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Quantitative Structure-Retention Relationship Analysis on Volatile Flavor Compounds of Nanjing Water
Boiled Salted Duck

DU Xi-hua, CHEN Yan, DONG Li-ming
(School of Chemistry and Chemical Engineering, Xuzhou Institute of Technology, Xuzhou 221008, China)
Abstract: In order to establish a model to predict the retention index of volatile flavor compounds in Nanjing water boiled salted
duck, quantitative structure-retention relationship (QSRR) analysis was employed to analyze the relationship between Kovats
retention index (KI) of volatile flavor compositions and their molecular structures, quantified as the molecular shape indices ("K)
and electro topological state indexes (En) calculated by self-compiled program. Regression models were established on the data
of 53 oxygen containing compounds, 24 hydrocarbons, 21 terpenes and heteroatom compounds, with their correlation coeffi-
cient 0.981, 0.992 and 0.941, respectively. The predicted retention index of oxygen containing compounds and hydrocarbons
were in accord with the experimental ones. The three predictive models were tested using leave-one-out cross-validation method,
and showed good stability and correlation coefficient. These results indicated that QSRR method could be employed to study
the properties of volatile flavor compositions in Nanjing water boiled salted duck.
Key words: topological index; retention index; volatile flavor compounds; nanjing water boiled salted duck; quanti-
tative structure-retention relationship
525 TS251.5

SCERBR RS A X EHS: 1002-6630(2010)24-0300-05

XDl

ERIKHS 2 Rt A Sk 4 O R, B4 SE T
ZAEM P, e R, BAT B R R KR
K, xR K RGAE A 2 EEAE T T M, X R
WK B A IS8T AN 2 L, x5 A5 T2 R T A% I Al A
(HS-SPME)FS I (GC-MS) 43 Bt 1 At i ¢ 6 7K g 44
M RRAL S PRI 53 17, KBS AT 98 FhURR AR IF)

Wk H 391«
BT H -

2010-08-05

YLHRA 1 0 LRERMIT A 400 H (QL20072); YLk
AR M RS VHRIFF ST H (XM08C015)

YEH i

Ao N=n

=]

WATH), Bl I e T DS A R, IE S R At R K
UK JFAR 24 i, TSRO B T Tt D 2 RN
TR AR FA o 3 A RO R FUAE I B 5 R i) 5
P 23R BT RIS PR AR T T A I M T, (ERE
VLS I s B L VAR S5 S iR I N (S E S|
WEFUARAL AT ) 73 1 I Gk 5 DR B PR T IR OR R,

KB ARFHEIT 5L H (09KID150012);

Y1963 —), 5, #d%, AR, EENHEAGY). GHMECCADIYT. E-mail: dxh@xzit.edu.cn



X Bkl

86iltl=

2010, Vol. 31, No. 24 301

111 S e AR LI O B i AR P B A B, A i T A
R L, MURTAHSC B g7 oF A5 2 20 1 TR SR 2
AR F A0 AR O R B SR K ARAL A5 ) (¥ LK
TR EHR B (KO BEAT R 23 BT, 0B FETT 8 L 1R KU
A7 b AL R S B i 3

1 STFRREHEMEERDSHEENTE

A AR K XU AL 25 4 11 23 T 45 #4930 Chemoffice
2005 % " Chem 3D Ultra 9.0 Ky #3543, K5 HH
Chem 3D W4 F 1% MM2 75 VAT g 1 AR AL S N
SCfE, fE MATLAB B4 4 T, WA X151
giky X, A AR SCHR[10] E 90 FL e TF 545 2 1 4 1
WIRECR NS EE N ) T4 WMER R, H
SPSS 13.0 #AMARAIG L, HX X L85 7 1 5 BL KOk
Fe e Ze it 020 07, ] Origin 7.5 fHI4E T SZI6 A 5 Al 5
B XRE.

