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Comparative Analysis Demonstrates Changes in Volatile Flavor

Components in Peanut Butter from Different Origins

ZHOU Yuke, ZHENG Chuanyang, REN Xiyue, HU Yong™
(College of Bioengineering and Food, Hubei University of Technology, Hubei Provincial Research Center of Food
Fermentation Engineering Technology, Wuhan 430068, China)

Abstract: Differences in the volatile flavor compounds of four peanut butter samples, Chinese Yingge peanut butter (Z), American
‘Skippy’ Peanut Butter (M), Australian ‘Bekomms’ peanut butter (A), and New Zealand ‘pic’s’ peanut butter (X), were ascertained using
headspace solid-phase microextraction (HS-SPME) and simultaneous distillation extraction (SDE) to extract the flavor substances and gas
chromatography-mass spectrometry (GC-MS) for identification using the internal standard method. The contribution of different flavor
compounds to the overall flavor was analyzed along with the odor activity value, with results indicating the presence of 202 volatile substances
in the four peanut butters, of which 70 were obtained by SDE and 142 by HS-SPME. A total of 71, 93, 58, and 141 volatile substances were
identified in samples A, M, X, and Z respectively. HS-SPME was more comprehensive for the identification of volatile components, whereas
SDE was more sensitive for the detection of pyrazine and aldehyde components. The results indicate that sample Z contains the most abundant
flavor substances, with the highest aldehyde flavor content at 14 901.17 mg/L. Combined with the OAV analysis, we found that the most
significant contributors to flavor are hexanal, phenylacetaldehyde, phenylethyl alcohol, 2,5-dimethylpyrazine, 2-ethyl-3,6-dimethylpyrazine, and
2-ethyl-5-methylpyrazine. Sample Z showed the most abundant components and improved flavor quality compared to the other three peanut
butters, with a prominent roasted peanut aroma and apricot flavor.
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Fig.1 The relative content of volatile substances in peanut
butter extracted by SDE method in different regions
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Table 1 The relative content of volatile components detected by SDE

e ®E A A M # 5o X #dw ZH5
GES feehz it MmAC wgke)  4Flugkg) OAV A AFl(ngkeg)  OAV A 4Fl(ngkg)  OAV 14 4Fl(nglkg)  OAV 1A
KB 1534 350 487.6344.67° 1.39 348.974189.4° 1.00 295.5487.21° 0.84 404.84415.8° 1.16
—RTE 942 1978.9489° - 2877.14271.9° 3521.94409.8°
PR 970 12 - 73.75416.53° 6.15 - 64.3147.07° 5.36
S 1067 5 99.9645.29° 19.99 181.8548.2°  36.37 22.0147.14° 4.40 268.64484.17°  53.73
Y3 S 2511 - 24.7349.06° - 31.546.42°
L3S 1090 103.84.5% 48.69435.89° 81.72434.37° 125.47415.26°
Bk 5- T Jrk bk 2593 41.17411.82° 28.61420.69° 33.3244.72° 68.13420.6*
(14 7) E S 989 4 497854326.2° 124463 3795.0941 081° 94877 1728.824588° 43221 3445.98+444.8"  861.50
FR-2,4-% =k 1782 273.79420.32° - 271.61451° 6 136.34391.6°
4-F - KT EE 1773 122.87+10.81% 95.11431.64° 174.1942.44° 344.98497.56°
o-T - R B 1687 266.04431.64° 193.43+12.83° 92.43439.43° 274.22432 6°
o-(2-F A T A A)- K LB 915 53.2246.87" - - 67.96:+12.36%
5- T HK -2k -2- b B 854 81.2:15.72° 132.67431.23° 120.26:40.93% 119.96432.52*
2-F I A 1758 - - 25.424413% 26.9848.75%
2- /R B 1060 82.99+10.07° 67.03426.57° 85.19+17.91° 93.89+2.03°
LB B 2785 67.3249.53% - - 63.94:44.35"
E 2- ) 2581 - - - 19.9644.66
(6 7) 2,3-F —Ff 1364 3.8441.28b 163.33441.7° - 9.08+2.96°
S AR R 1018  0.479 - - 58514643°  122.15 112.3247.08  234.49
3-2.5A 726 32.48+47.33" 66.74426.27° - 61.7743.57°
KB 193 036  334.74#1653°  929.83 283.8441825°  788.44 1355.14630.3° 3764.17 311.86421.75°  866.28
- B 970 2946.98b - - 74.2:446.75%
(ﬁ;ﬁ) W 1607 - - - 196.94:28.09
KFEE 2222 10000  36.784B.96° 0.00 46.2913.08° 0.00 - 73.2143.19% 0.01
2B 2 440 15.0344.08° 35.57424.91° - 91.9429.54°
FEARER T B 2568 - - - 81.77 +13.01
Bs % AR = F B = F By 1497 20.83+10.83° 31.1537.5° - 54514453
(6 #%) ARR B =T8S 1101 21.0943.24 42.9414.95% 22.8245.12" 38.5642.79%
Ak 2-T Ak TEs 1158 - - 44.5644.13° 423.72419.26°




