin SRR SCRR R LA R AR B
( SPME ) 3 AR HUH TR LT 09 KUK 5l 43, I8
SAE S - O BRI/ BT ( GC-FID/MS ) 43
e H LB 2 B W i fe & &, B —H
FERiAE . 1 Asikin 25U THE AT TS (HS ) AHL
1 KK H B A I/ 3% ( FID/MS RS S A 3% GC )
ARG R LU R A MR T . Asikin
A1) 3 5 T 28 BOREv: (HS ) 3 JH GC-FID/ MS
AT AT, SR RS EEH 2,6-—H
FEnk R 2H B

3 08t
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1. main axis (Variance: 98.54/%)

10 Loading 5> #7 &

Loadings Analysis
normalization : Loading:
Matrix Correlation-M.
Algorithm: Loadings
Variance: : 99.999 %
1. main axis: 98.538 %
2. main axis: 1.4603 %
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