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Analysis of Volatile Compounds in Roasted Peanut Shell and Peanut Cakes by HS-SPME-GC-MS
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Abstract: The volatile compounds in roasted peanut shell and peanut meals were investigated using headspace solid phase
micro-extraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS). Principal component analysis (PCA)
was performed on the relative concentration data. The results showed that a total of 119 volatile compounds were identified
in roasted peanut shell and peanut cakes. They were grouped into 9 categories including aldehydes, ketones, hydrocarbons,
pyrazines, furans, pyrroles, pyridines, amines and other compounds. The main volatile compounds in peanut cakes were N-
and O-heterocyclic compounds, including pyrazines, pyrroles, furans and pyridines while furans and aldehydes are the main
volatile compounds found in peanut shells. By PCA, 2,5-dimethyl pyrazine, methyl pyrazine, 2-acetyl-3-methyl pyrazine,
2-ethyl-3-methyl-pyrazine and N-methyl pyrrole were found to be the main volatile compounds in roasted peanut cakes
while 2-pentyl furan, nonanal, 5-methyl furan aldehydes, n-hexanal and decanal were the main volatile compounds in roasted
peanut shell.
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Fig. 1  Total ion chromatograms (TIC) of the test samples by GC-MS
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Table2 Volatile compounds identified in roasted peanut cake and peanut shell
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102 2522 E2-+—Tilh g — — — — 0414001 0244001 — — 0434001 0.39+0.01°
108 26.79 ok — — 03440.02°  0.1340.01° — — 0264+0.03 0.14+0.01"  1.06£0.02° 0.95+0.01°
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58 15.96 -7, -3 F R 12724008 7324009 8054£0.03° 3.0240.01°  5.69+£0.02° 334£001° 7354003 4.0240.04° — —
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65 17.40 3,5- 2 2 Hk-0-HU L g 0.94+0.02° 054£0.01°  1.54£0.02° 0584001 0794023 046+£0.01° 123£0.01° 0.67£0.01° — —
77 1904 25-THUES3-RT N 03440.02  0.2040.01 — — — — — — — —
78 1944 2-ZAE-35- LR 3.6940.04°  2.13£0.01°  0.61£0.01° 02340.01° — — 1.634£0.03" 0.89+0.02° — —
81 20.60 2S¢ [ E-6- FF FE I s 2284002 131£0.01°  465+£0.03" 1.74£001°  1.94£001° 1.14£0.02°  3.89£0.04° 2.13+0.01° — —
89 2228 2-HIE-3-P Rt s 04040.02°  02340.02" — — 0204014 0.1240.06  0.3240.02° 0.17£0.01° — —
90 22.51  2-ZFHHE-3A46-=HILMEE 0782002 0.45+0.01 — — — — — - — —
97 23.32 26-THUE3 (Q-FHE-1-THL) Mt - — — — - — 0434001 02440.01 — —
100 24.01 4RI -[1,2-0])-THE IS 0.68+0.04  0.3940.02 — — — — — — — —
101 24.68 2,5-Z FE3-RAkE R — — 035£0.01°  0.13£0.01° — — 0.114£0.01° 0.06+0.01° - -
112 28.04 2- T 43, 5. U kg g - - 0.53+0.04  02040.01 — — — — - -
IR (15 )
7 613 2-H S U -3 04340.04°  02540.02° — — 3394001 1.9940.02°  2.0040.03" 1.1040.02° — —
9 685 TR - - — — — — — — 7494007 6.7140.09
16 921 2-L A — — — — — — — — 0.5240.08  0.47+0.06
21 10.85 5-FEE IR IR S 1.6140.04°  0.9340.03 — — 2.8440.02°  1.6740.02° — — 6274007 5.6240.06°
24 1177 2R HENK I 1.084£0.03"  0.624£001°  1565+0.07 587+0.01"  744£0.04° 4374005  7.61£0.04° 417£0.04° 14.774028" 13244025
26 12.06 2- [ FE I — — — — — — — — 0.094+0.03  0.08+0
34 13.10 5= FRE- -k PR 1.08£0.03"  0.62+0.01° — — — — — — 1284017 1.15+0.01°
41 1382 5-2 3 SR - — 0.96+0.02  03620.01 — — — — — —
44 14.63 R - - - — — — — — 0.87+0.07  0.78+0.05
48 14.85 6- 1 U S - 2- — — — — — — — — 0.64+0.01  0.57+0.01
76 19.62 5~ FRE KT - - — - - — — - 0314£0.02  0.28+0.01
79 19.99 3R 0.73£0.01  0.4240.01 — — — — — — — —
822076 2,3- A 5174007 29740060 2924004 1.0940.01°  381£001° 2234003  830+0.04° 454+0.04° 0.09+£0.04° 0.08+0.02°
109 26.81 2-TFERIg 0.58+0.03  0.33£0.02 — — — — — — - —
110 26.84 - LT 1 — — — — 0.1440.09°  0.08£0.05 - - 0.20£0.01*  0.1840.01
TR (9 Fi)
5 446 N-H kg 39940060 23040.02° 456120210 17.09£0.12° 2339+021° 13724023 15.9140.07° 8.72+0.01° — —
10 776 2,5- Rt — — 0.13£0.09  0.05+0.07 — - 10.014£0.19° 5.4840.12° — —
33 12.88 2T S 2494001° 1434017 1.5440.01° 0584£0.01°  146+£0.02° 086+£0.02" 3404004 186+0.03" 1.14+£0.02° 1.02£0.02°
39 13.66 12 BE-2- s I g — — — — 020£0.12°  0.11£0.01°  043£0.01* 023+0.01° - —
40 1381 1= ALt — — — — — — 0.26+0.001° 0.14+0.01"  0.10£0.02° 0.09£0.01°
43 1445 2-Z Akt g 0.96+0.04  055+0.02° 0284006 0.104£0.02°  0.61+£023" 036+0.14"  148+0.01° 081+0.01° 0.75+£0.12° 0.68+0.01°
63 16.85 1- - s S 199£0.04  1.14£0.02 — — — — — - — —
67 17.86 1-Z BERE I IR T — — — - - - — — 0.84+0.05  0.75+0.01
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MERESR (5 F0)
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35 13.12 2-Z. g — — — — 1224001 0.72£0.01 — — — —
37 1335 2-ZfHHE-1,4,5,6-TUSUNE — — - - 0524007 030£0.01"  04240.01° 0.23£0.01° — —
73 19.01 2N — — 1274£001°  048+001°  1.51+0.01° 0.8940.01° — — — —
83 2109 144 LRI 1.9840.05 1144002 - - - - - - - -
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117 3132 NN-Z B — — - — 4854002  2.85£0.03 — — — —
118 31.55 NN-Z U F e - - — — 2861002 1.68+0.02 — — — —
Hi (150
20270 LR 4094006" 235+005  14840.01° 0561003  177£001° 1042001 491007 2.69+0.03" 497+£0.04° 4.4640.03"
30 1262 & — — 5481007 205+0.02° — — 37142004 2034003 045+0.03° 0.410.01°
59 16.10 UEES - — — — 0484007 0284005  0.79+0.04" 043£0.02° 0.85£0.05 0.76%0.03"
69 18.61 % — — — — — — — — 1444002 1.29£0.02
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80 20.03 2- %) — — 0.75+0.01°  0.28+0.05 — - 0.66+0.01" 036£0.01°  020£0.01° 0.1840.01°
88 22.00 4- ¢ FE-D-WRF KT 0.55£0.03"  0.3240.02" — — 027£0.13  0.1620.06°  042£0.01" 0.23+0.01° — —
98 23.40 4-C IR - RARAE 30710060 1761004 2032014 0761005 243+£001° 143£0.02° 2914007 1.60£0.04°  0.60+£0.12° 0.54+0.07
49 15.12 sl N 1234004 0.71£0.03 — — 15142001 0.88£0.02" — — - -
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87 21.40 4-FRHENE I 2831001 1.63+0.01 — — — — — — — —
93 22.87 |- -2 HE ke 1494105  0.85+0.62 — — — — — — — —
19 10.62 2,4-Z FIHE-0-— SUHEM: — — 0451001  0.17+0.06 — — — — — —
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Table3  Total contents of 9 classes of volatile compounds in roasted peanut cakes and peanut shell
MGG B2 ERnAal T2 A7
el REE ame BIR mweme BT mwsme MR gaame BB yame