fed PN % M AR M X #-5 Z AR
GES B8 lugkeg) 48 /(ugkg) OAV A 4% l(ngkg) OAV 1L 4% /(ngkg)  OAV{L 4% /(ng/kg) OAV 14
1-F Jhokrk-2-2 B4 F g 2637 - - - 85.05427.55
SRR LB 1756 43.748.36° 49.92418,57% p 49.8149.76°
BRE (1#F) 12- K = F g 1583 - - 95.0244.08° 244.12431.21°
TR 1103 - - - 65.8544.25
, 12-=A.H 974 18.53411.86° 29.24:47.53° 86.01428.24% 19.2:44.38°
éé;:?) ¥ o 1747 24.1542.64° 19.4942 45 19.6146.45" 21.644.37%
1-+vath 646 - - - 72.5439.62
12- =80 1767 - - 20.5547.71° 19.7640.29°
Bk 4- Tt A2 F AR By 1733 750.39:484.54° 1034.74364.3* 244.23465.9° 778.284177.86"
27%) 2,4- 3T Ky 2149 90.28414.49° 111.76:41.04° 183.77423.93* 155.9247.86"
Bk (1 AF) 18- 73 Bk 1548 1063.54413.6° 307.84415.37° 1653.14309.7% 746.774238.98°
w3k & (1 AF) 6-FE = 7% 1756 73.1445.94 . - 171.9380.86°
2,6-=F Hhottk 2729 1500 1231417 0.08 7467429.12°  0.05 90.8447.99° 0.06 166.3+14.86° 0.11
2,5-=F jhottok 2217 08  908.59482.19°  1135.74 641.574392.7°  801.96 580.724247°  725.90 1051.31:4128.66° 1314.14
2-235-3,6-=F Jhoikok 1806 004  388.21#H7.17° 970525 254.2484.88°  6355.00 304.09+45°  7602.25 571.97#48.86°  14299.25
2- Jhotkok 60000 234.1742657°  0.00 1453145229  0.00 171.79479.12° 0.0 282.39421.02° 0.00
T ko 1266 6000  87.644582% 0.01 70.1422.57° 0.01 68.09+431.38" 0.01 121.5347.88° 0.02
2,3- = F soiteA 1265 2500  97.8246.35° 0.04 69.32443.45°  0.03 62.24437.75° 0.02 165.07416.29 0.07
2-23h-6-F Jhoikok 1841 100 113.332.77° 113 53.94439.74°  0.54 24859427 5° 2.49 182.56:413.27° 1.83
oA K 2-TH-5-F fhotkk 837 100 374.06427.1° 374 167.774342° 168 168.07+2.8° 1.68 440.62440.24° 441
(16 ) 2,35-= F ko 1322 1800 389.04454.15° 022 281.794029°  0.16 255.35415.14°  0.14 522.28456.42° 0.29
25-= T Hrkok 847 - - - 60.23413.33
2-TH #-6-F shotbs 2642 335444 31.1742.01° 33.79415.98° 46.8742.96°
2,3-= L HE-5-F Hhotkrk 944 54.3943.85° 95.14458.8° 51.44430.22° 112428.21°
2,6-= . 4h-3-F Hotkok 1567 143.96426.1° 83.57439.79° 87.66444,55° 213.0542.37
-9 E-3-(2-AAk)E 2354 - - 62.63+18.98° 95.4410.41°
2-2-356-=ZFiutea 1318 - - - 191.36415.44
2,5- =¥ 3-3-(1- Ak i)kl 2798 - - - 100.2147.91
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o
e 175 S A M A5 X #f o Z ¥