I T IEARFG HL S W43 T AR 57 A 2 1) 9 4 45

— RS H AR MRS REON 2 5 > T AR SR T
AR E . B 2515 B DA B 5 SR AL S B 4 D 24
AR T AR R, T RUE RE St R AR SR T 2 1) R
PEAREAE ] 5 S0 A LA TR 1 USR5 9 B0 1 5
IRV, %% SCER[21R H GC-MS J3#t
Ao I B 5t R 7K G AT 1) 98 Feft UMK AL 55 40 1 7 1) - BL R I
BRSSO R, SRIDICER[10] A 2 R e 41
A 2] T 40 F IR EOR ik 4 40 4 5, fEix ik
RYVIREAE N5y T E A FT, T SPSS Geih o M Bt
XFHEBEAT A A M ik, XF 53 Bl &b &), IEHT
PRI 3 Bl Koy Ko B Kay HLPE SR M 4R 5K
HHE B FHRIR R ey 1oy low Lus Bl L fE AR B S R R F
FATIDA X 24 PRSP A 21 Bl 4 28 S 7 H
2R R 5 AL S, MR E T R PR AR b A TR 6 A
FEaRSRF 120 Tay les D7y lss le LA A Tiy 12y Tay 6o
l7 Lus 1A B 5 R R RGAT DA, R MRS S
TR R A RAFHAH S, SR 1,

R BHE K ER M XERE R IR

Table 1 Correlation between topological indices and Kl of volatile flavor compounds of water boiled salted duck