WK (1980 1438£0.14°  83740.07°  332140.13" 124440.02°  17.09%0.09° 10.03+0.13°  22.94£0.09° 1255+0.11"  42.73%0.19" 41.80%0.10°
B2k (138 1.85+£021°  1.08+£0.02°  2838+0.11° 10.64+0.07"  2.84+040° 1672001 11372021 623£0.09°  4.18+0.10° 4.09%0.11°
B (128 176£0.16° 10240047 1691074 0.63+028°  2.18%020° 1294002  640+025" 3504005  7.64+0.09' 7.47+0.11°
MEER (27 FD) 115344031 67.13+0.34°  12223+0.24° 45.80+0.02°  76.34+0.38 44.78+0.58"  71.44+031° 39.11+£034°  240+0.01° 235+0.02°
BRI (15 A1) 10.68+0.78 6224008 19.53+0.13°  7.32+0.03"  17.48+0.17° 10.26+0.12"  17.91£0.11°  9.81£0.10°  32.33+027" 31.63+0.19°
M (9 F)  10.831043°  6.3010.05°  48.06+0.18" 18.01£0.11°  26.66+0.24° 15644027 33.52+025" 18361021  4.00+0.02° 3.91+0.03°
MEESR (5 FP) 23840400 1.3940.02°  1.85+£0.02°  0.70£0.00°  3.714022°  2.184+0.03  1.00£0.01  0.55+0.00° — —

