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Abstract: The study was aimed to explore the differences in physical and chemical indexes and volatile components of
different types of Amomum tsaoko powder. The physicochemical indexes of A. tsaoko powder such as color difference,
essential oil content, moisture content, particle size and surface microstructure were investigated. The volatile compo-
nents of A. tsaoko powder were analyzed by headspace solid-phase microextraction and gas chromatography-mass spec-
trometry. The color difference AE of seven different fruit types of A. tsaoko powder was from 19.17+0.29 to 25.15+0.17,
L" value was from 72.50+0.23 to 76.87+0.07, @' value was from 5.17+0.05 to 6.97+0.15, b'value was from 12.350.43
to 16.91+0.43. The content of volatile oil was from (0.76+0.01)mL/100 g to (1.30+0.26)mL/100 g. The moisture content
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was from 11.13%+0.12% to 15.05%+0.23%. In terms of particle size, NL5 and NL6 fruit powder particles had the larg-
est difference. A total of 31 volatile components were detected in the seven fruit powder, and 17 common components
were detected, mainly aldehydes and alcohols, including 2-decenal, (E)-, eucalyptol, citral, geraniol, geranyl acetate, etc.
Among them, 28 volatile components were detected in NL2 fruit types, and the relative content of 2-decenal, (E)- was
the highest (22.24%=+2.29%). The relative content of eucalyptol in NL5 fruit type was the highest (17.52%+2.16%).
Therefore, there are some differences in color difference, essential oil content, moisture content, particle size and sur-
face microstructure of the powder of different fruit types. The volatile components of different fruit types of A. tsaoko
fruit powder have both common characteristics and differences. The research could provide theoretical guidance for the

production and application of high-quality pure natural A. tsaoko powder.
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Tab. 1 A. tsaoko samples numbers and characteristics
% T IS e K g K/
No. Area/mm? Perimeter/mm Diameter/mm Longevity/mm Width/mm Length/width
NL1 1015.50+163.27 137.90+13.13 35.86+2.85 44.34+4.79 29.23£1.80 1.52+0.13
NL2 814.13+59.54 120.38+6.33 32.18+1.19 38.84+3.00 28.31«£1.11 1.37+0.11
NL3 1106.42+174.54 140.38+10.86 37.43+£2.93 41.02+5.06 35.31+2.71 1.17+0.16
NL4 796.77+£161.00 117.06+13.54 31.71£3.16 34.08+4.04 30.16+2.62 1.13+0.06
NL5 670.68+127.30 109.46+8.27 29.12+2.62 33.17+2.77 27.82+2.85 1.20+0.10
NL6 514.40+159.60 93.99+13.97 25.33+£3.82 29.47+4.08 24.02+3.33 1.23+0.06
NL7 920.59+94.72 127.39+£7.17 34.20+1.74 45.02+3.04 27.45+1.44 1.64+0.09
G E2 ) Al fhi il i B
No. Mainshaft/mm Counter shaft/mm Declination/° Roundness/° Compactness
NLI 43.90+4.83 29.33+1.85 -85.11+40.82 0.67+0.06 0.82+0.03
NL2 37.16+2.21 27.89+1.24 -102.38+23.95 0.75+0.05 0.87+0.03
NL3 40.12+4.88 35.06+2.86 -91.06+28.21 0.88+0.10 0.94+0.06
NL4 33.54+3.98 30.00+2.60 -81.82+31.95 0.90+0.05 0.95+0.02
NL5 31.06+2.61 27.33+£2.97 -96.87+£23.05 0.88+0.06 0.94+0.03
NL6 27.07+4.30 23.72+43.44 -76.79+38.95 0.88+0.04 0.94+0.02
NL7 43.26+2.74 27.05+1.32 -97.74+25.29 0.63+0.03 0.79+0.02

E1 AREREEREHNIN
Fig. 1 Appearancein different types of A. tsaoko powder
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Tab. 2 Color difference in different types of
A. tsaoko powder

45 No. L a’ b AE

NL1  73.63+0.19° 6.84+0.03* 16.91+0.43*  24.70+0.37°

NL2  74.33£0.09° 6.46+0.01° 15.45£0.27° 23.2240.08%

NL3  72.50+0.23° 6.92+0.11° 16.12+0.11° 25.15£0.17°
NL4  74.71£0.10" 6.66£0.01° 15.54+0.26° 23.03+0.21¢
NL5  73.55+0.14 6.23£0.06" 14.88+0.04° 23.46+0.14°
NL6  74.66£0.20° 6.97+0.15" 16.30+0.18° 23.60+0.15°
NL7  76.87+0.07° 5.17+0.05° 12.35+0.43° 19.17+0.29°

