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Fig. 1. Diagram of apparatus for the isolation of headspace
volatiles from Polygonatum odoratum root by SPME fiber
during roasting.

A Qi bath, B: Stainless container, C: Glass hottle,

D Thermometer, E : SPME, F: Fiber, G: Sample.
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Fig. 2. Effects of temperature and time on the equilibrium
of volatile flavor compounds between SPME fiber and
headspace of roasted Polygonatum odoratum toot.
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Fig. 3. Volatile flavor compounds of roasted Polygonatum
odoratum rtoot depending on adsorption steps with Car-
bowax/divinylbenzene fiber.
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Table 1. Volatile flavor compounds identified from raw Polygonatum odoratum root

Peak No. Flavor compounds R1” Identification”
1 Hexanal 1095 GC-MS
3 2-Pentylfuran 1230 GC-MS
4 1-Pentanol 1257 GC-MS
7 2-Butanone 1285 GC-MS
13 trans-2-Hexenal 1329 GC-MS
16 2.4,6~Trimethylpyridine (ISTD) 1364 GC-MS, RT
19 Nonanal 1389 GC-MS

22 2-Octenal 1422 GC-MS
26 Acetic acid 1457 GC-MS
32 Pentadecane 1500 GC-MS
35 Benzaldehyde 1511 GC-MS
33 1-Hexanol 1522 GC-MS
40 2~Butyl-1-octanol 1537 GC-MS
46 Hexadecane 1600 GC-MS
52 Dihydro-2(3H)-furanone 1620 GC-MS
4 2-Methyl-3-octanone 1655 GC-MS
55 2-Butyl-2-octenal 1661 GC-MS
56 Butanoic acid 1676 GC-MS
b8 Heptadecane 1700 GC-MS
59 Pentanocic acid 1744 GC-MS
63 Hexanoic acid . 1850 GC-MS
65 Phenol 1910 GC-MS, RT
66 Benzothiazole 1940 GC-MS
67 Heptanoic acid 1958 GC-MS
71 Octanoic acid 2047 GC-MS
72 Nonadecane 1900 GC-MS
74 3-Ethyl-3-hexanamine 2086 GC-MS
i) Nonanote acid 2090 GC-MS
79 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 2238 GC-MS
2l Unknown 2256 GC-MS

URetention index on Supelcowax 10 column.
Identified by comparing GC-MS spectra or GC retention time to those of authentic samples.
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Table 2. Sensory properties of Polygonatum odoratum root
tea roasted at 130°C for 15 min after steaming with different
times

Sensory Unroasted Steaming time (min)
parameters © 30 60 90 120 150

Color 425" 400° 400° 283 366%™ 347
Aroma 375 383 317" 383 433 433°
Overall 4.00° 4007 400 400° 433 415°
acceptability

YEach value represents the mean of the rating by 10 judges
using 5-point scales (1 : very poor, 2 : poor, 3 : fair, 4 : good,
5:very good).

“Means in the same row with different superserpts are sig-
nificantly different (p<0.05).

30min

120min 60rmin

——color

— 2= —aroma

——overall

90min acceptability

Fig. 5. Q. D. A. profiles of organoleptic properties of Poly-
gonatum odoratum root steamed at 100°C for different per-
iods.
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Fig. 6. Changes in browning color intensity of Polygonatum
odoratum root roasted at different conditions (A: unstea—
med, B: steamed).
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Fig. 7. Changes in reducing sugar content of Polygonatum
odoratum root roasted at different conditions (A: unstea—
med, B: steamed).
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Fig. 8. Changes in free amino-N content of Polygonatum

odoratumn root roasted at different conditions (A: unstea-
med, B: steamed).
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carbon % ketoneR 7} 8, alcohol$ 7} 35, acidR 7| 8,

pyrazine 57} 12, phenol®7} 1%, furanone 2 pyran®

AREZ O
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7H4%, 718} 730 2 el T acetic acid, hexanoic acid,
2-acetylpyrrole 59 0.8 =& daks WGt £33
A g1 #e 22 = aldehyde, hydrocarbon 2 ketone
F7} 72, alcoholF 7} 22, acid® 7} 5%, pyrazine®7} 3
%, phenol%7} 1%, furanone = pyran® 7} 5%, 7€l 6%
L 2 23-dhydro-35~dihydroxy-6-methyl-4dH-pyran—
d-one, acetic acid, 25-dimethyl-4-hy-droxy-3(2H)-
furanone, 2-acetylpyrrole 0] #8 F7|420 = e}
Wl o) U2 F FA F B 5FUY AT peak
area(%)7} acetic acid 8.17%9%} hexanoic acid 5.43%=

Table 3. Comparison of volatile flavor compounds identified from unsteamed- roasted (UR) and steamed-roasted (SR)

Polygonatum odoratum root"