GES e B4 Nugke)  4Flugkg) OAV 1A 4AFl(ugkg) OAV 1A 4%l(ugke) OAV 1k 4Fl(ugkg) OAV 1A
2-iF SRk 1235 39.754.81° 53.54421.67° - 7945.1°
of v 2-T ek 2812 38.147.25" 29.1245,98° 36.5244.61" 57.02+10.57*
(4 F) 5-F 3ok mgls 2123 41.1741.82° 28.61420.69° 33.3244.72° 68.13420.6°
2,3- =& Kok 1239 171444195 1415.32277° 407.99+78° 1 556.94596.9°
1-% Jh-1H-vkr% 2100 350.6542.88" 192.92475.4° 510.984141° 376.08436.84"
B - 1978 - - 32.14:411.67° 54.01:410.06°
pigig‘ 3-9 3 -1H-vikek 2603 35.7542.2° 36.4743.21° 20.12410.22° 44.4543 99
2- LBk vtk 2658 170000  85.9+436.3° 0.00 59.72449.68°  0.00 - 137.02472.65*  0.00
3- T -4 -1H-vibek 2753 307.38416.95° 166.44484.9° - 202.58481.01°
ooz L% 1785 2000 - 238241254 001 12.4242.04° 001 14.3144.02° 0.01
2#F) N- ZBt Ak -4(H)-mte2 2874 25.1743.81° 36.76410.9° - 24 4246 64°
&) = ¥ 3 995 - 20.5247.61° - 11.6 +2.93b
(fgf) TR 1063 66.31210.05° 66.259.98° - 54.36417.62°
1,24-=ZF K 1682 - - - 1742.13
7 2 SPME KMAMEA MO REE
Table 2 The relative content of volatile components detected by SPME
e ®E A AFE M # & X #dt Z F
me feash it gk & E(ugky OAVIL 4 El(ughke) OAV(L 4 Blugkg OAVM 4Bk OAVIL
K 1400 0.04 - 24194648 691.14 - 2.2540.18"  64.29
3-9 fkeEe-2- T EE 2255 - - - 22.4543.47
» 6-(4-F EE-1-3R T N-1- 21 )- 4 ek 2500 - - - 228.5439.9
(%jj) 4-FEA R TR 1644 56.7249.5° - - 11.341.84°
[ vz -9-F 5 1336 374.1443.1% 81.9647.41° 28.0742¢ 40.55431.08°
2-FHORFEE 1284 - 2.1940.1° - 4.6543.74°
KB 1000 4.00 - 750.1414.63 18753 - -
2-8 T RHAE R 1725 - - - 1.140.78
N B R F bR 1286 - - - 41.6536.58
(fg i) 2-(TA)A T F AR TR 1874 - - - 78.59-+10.45
2,6-— AR L 1348 - - 366.78435.86" 524.6434.1°
1-(3,5- = T H-4- - H)-A-1-FR 1854 5.3540.06° 21.0443.32° - 143.74479.52°
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Teeh ®RE B AR S M 4 & XH & Z s
UES fuash it I (ngke) SFiugky) OAVAEL  &&/ugke) OAVIE  &Elugke) OAVIE  &%/(ugkg) OAV 1A
35-—d T h-4-HZ A KT 594 - - - 17.240.18
2,4-% — 2062 - - - 168.88494.45
2-(2-F A A R)AF LK THR 1982 - - - 215.4415.82
3,5-3 = F kAt 3 -2,4,6-3F & = H-1-B 2484 - - - 11.134.6
2-(EEA )AL F AR TE 2335 101.3747.7% 86.43412.1° 148.98454.8% 12.8641.5°
5,6,7-= % Eik-1-2 i R 1860 - - - 5.89+44.09
4-F2 3 -2-F KK LA 1444 - - - 1219431
6,7-—F L -34-— & -F5oh-1-FA 1510 - 9.2241.21° - 31.254.76°