P TEMAEY K1 K. Ka le I7 ls 13 l1s KI(SETRAH)
1 4% 2.054 1.148 0.016 0 0 0 7.417 9.000 591
2 T 3.963 2.999 0.669 0 0 0 7.914 9.599 790
3 273 4,937 3.963 1.344 0 0 0 8.045 9.758 879
4 &Y 5.918 4,937 2.116 0 0 0 8.140 9.874 966
5 pEf 6.904 5.918 2.945 0 0 0 8.213 9.962 1053
6 BN 2.729 2.527 1.125 0 8.296 0.331 8.385 10.201 1151
7 T 8.883 7.892 4709 0 0 0 8.316 10.088 1246
8 L] 2.091 1.183 0.010 0 0 0 0 9.444 569
9 2- 1 3.037 2.091 0.180 0 0 0 0 9.813 599
10 1- LPFE -2- P 3.636 2.771 0.903 0 0 0 0 20.067 861
1 2- P 5.958 4.976 2.148 0 0 0 0 10.319 888
12 2,3- M 6.375 5.445 2.973 0 0 0 0 21.056 984
13 3- T 6.943 5.958 2.979 0 0 0 0 10.687 988
14 E A 2.756 2.555 1.145 0 9.227 0.776 0 10.645 1064
15 2- T-fid 7.932 6.943 3.849 0 0 0 0 10.476 1091
16 3- LT 4,002 3.037 0.693 0.949 0 0 0 9.615 651
17 2- LT 4.002 3.037 0.693 0.972 0 0 0 9.736 663
18 P 4.002 4.830 1.103 0.962 0 0 0 9.564 694
19 2- FI 3k -2- T 2.695 2.789 0.539 2.604 0 0 0 9.668 746
20 U 4.976 5.830 2.002 0.982 0 0 0 9.680 799
21 B 2.026 1.818 0.514 5.403 0 0 0 9.774 834
22 2- T 3.557 5.570 1.762 4.201 0 0 0 9.593 857
23 P 5.958 6.830 2.948 0.996 0 0 0 9.768 903
24 K 2.756 3.151 1.412 0.912 9.675 1.077 0 9.974 961
25 FeE 6.943 7.830 3.916 1.006 0 0 0 9.838 1005
26 2- i3k -2- ) 5.362 5.702 2.759 2.947 0 0 0 10.174 1011
27 (E,E)-2,4- P& i 3.358 6.310 2.452 7.789 0 0 0 9.647 1013
28 2- IR 5.362 7.570 3.663 4310 0 0 0 9.751 1062
29 Tw 7.932 8.830 4.895 1.014 0 0 0 9.894 1107
30 (E)-2- T4l 6.291 8.570 4.640 4.342 0 0 0 9.807 1161
31 (2)-4- 2800 7.232 9.570 5.625 5.250 0 0 0 9.906 1198
32 & 8.922 9.830 5.881 1.020 0 0 0 9.940 1208
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5 A E Ki Ke Ks s I s s lie KI(SE5 1)
33 P- 1o A 3.415 3.247 1.659 0.805 6.936 1.437 0 10.165 1262
34 (E,E)-2,4- %& )il 5.897 9.310 5.368 8.061 0 0 0 9.819 1330
35 |- P g 12.897 13.830 9.854 1.035 0 0 0 10.065 1613
36 +HlE 13.893 14.830 10.851 1.038 0 0 0 10.087 1713
37 RWAY 14.889 15.830 11.848 1.040 0 0 0 10.106 1830
38 + )\ 16.883 17.830 13.844 1.044 0 0 0 10.139 2053
39 1- R 5.960 4.960 1.215 0 0 0 8.197 0 766
40 1- o 6.960 5.960 2.123 0 0 0 8.293 0 868
41 1- BifE 7.960 6.960 3.073 0 0 0 8.366 0 962
42 ENL 1.968 1.756 0.478 0 8.713 0.322 8.632 0 979
43 1- 3475 -3- B 6.815 5.830 2.869 1.593 0 0 8.967 0 981
a4 (2)-2- 47 -1- 6.815 7.700 3.789 3.839 0 0 8.336 0 985
45 2- 23 -1- Ol 8.960 6.086 3.091 0 0 0 8.753 0 1030
46 1- 25 8.960 7.960 4,043 0 0 0 8.423 0 1070
47 P ENEE 4.074 3.938 2.200 4,071 7.961 2.103 0 0 1281
48 TR 9.235 3.885 2.795 0 4.176 3.758 10.384 0 1514
49 LR LT 3.963 2.999 0.669 0 0 0 0 9.822 611
50 TR 2.881 1.492 0.333 0 0 0 0 10.021 917
51 2- IR R i 2.645 1.909 0.568 4,997 0 0 8.333 0 851
52 2- T IR 4.286 3.463 1.646 5.686 0 0 0 0 893
53 2- RN 5.138 4.286 2.292 5.720 0 0 0 0 993

lhies ERWEY) I Is Is Ir le ls KIGER ) KIGHAL) — KIGRE)
54 okt 5.536 0 0 0 0 0 600 606 0.99
55 ES 0 0 0 12.000 0 0 657 678 3.21
56 LIE S 0 0 0 10.262 0 1.322 775 789 1.76
57 2,3- L 4.157 1.793 0 0 0 0 815 804 —1.39
58 1,3- 20 3.772 0 5.960 0 0 0 826 826 0
59 4- FRIEEf 6.977 0.967 0 0 0 0 864 856 —0.87
60 A 0 0 0 8.356 0 2.736 877 905 3.22
61 ZE 8t 11.460 0 0 0 0 0 1000 996 —0.40
62 4- I 9.926 0.969 0 0 0 0 1010 1051 4.06
63 2,5- R TLE 7.039 1.844 0 0 0 0 1017 1002 —1.51
64 2,6- ZHFE TR 7.042 1.850 0 0 0 0 1022 1003 —1.89
65 o} S TR 3 R 0 0.653 0 8.713 0 2.759 1024 1026 0.23
66 2,3,6,7- YR 2.800 3.492 0 0 0 0 1050 988 —5.93
67 2,4- ZHHE-1- 280 8.160 0.847 0 0 1.332 0 1078 1078 0
68 2,4,6- = FJLZs 4 7.020 2.730 0 0 0 0 1095 1143 4.39
69 +—k 12.950 0 0 0 0 0 1100 1094 — 0.54
70 4- FSE - f ki 11.409 0.969 0 0 0 0 1183 1149 —291
71 + =k 14.442 0 0 0 0 0 1200 1192 —0.64
72 2,6- —FEEA—hE 9.976 1.855 0 0 0 0 1210 1197 —1.10
73 2% 0 0 0 16.713 0 2.621 1233 1194 —3.15
74 4,6- I 11.353 1.898 0 0 0 0 1263 1294 2.48
75 2,7,10- —HIEE Tk 9.963 2.773 0 0 0 0 1295 1344 3.76
76 b=k 15.935 0 0 0 0 0 1300 1291 —0.72
77 POk 17.429 0 0 0 0 0 1400 1389 —0.79
- I‘?/ ﬁ%&ﬁ{m%ﬁ%%{%ﬁ% I l2 I3 ls I7 lis K|(j\%{ﬁ)

