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Abstract: Tomato paste is an important condiment, which is popular among consumers due to its unique taste and flavor. In
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this paper, headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) technology
was used to measure the composition and relative content of volatile flavor compounds in eight kinds of tomato paste
produced by cold break (CB) and hot break (HB) methods. The odor activity value (OAV) was calculated to determine odor
active compounds. The relationship between the odor active compounds and the contents of reducing sugars, organic acids,
ascorbic acid and pectin were analyzed by principal component analysis (PCA) and correlation analysis. The results showed
that there were significant (P<0.05) differences in the composition and relative contents of flavor compounds in CB and HB
tomato pastes. A total of 61 volatile compounds were identified in 8 samples, including aldehydes, alcohols and ketones,
and 22 compounds belonged to odor active compounds (OAV =1). The composition and relative contents of volatile
compounds in CB tomato paste were significantly higher than that in HB tomato paste. At the same time, CB treatment was
beneficial to keep high reducing sugars and organic acids content in tomato paste but would lead to the decrease of pectin
concentration. Notably, the CB and HB tomato pastes could be distinguished by PCA of odor active compounds. Pearson
correlation analysis suggested that S-cyclocitral, phenylacetaldehyde, linalool, a-terpineol, damascenone, 2-pentylfuran, 2-
isobutylthiazole showed strong correlation with non-volatile components, so it was speculated that there might be
interactions between them.
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Table 1 Information parameters of eight kinds of tomato paste
BT FEHL B & MR
1 B 32%~34% CB
2 BT 36%~38% CB
3 EPiN 28%~30% CB
4 EPiN 36%~38% CB
5 B 30%~32% HB
6 535 28%~30% HB
7 535 30%~32% HB
8 B 28%~30% SHB
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Table 2 Sensory evaluation criteria for tomato pastes
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Table 3 Volatile components in eight tomato paste