X TB 1127 - 13.754.2% - 0.4740.36°
5- T fk-2- % 1192 125.3477.2° - - 8.5742.13°
2-+ Bz 2099 - - - 9.39+43.28
2,4- K =B 1982 3436.694410° 390.21456.23° - 8.184.17°
34-=F jh-2-0.B 840 - - - 1.8840.65
3-(1H-3R-4- L A HL)-1,2-R — B3 2 469 - - - 1.6840.75
2-F Hh-2,4-K =B 2415 - - - 12.99+44.23
35— A FE 1360 - - - 135.1449.6
BeBs 2164 / - - 113.2419.4
Bk 14-T=8 1798 - - - 1.740.99
(207) 3-W - TE 939 - - - 62.9418.24
gt 2185 - - - 14.7946.78
ZHWL B 1144 - - - 11.5842.23
2-1 B 1253 - - - 12.9242.72
2-+ LBz 2481 - - - 5.0740.1
Hik B 2155 - - - 59243
(2RAR)-(-)- K =82 2178 407.78428° 55.93+14.15 - 52.44-419.01°
LES T Y3 1417 - 64.81413.13° - 15.8148.21°
1-k B 2437 - - - 241434
9-# B 849 - 15.86:41.23% - 1.1640.22°
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Ny ®E  RE A M #£3% X A% Z # oo
GES DM B4 /(ngkg) 4F/(ngke) OAVIE A 3/ugke) OAVIE  4F/ugkg) OAVIE  4F/ugkg) OAV A
N-F 2 -N-3R 28 - B 3010 - - - 0.776.09
N-3K F B H 2L F By 2560 - - - 6.3640.99
FEA B+ = bk B 2113 - - - 1.5242.16
92Uk Lt kg 2515 - - - 5.9440.39
2,4-Z 5 KV B g 2712 - - . 327.84439.37
2-32 2 -3-(4-"yk 2K ) A B 1741 - - - 16.8629.7
1- R IR T B AR AALBR Bl 1563 - - - 111.5+16.76
N-% 3 b A Ak -2- Tk B 2471 - - - 11.264.78
5 AR L T B 2961 - - - 14.7646.74
2-+ Az Ak g 1964 - - - 33.144.38
(3-#K-2,24-= F I RIN)2-F A R BR B 2854 - - - 86.33+1.7
3+ A Az A By 2364 - - - 265.43423.9
CHRAR LB 761 - - - 17.62:40.78
3-(LI-=F AR THA)4-H KA = FE 2247 - - - 129.29:441.43
sk 2-F k- By 1707 - - - 34.8946.92
(36 ) PSS X Lol 1500 - - - 21.5742.22
13-K=_F8, 5-CAkL-— T 1574 ¢ - - 516.2436.34
2,6-7tmE — W ER T A3 T B 1752 - - - 122.61+17.83
Fhi B = T By 1571 - - - 59.33413.2
A AR T B LB 2613 - 9.5542.1° - 54.3943.34%
BT R TR = U AR BR S 2147 - 1.0340.04° - 1.3540.37°
¥ 8% 57 7 B 1799 - - 1445.9463.63 45.2147.12°
B A-1-(T AL A B 2364 - - - 52.8744.05
N-F 25-T B 2414 - 5714.1° - 13.1542.45°
4-T BJ-4-B X T B 1871 - - - 11.094.55
T APER = (= AT A L) B 2147 - 1.1340.12° - 1.5540.78°
2-(4-(A T £) KAL) TR F By 1315 - 2.8340.2° - 1.5140.72°
N-(2-ZH KL )-R B 2341 1.2440.34° 13.87H.57° - 5.55-4.58°
2-(CRAE ) R BR T BF 2151 - 1.9440.35 - 3.0642.58*
6,8-— A-4-F2 - T B 1471 - 0.6740.02° - 15.48+47.48"