HF: FPIAR/ NG FRFRRZRBE (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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Fig. 2 Essential oil content in different types of
A. tsaoko powder
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Fig. 3 Moisture content charts in different types
of A. tsaoko powder
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Fig. 4 Power particle size profile of A. tsaoko powder
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Tab. 3 Power particle size in different types of pure natural A. tsaoko powder
= jn = i e
éﬁj Dio/um Dso/um Doo/im Specific suriziﬁe:/(mz-kg" ) Dis%criﬁz)icy
NL1 16.63+0.25° 161.33£17.79° 425.00+57.38° 146.20+1.04° 2.58+0.66"¢
NL2 17.70+0.46¢ 172.00+15.39° 587.00+43.71° 139.77+3.67° 3.34+0.49"°
NL3 20.37+0.32° 147.33+5.13° 431.00£62.65™ 131.33£1.50¢ 2.78+0.36"¢
NL4 19.23+0.15° 253.33+5.86" 473.67+16.29" 125.67+2.00° 1.80+0.10¢
NL5 32.53+0.67° 585.67+249.08" 2243.33+195.02° 83.62+1.90" 4.12+1.26
NL6 13.90+0.30° 152.00+5.57° 556.00+18.36" 162.63+3.20° 3.57+0.03%
NL7 18.57+0.50° 212.33+8.62° 502.33+15.37" 130.37+3.25¢ 2.28+0.07%

I FSIARR/NG FRERR 2257 B3 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

Fig. 5 Scanning electron microscope images in different types of A. tsaoko powder
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et AS ) SRR A SR SR v, NIL2 19 2 -2- 28 J T R X
e, N 22.24%+2.29% ( P<0.05), NL4 t
HE BRI, M 14.13%+0.94%, NLS5 HIAH- i
X BN 17.52%+2.16%, 3% w1 Hfh 5
(P<0.05), NL3 [k ihEAH X 2 ik, 4
9.49%+1.60%., NL4 B IRFE LM i 2
Fie 75 I i e T AR A, O 10.65%+
0.61%. FHULTEA, AS[R] SR F LM JLFP 22
FERVER M, (BAT S AR

R4 TRRBEREMERERS

Tab. 4 Composition of volatile compounds in different types of A. tsaoko power

e 1558 waemes Tt FHX} & & Relative content/%
No injiE] Compounds Molecular ~ CAS
© RT/min name formula NL1 NL2 NL3 NL4 NL5 NL6 NL7

1 5496  B-jEME CiHjg 127913 0.38+0.15°  0.41+0.30° - 0.98+0.99° - 0.82+0.68"  0.40+0.28"
beta.-pinene

2 6.511 g KIERS. CioHis  99-83-2 0.80£0.47° 1.50£0.92 0.40+0.24° 2.23+1.05* 1.56+0.41® 1.42+0.61® 0.61+0.11°
alpha.-
phellandrene

3 7.621 b CioHigO  470-82-6  16.61+0.67" 14.16£1.46™ 9.49+1.60° 14.95+1.14™ 16.93+0.11° 11.76£2.39" 15.90+0.90
eucalyptol

4 8.639  3-E% 3-carene CioHis  13466-78-9 0.97+0.67° 1.09£0.65® 0.43£0.17° 1.10£0.30® 1.00£0.30 2.10£1.33" 0.94+0.47%

5 9.088  if4-i% CiHyy  99-87-6 0.33£0.12"  0.58+0.24™ - 1.20£0.85" 0.59£0.22% 0.94£0.47" 0.28+0.04°
p-cymene

6 9.661 W% octanal  CsHielO  124-13-0  1.61£0.67°  1.5120.60° 0.98+021° 1.53+0.44° 131+020° 1.52+0.55° 1.13%0.42°

7 12746 2T 2- CH;s0  821-55-6 - 0.26+0.11° - 0.13+0.05% - - -
nonanone

8 14008 Jzo-pMEE CsHiO o 2548-87-0  4.7240.96™  2.74+0.58°  2.72+0.19° 2.95+0.75% 3.04+0.82" 4.88+0.80° 3.67+1.39™

2-octenal, (E)-
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Tab. 4 Composition of volatile compounds in different types of A. tsaoko power (continued)

WE ese TR AT Relative content/%

N Fisf ] Compounds  Molecular ~ CAS

O RT/min name formula NLI1 NL2 NL3 NL4 NLS NL6 NL7

9 15087 (-)-a-ERfi CisHas  17699-14-8 - - - - 0.25+0.03" - -
J#i .alpha.-cubebe
ne