Q,
Peak No. Compounds RT Peak area (%) Identification
{min) UR SR
1 Hexanal 6.73 0.21 0.46 GC-MS
2 Pentanol 1741 0.18 0.21 GC-MS
3 2.5-Dimethy] pyrazine 2192 043 0.30 GC-MSRT
4 2-Acetyl-1-pyrroline 23.04 058 057 GC-MSRT
5 Nonanal 2725 - 0.37 GC-MS
6 2,3,5-Trimethylpyrazine 27.70 0.16 -2 GC-MSRT
7 2,6-Dimethyl-3-ethyl pyrazine 30.60 0.26 - GC-MS
3 Acetic acid 31.92 284 817 GC-MS
9 1-Octanol 3452 - 0.22 GC-MS
10 2-Acetylpyridine 40.84 0.18 0.34 GC-MS,RT
11 Hexadecane 40.99 0.16 0.23 GC-MS
12 Dihydro-2(3H)- furanone 42.29 0.53 0.90 GC-MS
13 Unknown 4459 - 0.22 GC-MS
14 2-Octenal 45.00 0.25 - GC-MS
15 Heptadecane 47.10 0.24 0.34 GC-MS
16 5-Methyl-2-heptanol 52.33 0.35 (.43 GC-MS
17 Octadecane 52.83 0.18 0.22 GC-MS
18 Hexanoic acid 56.00 2.00 543 GC-MS
19 Nonadecane BR.41 016 - GC-MS
20 Phenol 59.19 0.28 0.24 GC-MSRT
21 Benzothiazole 60.65 0.16 0.78 GC-MS
22 Heptanoic acid 61.75 - 0.25 GC-MS
23 2-Acetyl pyrrole 62.13 2.35 2.33 GC-MS,RT
24 2-Pyrrolidinone 64.85 0.67 1.4 GC-MS
25 2,5-Dimethyl-4-hydroxy-3(2H)-furanone 65.53 257 2.43 GC-MSRT
26 Octanoic acid 67.23 1.11 - GC-MS
27 3-Ethyl-3-hexanamine 71.89 - 0.97 GC-MS
28 Nonanoic acid 7241 0.45 128 GC-MS
29 2-QOctenoic acid 73.36 - 0.21 GC-MS
30 2,3-Dihydro-35-dihydroxy-6-methyl-4H-pyran-4-one 76.85 19.78 19.21 GC-MS
31 2-Ethyl-4-hydroxy-5-methyl-3(2H)-furanone 71.73 0.87 0.31 GC-MS
32 3,5-Dihydroxy-2-methyl-4H-pyran-4-one 7775 0.27 - GC-MS
33 3-Methyl-5-propylpyridine 83.84 0.31 0.71 GC-M>
34 Unknown 35.50 - 1.08 GC-MS
Ri5) Dodecancic acid 86.70 0.21 021 GC-MS
36 Unknown 86.71 - 0.22 GC-MS
37 Unknown 97.10 5.09 5.03 GC-M5
38 Hexadecanoic acid 106.20 - 0.28 GC-MS

YSamples were roasted at 130°C for 15 min.
“Not detected.
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methylpyrazined] sr2Fdld] o} #4538 E49] 148
o] #3¥Edn sHEch Y 2-methylpyrazine
odor threshold7} 60,000 ppb= 2,5-dimethylpyrazine2
1,700 ppboll Wi w}$ ¥ peak area(%) = B)Fo E &
99 o ZA Fo o}x 2 Ao AvrEc o

©] 3.2 = acetic acid, hexanoic acid, octanoic acid€] sour,
sweaty o] BEAHo =2 Jelych 8z RI 20229
2,5~dimethyl-4-hydroxy-3(2H)-furanone(furaneol ) o A{
=~ caramel-liked] gko] UElg oo, 23-dihydro-3,5-
dihydroxy— 6-methyl-4H-pyran-~4-one?| caramel®} 2
£ &3 pEo] Bugg 79 §o] sniffing £ &
£40 2 ettt o9 AN E uf FEE A
F714 e AR £ AR gMT JeFe v B
ol BaAe] ¢ W A TS IA T A
LEeH, B Ao HAg 2008 dojzl F3
A ANEE QY AB AFED Tl g FLo vl

9 Aol

el&® 2-methylpyrazine,

lO R
= EUEL 2 f”[O

LH

_-lr

L)

g fo
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Table 4. Odor description of volatile flavor compounds from raw Polygonatum odoratum root by sniffing GC

Peak No.  Compound RI” Odor description”
1 Hexanal 1095 green, fruity, cut grass
3 2-Pentylfuran 1230 fruity, green
4 1-Pentanol 1257 green, painty
7 2-Butanone 1285
13 2-Propenal 1329 green, grassy
16 2,4,6-Trimethylpyridine 1364