k2

ity N ®YE  RE A Ff s M H 5 X # o0 Z # o
GES wenLH FE Nugkg) 4F/(ugke) OAVIE  4F/ugke) OAVIE  4£3/ugkg) OAVIE  48/(ugkg) OAV 1A
At R B 1515 - - - 11.4542.04
dodec-9-ynyl &5 - - - - 11.164.63
2-(ZTEIAMHR)- LB - - - - 13.8745.48
T B, 3-(RAIEI)- LAs 891 - 21.1147.45° - 0.4140.58°
5-F FUL-F B - - - 12.1543.05
6-(4-TEIFKI)-3-F Hh-4-8MK-4567-09&A-+RB - - 71524523 18.32:44.59" 3.7745.33°
FEg 1378 - - - 13.0344.29
12- R =F 1151 - - - 67.8742.65
4-FIHRF B 1600 - - - 14.8146.81
STR = F B 1697 - - - 127.5438.4
35-—d T Hh-4-F K AR 1540 - - - 129.9439.3
) 3- BRI -2-F A RS- A- R B 1167 - - - 331.2444.1
(fg‘i;) F AT 2151 - - - 1.044.47
8-F\-5-" AR 2161 - - - 1.8241.16
Frmtk 1649 6.31.83" 8.1841.25" 187.45:11.54° 6.644.26
OH-% -4-% B 1717 - 8.0841.25" - 11.7342.44°
IH-vHko-3- %1 B8 1512 - - - 3.4242.46
6-F2 Ao -2- A B 2134 - - - 11.4342.02
3-(A RAKR T BLA)-2-F AR 1871 - 9.742.32° - 1.76:4.08°
> § AR = AR U 1791 - - - 1.0940.12
5-F AL A -2,3- TN 1721 - - - 17.36:410.4
J5 K 9- A ZAMIR[3.3.1] F-2,6- 1987 - - - 1.5640.79
(6 #F) R 23-TF A -b-FR-b-A R Tt 1740 - - - 0.350.49
R R-3-TAK-b-FHA-b-R A KK - - 5.1840.64° - 2.484.24°
3-(2- IR R )-2- F -1, 1- = R -1- A 1974 - 2.7340.1° - 10.2440.34°
LIRS 2,4,6- =T KB 1951 - - - 1.9440.75
© ) 2,6- =4 T X8 1834 : : : 2884007
4-2-2,6-3(1,1- = F 3k T H)- KB 1644 - - - 3.1340.43
25- AR T R-A-((Z T A F A 8L ) Ky 16 - - - 25.65+47.98
2-R k-4 = LK By 1741 - - - 34.8146.81