ffE25 (4 F) — — 048+0.11°  0.184+0.00°  11.80£0.07" 6.93+£0.09"°  0.640.01° 0.3540.00° — —
Hitr (157)  14.60+0.83" 8504044  11.15+0.10° 4.18%0.05°  9.17+024" 5394006  15.68+0.13" 8.59+£0.04"  8.94+0.07" 8.75+0.02°
Bt 171.82£0.91° 266.58+0.86" 167.27+0.93" 180.90+£0.47" 102.2240.23°
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Fig.2  PCA scores (a) and PCA loadings (b) of different roasting flavors

FRIEGC-MS % 5 H SR 119 FhaE s v Kk i, Xt
5 BT JERHE B KR AT PCA, Wi E2F . PCARE TS
DA AS [R)RE i 1) USR0S B0 2 4k b e, it 754 R o
AN [EVRE S 2 1) ) P I L 2 SRR, AR s RN
FAL A9 5 5 S 2 T B B AT i e S /A B2
() PR R DG A A B AN [RIRE i TR0 Z AL A AR 5 i ) 22 S 7
FEP, i E2anT LLE L, PCUARRE BTG A B 7 21167 %,
Fe T TR R E sy PC2RRE T A2 & U7 210
23%, PCIFIPC2 R IR T L& M90%, 1 AR T
BRERIIGBE R KR, RIEYR2. SiRvi A
A2 5PCI R IEA R, MAEAREPCIEFAMK, W
BT PCLIX AR A PR AT AL A T2 IR e AR s B b AT
HI2,5- THIFEMEEE (W17) . N-FREEmEE (IES) . I3
e (I8) | 2-Z3E-3-FHIALNEEE (1§27) F12- £ Bk dE-3-
FRJENE G (I58) S8 B &Y 5PCIEIEAS,
B HURE LR AR DR I R B RR P s 2- R R (U
24) . EBE (W§57) . S-HIEEMRMEE (1821) . IECEE
(Ig6) FIZEWE (WE75) SFRERFINM R G EHPCIE
TG, AR ML 6 AR 5 P 11 32 B R