19 Nonanal 1389 greern, soapy
22 2-Octenal 1422 green

26 Acetic acid 1457 sour

32 Pentadecane 1494

35 Benzaldehyde 1511 green, grassy
33 1~-Hexanol 1522 resinuous

40 2~Butyl-1-octanol 1537

46 Hexadecane 1595

h2 Dihydro-2(3H)-furanone 1620

54 2~Methyl-3-octanone 1655

55 2~Butyl-2-octenal 1661

56 Butanoic acid 1676

h8 Heptadecane 1695

59 Pentanoic acid 1744

63 Hexanoic acid 1850 sweaty

65 Phenol 1910 sweaty, sour
66 Benzothiazole 1940 smoke, phenolic
67 Heptanoic acid 1958 earthy, nutty
71 QOctanoic acid 2047 fruity, acidic, green
72 Nonadecane 2056 sour, sweaty
74 3~Ethyl-3-hexanamine 2086 sour, sweaty
V) Nonanoic acid 2090

79 2,3-Dihydro-3,5-dihydroxy-6—methyl-4H-pyran-4~one 2238 cheese

81 Unknown 2256 caramel, maltol-like

YRetention index on Supelcowax 10 column.
J0dor description as percieved by panelists during GC/O.

ol B8 $714Le| He AF

=
£ FYIEA 83 AZzF A< S22 (steaming) 7} F
]

[s}
7142 4873 = %S ZESAY £G 52
A2 FEAEY T ARy YR 54 SPME-
headspace Y 3 GC-olfactometryo] &3] £43« &
A AL F FUAES sk 529 249
Fe A FAAYT AR $84 A2

g 2 olrl=rlds FHL PLAFLH, B
2iss 188 g %Mzagur =S 2% (200C)

NN $84 4Fol ZA F2A A,
o AR AR AFE HE 5 2 AT
el o F7hehe AFolu FR Aol BE Aol
AT £ B2 (130°C, 158)8 F2H o P AR L
24 oi%o] BAgle] HAE APl o BEA A=

0(!

}‘ﬁﬁ}. a8 A e ATy AdtA g
N54L T F7E o FH GC/O¢ 9% sniffing &
19l green, fruity &< FW7F Webgt 3, sniffing £7
o dh, 4% g F 7t B o2 okstA UErs
o}, _“_LE]_L. sniffing :6:7]0 = X LH U]..E_L].PI_ bﬂ,\H 7‘:—1 51—21-
WA 5o] vttt @x28 T8 Y A%l sniffing
271d) ord Fu), o]E=Z nutty®H 2-acetyl-1-pyr-
roline(2-AP)¢] popcorn & 22 143 FZE ol
84 el 1 0)F 2 sour, sweaty o] BEHF o
Z et e carameldt 2L ¥ BB HEHE &
9] o] sniffing F-7]o &A= Jepyich £ AT
o|A] sniffing W] 2-AP= = 3¢S EFAS
key compound® AAHE ™, 43 & EH o] FE|AE
A2 Yl ME B 25 B ALY M FEAF
9 £ ol FasA aEelol F ook

7} ok

rio

~

r

r

K]
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Table 5. Qdor description of volatile flavor compounds from unsteamed-roasted Polygonatumn odoratum toot by sniffing clel

RI” Odor deseription” Compound

1075 green, fruity Hexanal

1233 fruity, green Z-Pentylfuran

1266 popeorn, peanut-like 2-Methylpyrazine

1316 nutty, earthy 2,5-Dimethyl pyrazine

1323 nutty 2,6~Dimethyl pyrazine

1337 popcorn, nutty 2-Acetyl-1-pyrroline

1357 resinuous 1-Hexancl

1379 musty, rancid, nutty 2-Ethyl-6-methylpyrazine

1384 fruity, sickly, raw green 2-Ethyl-5-methylpyrazine

1396 roasted 2,3,5-Trimethylpyrazine

1436 roasted 2,6-Dimethyl-3-ethylpyrazine

1449 mushroom 1-Octen-3-0l

1453 sour Acetic acid

1488 Pentadecane

1488 fruit, green 2-Acetylfuran

1504 2,6-Dimethyl-3-isobutyl pyrazine

1564 5-Methyl~2-fufural

1589 DODCOTT 2-Acetyl pyridine

1608 Dihydro-2(SH)-furanone

1626 potato 2 5-Dimethyl-3-(3-methylbutyl)-pyrazine
1634 burnt Furfuryl alcohol

1645 2-Acetyl-3-methylpyrazine

1851 sweaty Hexanoic acid

1916 {ruity, acidic, green Phenol

1946 smoke Benzothiazole

1958 earthy, nutty Heptanoic acid

1975 bready, walnut 2-Acetylpyrrole

2015 alkaline, raw egg 2-Pyrrolidinone

2022 caramel 2,5-Dimethyl-4-hydroxy-3(2H)-furanone
2040 sweaty Octancic acid

20587 2-Formyl-1-methylpyrrole

2087 3-Ethyl-3-hexanamine

2090 cheese Nonanoic acid

2238 caramel 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one
2248 maltol-like 3,5-Dihydroxy-2-methyl-4H-pyran-4-one

2. e

D?amples were roasted for 130°C, 15 min.
#3Symbols are same as Table 4.
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