S0



90€

R 2
w‘é\_% P 4,%%: B AR M A5 X #dt Z #dn
GES B4 Nughkg) A8 /ugkg) OAVIE  4F/(ugke) OAVIE  4F/ugke OAVIE  4A%/ugkg) OAV 1L
B 2EH 1378 - 3.9740.26° 9.56:43.62" 12.543.24°
25- Z4F T R R =8y 1722 - - - 376271
Ay 1716 13.1344.43° 11.744.17° - 4.5946.49°
6- T A -2-[(4- Dok 2k ) B AR ]-3KE 1914 - - - 1.1240.17
4,6-% ZWmk 971 - - . 51.01:12.14
3-SR BLAE R T Bt 1165 - - - 13.565.04
] i R AR R 1025 - - - 1.540.71
(iii) Alternariol 3 ¥ Fx 941 - - - 513.8749
F 9 5k 1046 - - 53.3844.78" 134.26:43°
2-R T T A 963 - - - 78.9742.58
F AL T 2-% LA Ak 1058 - - - 14.1245.82
B 7-F R -2- R -1H-%3 1054 . 0.730.15 - 1.4940.54°
uzlsif)( 5- 9 3 -2- R AR 862 0.5340.74° 9.8742.15 - 21.443.39°
1-%F kgl 2223 - - 1013:+147 12.274.79
2,6-=F Hotlok 1839 150000 2138.24385%  1.43 0.6940.14°  0.00 44.26429.88"  0.03 29.5442396°  0.02
2,5- = F Hotkok 2225 080 1991.74583* 248963  257246.15° 3215  11945#1951° 149313  30.38+21.18° 37.98
o 2-T4-3,6-= F HottoA 1587 004  1951.84685.9% 518.1497.3° 10714313.7° 288.4148°
(6 #) 2-TIR -3 5= F ook 1222 - - - 150.5247.45
2- BRI -3- T kit 1606 - - - 17.29-414
2-9 Hothk 60000.00  21.1841.67 0.00 - - -
ok 4 (L) 2,3- ARk 945 16.3749.01° 7.1140.69° - -
Ptes 2 (1FF) 1-(RIAR B )itk 1215 - 18.144 44° - 230.92424.3°
Pt 2 (L7F) 2-F Jh-A-(=F AR )ik 1417 134.93449.4° - 444.154297.1° 54157458.79*
2-F IR A B 1341 - - - 212.8432.3
N-(4- 8K = 2R[3.3.1.1[3,7]]dec-2- &) Z.BE A - 166.8494.47° - - 160.73472.94°
- 4-CRIFBRIN) R 1005 - - - 15.7848.17
(16 #+) 1'(4'%2{5;);2;541' ‘ﬁ;&ix‘ 2T 4] 1476 - - - 34.3246.12
S 1
BX 13-% #7b %2 Bt - - - - 161.51486.99
8] - R AR 1641 - - - 1.88+1.24
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k2

ﬂﬁ’a\‘ffh P 4%%7 B AH S M A & X #do A
G B Nugke) 48/(ugkg) OAVIE  48/ugkg) OAVAE  4%/ugkg) OAVIE  4%/ugkg) OAV 1A
N- 2 -3 F 3 e 1658 - - - 2.3530.5
N-[4-(2-555-5-F SO F AP BON)RA-ToR 1479 - - - 2.1740.24
4-(2-FH UM A)N-(35- = F A -1-vtbod L F A )- KM 1761 - 133.545° 1.5940.25 1.0349.73°
A-PLFEEN-(4,5- T F AR -2-A R B R )EA 1931 503.7436.13° 245.6430.1° 8.95:46.55° 4.3743.1°
2-(2-FR FFoReb AR )-N-3K T BL W k- L BLAE 1415 - 0.52:40.09" . 12.5742.22°
N-Z-N-(3-F ALK R)-3-F k- A Bt 1047 - - - 143.55461.59
N-F 2-1-2R bz B 1004 - - - 54,5434.65
N- T #-2-F R 1555 - 2.59:40.45% - 4.4643.48°
2- H-6- TR K 1364 - - - 2.6642.34
N- 22t 9 3K e 1598 - 29.9546.23" - 4584223
&) =¥ 3% 978 - - - 21.0415.62
o e P 1095 : - - 464056
(B #)
12-—9 % 1868 - - - 1251435
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22 A RE A B AR R MR AR A