10 15331 4-fifams CioHgO  546-792  0.60£0.07° 0.70£0.13% 0.97+0.21° 0.54£0.04° 0.51£0.05% 0.82+£0.04™ 1.30+0.08"
S-isopropyl-2-
methylbicyclo
[3.1.0]hexan-
2-ol

11 15858 (+)-Fg@E  CioHisO  2385-77-5  046+0.06° 0.40+0.04° 0.38+0.08" 0.73+0.01° - 0.68+0.11°  0.51+0.03

6-octenal,3,7-
dimethyl-, (R)-
12 16366 o-jEk:. CisHyy  3856-25-5  0.3140.11%  0.34+0.04° 0.53+0.11° 0.35£0.05° 0.41£0.05" 0.48+0.08" 0.19+0.02°
alpha.-cubebene
13 16707 %P decanal  CioHxO  112-31-2  0.83£0.19® 1.02+0.10° 0.97+0.14° 0.54+0.05° 0.71£0.18> 0.74+0.10* 0.60+0.02"
14 18340 isoneral CiHiO  1000414-18 1.44+£0.17* 123+0.16* 129+0.20° 1.38+0.16" 1.45+0.33" - 1.37+0.08"
0
15 18.688 &M linalool CioHisO  78-70-6 1.66+0.25%  2.09+0.24° - - - - -

16 19487 377336 CiHiO  55722-59-3  4.36£0.54° 3.64£0.30° 3.79+0.46 2.87+0.12° 3.44£0.30™ 2.93+0.15° 4.23+0.06"
F I 3,6-
octadienal, 3,7-
dimethyl-

17 20.860  (-)4-iffi i (-)-CioHisO  20126-76-5  1.04+0.16° 1.12+0.24™  1.68+0.25" 0.81£0.09™ 121+0.27" 0.77+0.02" 1.31+0.15"
4 ST 3-cycl-
ohexen-1-ol, 4-
methyl-1-(1-met
hylethyl)-, (R)-

18 23.089 fr2-5¢EmE CioHigO  3913-81-3  17.23+1.17°% 22.2442.29" 21.27+1.93™ 14.13+0.94° 18.45+0.02°20.05+0.53"™ 16.50+0.65%
2-decenal, (E)-

19 24471 JBistbeEE CoHiO  106-26-3  15.44+0.52° 113120427 13.17+0.94° 9.82+0.45° 14.21+0.30° 8.85+0.05° 14.20+0.07°
neral

20 25327 ()-oAAUliEE  CioHisO  7785-53-7  4.07+0.04™ 4.42+40.88° 6.40+1.15" 3.28+0.17° 7.3740.65" 3.43+0.07™ 6.56+0.24"

3-cyclohexene-1
-methanol,
.alpha.,.alpha.4-
trimethyl-, (R)-

21 26935 RS cital  CioHi O 5392-40-5  16.7320.61™ 12.53+0.81° 15.440.36° 10.20£0.43% 17.63+0.98" 10.2420.49" 16.25+0.45"

22 27462 (2E)-2-2%4%-1- CinHpO, 2497-23-6 - - - 3.19+0.27° - 3.40+0.26" -
FELBRIR(E)-2-
decenyl acetate

23 27.838  §-fHAM naph- CisHos 483-76-1 - 0.45+0.03*  0.62+0.11° - 0.62+0.20° - -

thalene, 1,2,3.5,

6,8a-hexahydro-
4,7-dimethyl-1-(
1-methylethyl)-,
(1S-cis)-

24 28186 ZEFEMEE  CnHxO, 105-87-3  0.72+0.08° 2.54+0.74° 1.51£0.43% 10.65+0.61° 531+1.73° 8.73+0.41° 2.35+0.53¢
geranyl acetate

25 28834 FHppEr CioH0O  106-22-9 - 0.66£0.07°  0.57+0.15° - - - 0.96+0.15"
citronellol

26 32.642  FHIEE geraniol CioHisO  106-24-1 - 6.40+0.66 6.75£0.76® 7.42+0.33* 4.55+0.76° 7.05+0.66" 5.58+0.93"

27 33.103  jpato-fpupg CuHxO o 51534-36-2  3.84+0.61° - - - 4.26+0.04" - -

(E)-tetradec-2-
enal
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Tab. 4 Composition of volatile compounds in different types of A. tsaoko power (continued)
e e kA aER AR FAXT % 2 Relative content/%
Fisf ] Compounds Molecular ~ CAS
No. o /min name formula NL1 NL3 NL4 NL5 NL6 NL7
28 37598 - ZIE-gZ CiHiO  4411-89-6  7.04+0.85" 5.48+0.44° 7.82+0.80" 4.30£0.26“ 5.48+0.65" 533+0.52* 4.14+0.51°
fi¥ benzeneace-
taldehyde, .alp-
ha.-ethylidene-
29 40.146 3732 T4 CiHiO  1196-67-4  0.24+0.04"  0.14+0.03"  0.1940.04" 0.14£0.01"  0.33+0.24" - 0.15+0.02*
fi% cinnamald-
chyde, .beta.-
methyl-
30 40560 o FELpyEERE  CioHiO  101-39-3  1.32+0.23° 0.87+£0.13% 1.13£0.28"  0.67+0.08° - 0.92+0.20™ 0.95+0.04™