78 a - JRH 7.131 2.810 1.923 2.435 0 0 939

79 Fr s 4.355 3.816 0.767 2.350 0 0 1041

80 L- a - il i 5.985 3.357 0.464 2.256 0 0 1195

81 HHEF 0 0 0 0 16.713 0 1213

82 AR 10.025 6.124 6.329 0 0 0 1376

83 a - K IR 9.978 5.758 2.923 2.523 0 0 1383

84 (A 4,720 4181 1.809 0 0 0 1452

85 LA A 1.695 0 0 0 0 0 500

86 TR TR 4.120 0 0 0 0 0 752

87 2- FRJLIEmY 2.102 0 0 0 6.236 0 772

88 3- F I A 1.990 1.657 0 0.941 0 9.550 908

89 R S 4141 0 0 0 0 0 982

90 I 0 0 0 0 6.653 0 751

91 BT 0 0 0 0 9.137 0 997

92 2- LT L e 1.513 0 0 0 3.415 10.454 1020

93 il 0 0 —0.750 0 0 0 617

94 k8% iG] 1.606 0 0 1.361 7.213 0 872

95 1,3- 5K 0 0 0 0 7.078 0 1032

96 [EEay 4,559 1.939 0 0 0 0 1259

97 AR R I 0 0 0 0 6.530 21.666 1336

98 Pk — 2.1 3.426 0.548 0 0 6.443 23.088 1602
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Fig.1 Relation between estimated and experimental KI values of 53
oxygen containing compounds
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Table 2 Inspection of correlation coefficient

gAY 12 3 4 5 6 7 8 9 10 11 12 13

15 16 17 18 19 20 21 22 23 24 25 26 21 28

AIK A% 0,982 0.981 0.981 0.981 0.981 0.981 0.981 0.981 0.980 0.981 0.981 0.982 0.981 0.981 0.981 0.9810.981 0.980 0.981 0.981 0.981 0.981 0.981 0.985 0.981 0.981 0.981 0.981

MBAT 29 30 31 32 33 34 35 3 37 3/ 39 40 4

43 44 45 46 47 48 49 50 51 52 583

A A% 0,981 0.981 0.981 0.981 0.983 0.981 0.979 0.979 0.978 0.975 0.981 0.981 0.981 0.981 0.981 0.982 0.981 0.981 0.981 0.980 0.981 0.988 0.981 0.981 0.981




304 2010, Vol. 31, No. 24

XDl

0.9891

0.985F 1 ]

0.981 [

0977t

o730 L
1 6 11 16 21 26 31 36 41 46 51
HEREI 2T
B3 kAR R Sk
Fig.3 Control chart of Jackknifed r