221 BERAEM AT

P 1 7= AR 5 S IR AR AN i 7 1) B A A A %
YIRS, WA R, R SRR,
(H—ERNRIRE, QIRKEEAD O-REE, HRIERUK, X
SRR TR R Tk ke K 2l A B & i
A, KRN A SE BB, HIMK NS
KRB EERETRS Y, 7E AR MRS,
X FES A Z FES R s A PRSP & B i s
(KIEEEYIIR 2,4-1% "7 3 436.69 pg/kg.
222 BESERAASMHT

R AP BA 7 A RS RIE REE D,
RZEAE. B WERESES, BERET
I A A PO ER IR R PO AL/ P, AR — PR
T BERS AR — 2 R MRE S, RSO E
AL M. X, ZFEHIMRH; FRIEIR Ol A —2
B, BRI AP, (UE Z RS R
223 BRENSMHH

LRI 2 A R ARP, 7E AL M. X,
Z FES PRI 1,2-28 = IR BAT R K SRR,
16 X Z FESPPREINH s R B R IR KR AR,
1E Z FES PR H .
224 BRENSMHHT

WA a s TR BBIE S, &A% P,
AR IR SIS H B RIRA T A, B R AR
b, M EEAR. TR, WERME
YA G BUERAR, RAEAE I AR DTk K,
225 BAERRAILEH

SRR = ERIR T R A R
YEH Y Strecker F#fFE, &HIKE, KZ EIMAERHRFE
AR, R TS AE A R e R B Y
JEZFRER Y, 4 FhRES ORI R R, K
W, “HWE. CRE. 5-HIEETRIERE, KB AA
WRENAEE SRR, NEA I R A R ATt
VEF BRI R AR, KR 2. ReEnis, 2
b B R & . A RER PRI R B i
IERPI AR LS 5N 4 978.5 ng/kg.

W24k &) 2 SRR T ANEAN IR IR SA AL R e,
A RERIR T BRI E BRI B, Bl BRELAF XS
AR, RAAEEE PRI EERI R A2 —. 2-1K
T A bt SRR L R A T A A RS, Bl DU
FE A R
226 BEr. BEEIESYIOAT

MR FURZ R T A4 RS, 2t —
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FRUHEE . 2585 PIRFIRAT . (EANIRELIG 4 FifbA B
SR S BRI 2,4- T RUT HIERY, HARIRM
27, BIEME AL M. FZ BES Gk, B
B AR B )R

B SRACEIRE N, RRErESE, 6 Rk
WEL, RO AR, K2 BRI R
B, IR TSR AR, 18- TR 7E DU R fE A ke
an AR RT I ok, b X 2R B A 1653.1 png/ke.
227 ZRIREALLY

AU SEBSASHI H () KR 5T, 28RS IR
M Z, MRS ER . AR SRS
TEE, (RIS RS R e A e v i E
JRAEE, e SR S KT TR, PR
AL 7ih s Y AL ol I 7/ = R S i 0
Frdnttigg B WK, HUETRFIEREIR, 1 2,35-=
PRI S T R IR SRR, kO, s
2,3,5- — HIELNEEE, 2,5- FALIEIEE . 2,6-— 2, 0k-3-H
FEME S BRONE S, XA SR E F WA
Ko 25 LHEMGEEAREEFHANGE Z FEi A
DH o AR sl e v B BRI R 2,5-—
FHEIE R B0 2 799.59 ng/kg.