fE2am A, AREGR2. AR g R s iR R 235 5 PC2
BIEME, M FRAREYI 5PC2 2 G, @it
PC2A] AR G- b [X 43 AN [ A6 A R 2 18] (R 68 XUk . Pl
2b0T R, 2,5-HISEMEEE (617D | 2-ZFEIE-3- AL
(UE58)  FJEMEME (U&8) FH2-FJE-5-PJas kb e (g
54) AV SPC2R A, RARIRYH X T HAh
TEA DR RAME 5 R 1 2 Y s N-H R (U&gs5) |
2-ElE (Wg13) | 2-WIEEPNmE (1) | 2-JRKERRm (g
24) AL A SPC2RIEM K, HEFESE SR,
SFPC2BTHREE A, ARAR IR A2 X 51 F- o Ath A8 A= GERA L5 X
BRI B, 53 Ik B 5kt v O 1 Rk A
KM SRR ERYEAHL, miEi2aRs
PC2FIPC1¥ 2 IEM R, (HILFEPC2HIPCI _F 143 4 38
6, DR iR 2L 025 2 R R 2 L PR IR 2 45 S XUk 4
BRI R mR F 1 55—k,

K FHS-SPME-GC-MS MAS[FI 464 kK1 . FE 4 7%
() L UK 3R 55 e 9 R 2R 119 % K 1t IR ) ot
Horha BAE AP R RS, B, R, MEEEZE. R
Fe. MERE S MERES . R H AL S DA B R
BIE S 5910.84% . 4.91%. 1.61%. 49.21%. 8.40%.
14.57%. 1.21%. 1.87%. 6.67%, 455 % &BUEW
(AR & B4 9 941.80% . 4.09% . 7.47% 2.35%-
31.63%. 3.91%. KK . KEH. 8.75%. MMLEMIH
U TSR AR 6 B ok R, A6 AR DF v 32 XUk 4 5 it
05 S - SR B ] e S e B 7 Y R /B ]
il RN A A W) R AR A 58 rp 1 B KR . @i
PCA, 2,5- ~HIJEnEme, N-FIEEmg . FIEEE, 2-24
-3 PP RN 1 N1 2- 2 P e -3 FP SR ML IR 254 & ) 2 L R 1
AR ) BRI, 2- PR IE kIR . ERE. S-S
MR . IF OOl N 2 S A0 A b e A 52 rp i 2 2
AR o ASHIE FEATOT AN [R] i Ak S 4 IR 3247 T 06F LG4y
BT, T AE AR KL I8 XU 5 vy il M A A2 Y R 11 XU 4 I
XFEG, AR i FE RS TS5 1 A5 1 R L Je8 SR P 2 e A £
A, LR S S T R BEAT AT A BT, 0 i AR A
95 S A ) 4 R A, e R P I R W A 2 e XU 3
558 DA R LAt i B A6 A2 AR 7= B TF R, 6 T S B R 95 4%
SR, SR A B IR AN e Br (A EE R

S

[1] FiR. PRI THAR[MI. Jb5t: BHE HRREL, 2014: 197-198.

2] ESR. ARAEED I EY TR IS M]. b5t dr ROl K 2 AL,
2012: 62-80.

3] A, B, 2o AN THEARMI. 28R dbat: b2 Tkl g
#t,2012: 169-182.

[4]  ER AR LR BTEEIMI. bt shEAOL RS R, 2013: 18-20.

[5] CHETSCHIK I, GRANVOGL M, SCHIEBERLE P. Comparison of
the key aroma compounds in organically grown, raw West-African
peanuts (Arachis hypogaea) and in ground, pan-roasted meal produced
thereof[J]. Journal of Agricultural and Food Chemistry, 2008, 56(21):
10237-10243. DOI:10.1021/jf802102u.

[6] CHETSCHIK I, GRANVOGL M, SCHIEBERLE P. Quantitation of
key peanut aroma compounds in raw peanuts and pan-roasted peanut
meal: aroma reconstitution and comparison with commercial peanut
products[J]. Journal of Agricultural and Food Chemistry, 2010, 58(20):
11018-11026. DOI:10.1021/jf1026636.

[7] NG E C, CHIN E. Flavor profiles of Oklahoma-grown peanuts[D].
Stillwater: Oklahoma State University, 2003: 36-39.

[8]  ALICIA L S, SHERYL A B. Color and volatile analysis of peanuts
roasted using oven and microwave technologies[J]. Journal of Food
Science, 2014, 79(10): 1895-1906. DOI:10.1111/1750-3841.12588.