4 i B

B R R B A 22 O AL 2 PR T ke, R
IR KRS I AR B FHR 2, BURENTHE SRS )
B, HR KR RS AR, R A B T LR AT
7 AR 1, X BRI AR B3 1 PE SR BEAT WE 5T, Xt
v FC R S AT R A B . N L AT DU, #hok
R KRN, 5500 T R AT S DI R
111y HIZX L83 I 731 L5 0 1R St (R AR LS M R 5E T fR
BIRELK /N, WEANTS S5 R AT LUE H, B
IR TR BE I 2, TR W OC, AN R
PR RO IR W s AR R 7 3 A B 20 T 1
TR B R BN AR A — 58 AL R, (H
B ORISR AE A AR AL AR 22 T4
WG G DI RRI T 2 0 7RG, W2
AR 0T, T AR g, =
S S OR B AR BOE ] K B s X 24 MRS,
O B i B AR AL A PR e, ESCBERE 22 . SE 2 )
MR LR R, 2 S EUOR B0  TTOOXihiy s A 5 2%
JR TGS, BT e PE O, B BAYE A2 A
bk d 22 o AL BT 20 PR ARIR BN Bk 40 1 25 54
BETE 70 S W 73 1) L 1 S5 R R AR 2 ) 9 41 30 8, 7R

TR SRR« AN DL R A5 1 2R s 1
SE(E R, TR S5 A 5w At R KT KUK B 1 R B i
AT RUFIOAIRNE, A 0 3 A TR B A ek 21 (1 AR
TRPE S BT A AN 5 22 i 2% J 1 1R A 5 0 1 TN g
AT PSRAL S, AEAE R 2 A s TR RE T AL T
L, R B IE E BOR O SR AL & W e AT
W 9% .

EEPd ¥

[11 W, s, S, AN A 120 ER K PG R (R S i [J]. £ i
R2£, 2010, 31(8): 110-115

[21 XU, FDGZE, ARSI, 55, p ut EK M HE R PR RRAG S 5[]
A2, 2006, 27(1): 166-171

[B1  YCB, MR, Heak sz, S5 Abutng / Rk 7 h A R T
LLAC[9]. & dh 55 & % Tolk, 2004, 30(1): 21-24.

[4] PILLAI A D, RANI S, RATHOD P D, et al. QSAR studies on some
thiophene analogs as anti-inflammatory agents: enhancement of activity
by electronic parameters and its utilization for chemical lead optimization
[J]. Bioorganic & Medicinal Chemistry, 2005, 13(4): 1275-1283.

[B] W, SREM, T, 5 MR E AR SR R A - N R AL
il QSAR WHFT[I]. Bh2#@ R, 2009, 54(2): 161-170.

[6]  SRSCHH, Wik, MR, 55, SO g WAnds AR AT A= A 1 2 A KK
AL PR AL 2244, 2005, 21(1): 28-32

7 PARK J, MALINVERNI J, ADRIAENS P, et al. Quantitative structure-
activity relationship (QSAR) analysis of aromatic effector specificity in
NtrC-like transcriptional activators from aromatic oxidizing bacteria[J].
FEMS Microbiology Letters, 2003, 224(1): 45-52.

[81  E&#hte, BRHE. ROT B ARG R Ay I DR B DGR 5[], &
iRk, 2009, 30(19): 61-64

[O1 e ZRIPERI AR R[] AL L2R, 2007, 58(10):
2432-2436.

[10]  "AESAE, BRI, £V, 55, ELULRAS fi 442 1 A I 38 2 AR
Bl 554 FE B B RS 9], THAEEHL 5 R AL 2%, 2003, 20(4): 386-
390.

[11]  Bss, mt, skEH, &5 iR MRS TR B A LTS G Bk 1 i
VR FR 2 P CTIUIN (4 S [3]. ARA4E 4R, 2008, 71(2): 118-122.

[12] HALL L H, KIER L B. Electrotopological state indices for atom types:
a novel combination of electronic, topological, and valence state
information[J]. Journal of Chemical Information and Modeling, 1995,
35(6): 1039-1045.