KRR I B AT 85 Pk SRR, 3 BRI A
SEFFI AT . VP2 SR A R RHE S S
1E 4 FPRESH ARSI HH KR 2,3- AT, $Rt
WIKERE. R A My Z HEf /DRSS
A PDERIERE A A D, I SR E KT g 5 AR
frwkIE A XBY, FEAE S AR AR R e LML &
Yy Wt SR, T 2 R P RE X S
Jefferson Z5BARFIE—3. AR XA B R K
AR T ERZESR, SEUS R A5 T RERY)
JRFPRAIE BAAN A, W™= RIS R XU 1
Z AR X o

2.3 WA AL A B KR A BT B OAV 2

FE R RURAL B AN & B HAFTREA TR
BRI TTHR. XTERIITTR, R R ESEAMER MR
(IE R BB RS, & - OAV Z T RS RN R MR 1)
TR R 45 Aokt AT

Fi OAV SK5E fE PN A IR R A SO A X
MR 14 DTRR 5 J2E T F X R P XU BT R SR R XU i 5 o
OAV [EHER, T IHIZ 8 3 Xof 5 ol S JXUIAR 1) 5T Rk
K, OAVZ=L [R5 BTRE b (1 G KR AL 5420 5
0.1<XOAV <1 IR/ S B i A AT FEUEA T o

R 1. R 2 /AL DUREA B s XUk Tk
BEELRILEY) (OAV=1) AR, K. K2
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. 2,5- " HISEMEER, 2-2.3E-3,6- - FFENLEE, 2-2.3%
-5- FH BRI 2 o R DTk K o 2- £, 35-5- F BRI o)
Z FESLERRIRTTIRECR, HehE 227 obifgit Z
FER B A TR BN R . KBRS Y5  RIE
i, AHAERT SRS, AR T XA R XU R AN
EHEERBHER (0.1<0AV<LD), XfHAh=Fte 4t
B RIRTTIRE R, 454 2.2.7 A HTEE X FER AT REEL
HAh =Mfp L& b Ak, 454 OAV 58 2,6-
THISEALEE . ZJENEEE, 2,3- T HIBLIEE . 2,35-=H
HE Ik v X DY AR AR e XU BT R AR B 35 4& 1 1E A

(0.1<OAV<DL). JKEEXT M FEEL S Z FES IR R
AHERKIDTER. Z FER I OAV fE N 17 642.63 52
VURTEAE S i ), KR, AR T 2
T HoAth = e %

3 Zhip

AR FH HS-SPME A1 SDE 75545 & GC-MS i
4 AR AR AR 3 I R O 34T T 43 H
SDE ¥EX i F& ARIE R IR i IR B
1M HS-SPME Ei& H TR K L&Y (k.
FESa5), HARMURAFARXT AN, BELbE B s 2B
A RAE R o 4 FfEA B L ST R R I 202 F1,
Hrh SDE %5 H 70 A, HS-SPME %55 H1 142 Fft, ¥
FOTERH: AR MEES . XFER . Z FEA T
Y TR, 93 Fh. 58 B, Al 141 FRERNEVI
A FERL IR S 8N 9 050.73 pg/kg A E
(1) 27.05%, Z #¥fh I RIRY) B Fh S i P 2R
R S N 14 901.17 pg/kg. 454 ROAV 73T,
BiE 6 T AR MR (ClE. KR, KRR,
2,5- IR, 2-2,3E-3,6- ~FIEIEE . 2-24.3E-5-
IR ) S50 DU A 3 PR R AU AT B B DTk
FEHEEN =MIEAEE (AL ML Z) BEAERRER SRR,
PRI o 2-£.38-5-H FEMEETE Z B s s R X
M EETTER . 28 FATIR, 456 KRR &
AT ROAV 7 i AT LA HH LA Z F b KR R A3 e -
PR R B A =R A, SRR AR, A
MR o % T AN )7 [X AR AR 3 4 R M XU
Ji, AR AT R & A6 AR e U ) DTk DA ST )
JRAFAE,  BIFFE 45 FONAE A 5 RR AT 7 2 T AN 2
HE T — B RHE A FI R A
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