[9] SMITH A L, PERRY J J, MARSHALL J A, et al. Oven, microwave,
and combination roasting of peanuts: comparison of inactivation
of salmonella, surrogate enterococcus faecium, color, volatiles,
flavor, and lipid oxidation[J]. Journal of Food Science, 2014, 79(8):
S1584-S1594. DOI:10.1111/1750-3841.12528.



XK 53D

E6mill=

2017, Vol.38, No.02 153

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SHU K, SAKAI R, KUMAZAWA K, et al. Key aroma compounds
in roasted in-shell peanuts[J]. Bioscience Biotechnology and
Biochemistry, 2013, 77(7): 1467-1473. DOI:10.1271/bbb.130112.
DIDZBALIS J, RITTER K A, TRAIL A C, et al. Identification
of fruity/fermented odorants in high-temperature-cured roasted
peanuts[J]. Journal of Agricultural and Food Chemistry, 2004, 52(15):
4828-4833. DOI:10.1021/jf0355250.

GREENE J L, SANDERS T H, DRAKE M A. Characterization
of volatile compounds contributing to naturally occurring fruity
fermented flavor in peanuts[J]. Journal of Agricultural and Food
Chemistry, 2008, 56(17): 8096-8102. DOI:10.1021/jf800450k.
GREENE J L, WHITAKER T B, HENDRIX K W, et al. Fruity
fermented off-flavor distribution in samples from large peanut lots[J].
Journal of Sensory Studies, 2007, 22(4): 453-461. DOI:10.1016/
S0304-8853(99)00508-9.

NG E C, DUNFORD N T. Flavour characteristics of peanut cultivars
developed for southwestern United States[J]. International Journal of
Food Science and Technology, 2009, 44(3): 603-609. DOI:10.1111/
j-1365-2621.2008.01872.x.

ISLEIB T G, PATTEE H E, GORBET D W, et al. Genotypic variation
in roasted peanut flavor quality across 60 years of breeding[J]. Peanut
Science, 2000, 27(2): 92-98.

TRAREL, LN, U, 55 BUBTEAAT . JRAMATEA se b R itk
PR T, & SR, 2009, 34(1): 32-36.

BOWMAN T. Analysis of factors affecting volatile compound
formation in roasted pumpkin seeds with selected ion flow tube-mass
spectrometry (SIFT-MS) and sensory analysis[D]. Columbus: The
Ohio State University, 2011: 36-54.

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

HKNGE T . R0 AF o A8 Az oy AR R 5 R OS2 A [D]. B8 VLR K%,
2011: 25-54.

SN AR B AR R R A TR IS R 2y B 4 5E (D] UL
LA, 2012: 52-61.

European Parliament and of the Council. Regulation (EC). No
1334/2008 of the European Parliament and of the Council on
flavourings and certain food ingredients with flavouring properties for
use in and on foods[S].

ZHOU Q, YANG M, HUANG F, et al. Effect of pretreatment
with dehulling and microwaving on the flavor characteristics of
cold-pressed rapeseed oil by GC-MS-PCA and electronic nose
discrimination[J]. Journal of Food Science, 2013, 78(7): C961-C970.
DOI:10.1111/1750-3841.12161.

FRIGENG . xS AR AL 22 [M]. b5 [E e Tk AR AL, 2009:
166-174.

ELAESR. £ 5 KURAL S, b T 462 Tl i, 2007: 89-106.
B, LW, KEL, & POETEL b O & IR & Y BT
FLIT. HE AL RFE, 2010, 43(15): 3199-3203. DOI:10.3864/
j-issn.0578-1752.2010.15.018.

OZEL M Z, YANIK D K, GOGUS F, et al. Effect of roasting
method and oil reduction on volatiles of roasted Pistacia terebinthus,
using direct thermal desorption-GCxGC-TOF/MS[J]. LWT-Food
Science and Technology, 2014, 59(1): 283-288. DOI:10.1016/
j-1wt.2014.05.004.

BENDINI A, BARBIERI S, VALLIE, et al. Quality evaluation of cold
pressed sunflower oils by sensory and chemical analysis[J]. European
Journal of Lipid Science and Technology, 2011, 113(11): 1375-1384.
DOI:10.1002/j1t.201100095.