) B (ng/g)
75 EWAR RIfH
1'% 25 35 45 55 6% 75 85
1 (AL 1084 5.0442.63°  9.14+0.68"  1.57+0.41%  3.18+0.84%  3.43+0.92% - - 9.44+1.52°
2 e 1280 0.75£0.06°  1.46+0.13°  0.96+0.08°  2.11x0.10"  2.53+0.65 - - -
3 2,6- W Jk-5- B 1389 - - - 2.75+0.31 - - - -
4 (B)-2-Behiis 1342 - 3.1240.31 - - - - - -
5 T 1385  3.17+0.4°  233+031%  223+028"  2.90+0.13%  4.64+1.5"  1.83+0.10° 2.92+0.19" 4.66+0.15"
6 (B)-2- ittt 1345 3.55+0.53"  2.47+0.08°  1.78+0.29°  2.61+0.26"  1.89+0.32° 1.79+0.13° 1.94+0.03° 1.65+0.04°
7 e 1455 18.46+0.97° 78.99+2.43*  25.16+0.81° 56.95+1.36° 8.32+0.30°  6.56£0.00° 10.86+0.31° 7.40+0.44"
8 I 1495 121.88+8.61° 81.15+20.51° 574.08+208.93° - 88.00+4.97° - - 49.78+3.29
9 (B)-2-T M 1521 2.61+0.18"  2.06£0.13°  0.94+0.35° - 2.05+0.32° - 1.83£0.25° -
10 B-IRFTERE 1598 4.48+0.36°  5.03:0.16°  1.55+0.34°  4.98+0.45°  3.47+0.05° 2.77+0.02¢ 2.70+0.16" -
11 K 1625 55.12+7.11°  41.42+1.87°  25.03+£3.59° 47.51+£5.8® 49.93+8.16™ 30.7+1.43° 26.13+2.67° 30.18+2.59°
12 23-750-2,2,6- =W I EE 1198 - 5.1440.12°  2.44+0.07°  8.52+0.38  2.39+0.23¢  1.84+0.05° 2.98+0.07° -
13 (E)-2-38Jfi¢ 1647 - - - - 2.1640.51 - - -
14 4-Z IR R 1719 2.99+0.66°  2.61+0.10° 1.21£0.08°  2.80+0.54*  1.56+0.05* 1.48+0.03" - 1.95+0.17°
15 Frims 1720 7.89+1.28°  4.37+1.45°  3.49+0.30° - 733129  9.51+1.31° 4.42+0.48° -
16 5-FF k-0 ) Y 1785 - 0.70£0.16°  1.38+0.30°  1.56+0.09" - 1.56+0.05°  0.74+0.00° -
N2y 225.94+10.52° 240+21.14° 641.81+206.22° 135.87+6.43% 177.7+12.64* 58.15+£1.24° 54.51+2.66° 105.06+4.91
1 L 1360 - - - - 2.22+0.31 - - -
2 2-Z R 1474 0.98+0.18" - - - 1.44+0.15° - - -
3 Jy A 1537 81.13£7.08°  130.3+8.8° 81.4+3.82°  108.52+4.76" 61.93+2.35% 81.71+1.01° 45.24+3.98° 56.57+2.20"
4 Tt A 1583 2.44+02¢  6.22+1.13%  3.77+0.99°  10.32+£0.51° 1.78+0.16° - 2.5140.15% -
5 o~ i 1692 10.94+0.71° 18.83+£0.99°  13.42+0.14°  13.3440.7°  10.2£0.9° 11.47+0.47° 5.24+0.65° 5.61+0.18°
6 3-F AL 1701 - 9.37£0.62°  2.79+0.14°  2.83+0.22°  6.84+0.74°  6.04£0.23° 2.13+0.04 -
7 AL 1804 1.09+0.12°  1.72+0.08" - - 1.17+0.13° - - -
8 2-(4-FFERF)H-2-FE 1844 0.86:0.04°  0.82+0.04°  0.54+0.05°  1.08+0.02° - - - -
9 it 1854 2.00£0.57°  2.84+0.17°  2.40+0.13 - 1.84£0.07°  2.12+0.00 - -
10 + 1970 - - - - - - 0.24+0.42 -
11 KL 1883 4.16£023%  11.21+0.38°  11.83+0.72°  3.56+0.08% 13.62+0.88™ 14.35£0.05° 13.05+0.93" -
/it 103.6+7.98" 181.32+10.19° 116.15+5.24° 139.66+4.62° 101.04+2.66° 116.34:£1.42° 68.42+4.25° 62.18+2.13°
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G (ng/g)
5 (Rt E20 RIfH
15 25 35 45 55 65 75 8=
[iEES
1 2- 1174 - 11.00+1.99 - - - - - -
2 fhE R 1285 0.61£0.08"  2.83£027°  1.32+0.15  6.81£0.69°  5.79+0.57°  1.79+0.27° 6224033  10.12+0.77°
3 1- B4 -3 1290 - - 0.12+0.11 - - - - -
4 FH B P d 1336 635.53+45.11° 609.91+26.35° 277.55+53.12¢ 494.56+78.92° 402.52+59.97% 446.9+£75.43" 352.94+70.99% 431.25+69.43"
5 X FH R 2 1759 7.56£0.59°  7.90£0.09°  4.69+0.54°  9.95+0.56"  6.11+0.43°  6.02+0.01°  5.50+0.46°*  5.14+0.78*
6 KE - 1813 8.09+0.81°  14.21£0.83"  9.93£0.68°  14.55+0.35°  4.62+0.08°  5.47+0.45°  4.75£0.6*  4.26+0.28°
7 it EL TR 1840 16.31+2.1°  18.01£0.24° 14.48+1.28° 13.45+0.75* 11.88+0.55*  13.1£0.49* 12.18+0.82  10.83+0.94°
8 BEBTR 1913  0.89+0.04°  1.2140.07°  0.67+0.02° — 0.90+0.09° - - 0.61+0.11°
9 10 1 ] 2064 0.61£0.06  0.45+0.04° - - 0.49+0.03*  0.37£0.02° - -
10 e FE 2083 1.47£0.23"  1.47£0.07°  3.45£0.48"  0.91x0.05  0.58+0.05%  0.29+0.03* - -
/it 671.07+45.16" 666.98+25.78" 312.2451.98 540.24+£79.96" 432.88+59.81% 515.48+89.19" 381.59+70.46 462.21£70.11*
e s
1 (+)-FriEh 1178  1.38+0.54°  2.79+0.27°  136+0.44°  4.36+0.69°  2.68+0.26°  2.33£0.56*  2.35+0.58  3.76+1.03%
2 E N 1295 1.19+0.19¢  1.63+0.1®  1.07+0.09°  2.31+0.44°  2.29+048  1.86+0.06"  1.59+0.09*  1.64+0.02*
/N 2.57+0.71¢ 442403 2424047  6.67£0.55°  4.97£0.75"  4.18+0.6° 3.93+0.49° 5.4+1.00°
[iEs
1 M 1450 34.98+3.94°  36.00+£0.87° 17.82+2.90° 23.29+1.03° 24.86+0.87° 14.32+1.09° 22.9+2.99*  10.18+0.32¢
2 3]~ 1525 - - - - 2.91+0.34 - - -
3 T 1652 2.23+0.18" - - - 2.88+0.10° - - -
4 SR 1665 9.16£0.82°  20.11+0.35° 12.49£0.99% 33.68+2.96° 26.11+3.43%  12.32+0.8%  13.1+2.50°  23.87+1.05°
5 R 2083 2.95£0.24"  2.43+0.13®  2.33+0.06°  2.75£0.28°  1.61%£0.05° - 1.39£0.31°  2.92+0.69°
6 BRI 2164 8.46+£1.08°  4.34+£0.88"  1.57+0.34*  4.2+0.77° 231£0.62°  0.93+0.10°  0.96+£0.12°  3.7440.14°
I 57.78+3.34"  62.88+£1.20" 34.2+3.18%  63.92+4.09° 60.69+3.81" 28.01+0.89° 38.35+3.84°  40.71+0.32°
HAKIEY
1 2- I3 Bk 1240 6.33+1.44°  42.88+2.14* 9.14+0.81°°  14.99+2.06°  11.07+0.19° 6.97+0.39*  6.74+1.13°  6.66+0.34°
2 2- LTI 1490 3.65+0.35%  18.95£1.22° 6.99+0.31°  19.5+0.76*  4.38+0.12°  3.17x0.11°  3.75£027  1.91%0.14°
3 253 T AR 1391 3.37£1.24°  4.19+1.32°  3.12+0.32°  9.49+1.51° - - 4.50+£0.07°  4.58+0.33"
4 2-ZHe-5-FIMEE 1402 - 0.65+0.01 - - - - - -
5 3- TR Bkns 1500 - - - - - - - 0.06+0.05
N2 13.35+0.62%  66.66+2.93" 19.25+0.92° 43.98+3.68° 15.45+0.27° 10.16£0.35° 14.99£1.29¢ 13.21+0.36*
B IFHATA
1 o 1042 10.01£1.57° 15.85+0.91"  6.66£0.59° 24.88+3.87°  24.09+4.32° 18.64+£1.37° 20.39+5.53®  6.13+1.89°
2 ) —H 1150 3.40£0.52¢  6.70£0.57°  2.91+0.30° - 10.39+0.90° - - 8.61+1.50°
3 4-SINEER R 1261 1.96+0.28°  3.64+0.33°  2.85+0.46°  8.51+2.29°  3.25+0.06°  2.40+0.43°  3.19+0.79*  3.18+0.30°
4 1,2,4-=HIHK 1293  2.24£0.27° - - - 1.71£0.42°  1.26£0.06°  1.72£0.04°  1.42+0.01"
5 PN AR 1380 - - - - - - 1.41£0.02 -
6 Xt H 13 2080 - - - - - 0.110.00 - 0.27+0.01
7 THEM 2163  0.32+0.05° - 0.25+0.01°  0.23£0.02° - - 0.27£0.04*  0.68+0.09"
8 4-Z 5Ky 2185 - - - - - 0.25+0.02 - -
9 A-ZJEFI-2-FEIIT 2230 5.66£0.73°  3.66£029°  2.79+0.29°  2.69+0.18°  2.61+0.34°  2.4+0.11° 1.46£0.20°  1.24%0.07°
/it 23.59+2.00% 29.85+£1.39° 15.47+0.12° 36.31£3.52%  42.04+5.84" 24.33+£1.57* 28.43+6.18°  21.52+0.59°
i EY
1 U 1058 - - 0.170.00° - - 138022  4.71x1.12° -
2 THE=R 1366 - - 1.57+0.25"  1.36+0.24° - - 4.74+0.64° -
/N - - 1.74£0.25°  1.36+0.24° - 1.36£0.16°  9.45+1.75° -
Bt 548.95+27.47% 626.06£17.18" 571.62+98.94* 484.0140.76> 417.38+25.18% 379+44.94% 299.84+37.26° 355.15£36.37%
T AN FE TR RS & A7 3125 5 (P<0.05) .
PRV B FP B A& Y, BHE B A 62.18 ng/g, —o VAEEIIITSR, P4 T BRI in P R B

XA P AR ADH WEPE R RRA G, D RERE S PR B R A S Wy 0 S T A i b B R
PRI — AP ECAE T, WA WS R TR S IR B AR

il i P B G Y - AT R B WRECTE 7 LUTR B BRI A AR R R e S
AT Y AR, T R A AR IR XU J Yy, Honl AW T3 i 7 o . B LASGEHA . (B
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BRGNS | B i a9 . H
H1 K - B (OAV=7276) fr K, HiR & p-52 % il
(OAV=1734), 2K Z BiE (OAV=957) . 1 I = fi

F4 FEPRE RS YL

Table 4 Aroma active compounds in tomato paste

P ey A CAS AU Bl (ng/g) H0AV
1 Kb+l 23726-93-4 W, 0.002 7276
2 BB 79-77-6 AETT, T 0.0007 1734
3 KL 22258.00 A, THAL 0.015 957
4 TR 3658-80-8 B0, il 0.005 948
5 Iy 78-70-6 HARH, 0.22 592
6 CHRE TR 624-92-0 PRAL, B0 0.16 29
7 K e ) 3658-77-3 Wi, FHA 0.03 20
8 PR L s T 110-93-0 BENIR, Z5E IR 68 9
9 (E)-2-T-Mir 18829-56-6 BN, H HIR 0.19 11
10 K 122-78-1 W FE 6.3 8
11 2-JRHES R 3777-69-3 TR, EIR 5.8 7
12 U 100-52-7 SRR, A 24 5
13 S 124-13-0 HEAY, IR 0.58 4
14 T-WE 124-19-6 My, & 5& 1.1 4
15 oA 98-55-5 Hifr 7y, BRI 4.6 4
16 1-JEd -3 2918-13-0 BREFIR 0.04 3
17 2-5 T FEmEnk 18640-74-9 Ffirt ok 35 3
18 CLEE 66-25-1 R, IR 5 2
19 B-IFTHERE 432-25-7 M 3 2

20 fifr=g= 111-13-7 W] W GEN S 5 2
21 (E)-2-2F 4l 2548-87-0 WA, BRIiE 3 1
22 7 106-24-1 B, REE%E 25 1
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Fig.2 Content of fructose, glucose and sucrose in tomato sauce
T ANFFBE (a~d) AR AT A S & 5 A7 7E 0 35122 5 (P<0.05);
AR F R (A~E) SR I & B AP B 25 7 (P<0.05) .
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Fig.3 Content of malic acid and citric acid in tomato sauce
TE: AR FRE (a~e) RS RIR & AR R ¥V 22 57 (P<0.05);
ANTF) T (A~B) AR & A7 B 5 122 57 (P<0.05) .
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Fig.4 Ascorbic acid content in eight tomato pastes

TE: A TR (a~d) UFRPUR IR & BEAFE B 22 57 (P<0.05)
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Fig.5 Pectin content in eight tomato pastes

T AT (aed) AR A AE R 22 57 (P<0.05)
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Fig.6 Radar map of tomato paste sensory evaluation
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Fig.7 Principal component analysis (PCA) of eight tomato
paste
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Fig.8 Correlation analysis of non-volatile components of aroma active compounds
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