2-propenal, 2-
methyl-3-phenyl

31 41942 sfbfE CisHaO
1,6,10-dodecatri
en-3-0l,3,7,11-tri
methyl-, (E)-

40716-66-3 0.83£0.18" 0.78+0.17° 1.49+0.60* 0.56+0.08" 1.04+0.12® 0.61£0.09° 0.77+0.03

T SRRl . FAR/NG FRFRR2E 5 EF (P<0.05),

Note: —indicates no detected. Different lowercase letters on the same line indicate significant difference (P<0.05).

222 FEAMERS A ERN A FIH GC-MS
BRI BEAS [R) SR A 0 SRR B4 & e o, A
WO RPEES | 12 FREEE . S RS 2 FRERZE. 2
PR . 1 Fb isoneral, A& 6 AIAHI, EEISFIEEE
Py B SR 1 BRI A R Ry, A
FE 7 PSR SRR R SRy vh s, o NLL
NL3 (R 00 & AR, 20l 67.54%+7.70%
66.48%+3.56%, H:KJ& NL7, NL2, NL5, NL6,
I 59.94%+2.10% . 59.49%+5.64% . 57.05%%
4.33%. 53.05%+2.36%, NL4 BYRESEY) & B
B, 46.36%+0.60%., NL2, NL7 HIEEEW) &
RS, 9 30.70%+3.96% . 29.88%+2.03%.

EEER o oRE =k
o f§2k  ==Isoneral

1007 e g =

[NNNNN
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[morezl
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48 Content/%
N
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NLI NL2 NL3 N4 NLS NL6 NL7
RESRA Different types
E6 ARARBMEREMELZEYRAS HE

Fig. 6 Volatile component classification in different types
of A. tsaoko powder

bR BRI IE LRSS, NL4, NL6 H SRR
RS B AT R, A 13.84%x
0.36%. 12.13%+0.04%, NL6 &I Fkyr gk
YIRS EEE, K 6.44%+0.79%, 21, PR
[7i) S 28 e R SR P B 4 S A A —
%5

3 itig

ISR FL AL B AL | €A L RN &
ok PORE S 2R IE R e . AT
7 RS ) SR Y B SR 15 1 SRy R T S R 2 R
SR WS REN, FIREM 50%LL Bk
240.57 ym, —BNEREE L, (H 7 B [ SRR R R
BRI b EAAE—E 2T, WREMER N
NL1>NL6/NL3>NL4/NL2>NL5>NL7, NL1 il
B A e, R R AT e S Al KR R AR R
3 SRR ) €8 2 I T 22 S A G i NL6 5 NL3
ZIE), NL4 5 NL2 Z 6/ b {H2EF A8, ikt
S T BR AR B — A RS, AT A IR
F (AR B UK. BEAE ) X R
BHY AR BA —E P,

7 A ) SR R S SRy 0 P R o BE A S
PEFRRIE AT 22 ek o m SR AR v A I 4 e A
KRG 17 B, 500 S-2- 28 I . R I
PR . HEE . CREMWHE . o- T 432K O
S5 AR SR AU SRR 9 5 et Rl oy B e SR
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SEA AR, Hr NL2 2058 5o a6 45 & Pk
W%, It 28 F, HIZ-2-Z8 M A% o i
. M 22.24%+2.29%, NL5 H 5 H 5 vhkie i i it
FRENT B i, M 17.52%42.16%, X Al BB
T ARED 5 K P Lo Fh 2 A e 2 A b
HERALE QR ). SR %M. RS
Tt S EREE N R A st RS 2 NE SR
WEGTEESRARL, e, AS[R) SRR Al SR S (4%
KM AFAE—E 225, PEm 25 m =Sk i
5T & BRAS ] SR 750 e SR SR 4G 1 1842 & P
Ay FRFRNT S AT TSR], NL2 B 5ok 8 e -2- 2%
I AR & B e, O 22.24%+2.29%, NLS ¥
(A A I Y B AR i, M 17.52%+2.16%, 1%
S5 5 L1 PRI 5T 45 S B A AU, AT BE 2 i
YRRy BT 26 1 B SR SRR AE R[], B SR SR 7 A
FhF i R R A IR —, KR & A
—sE 2B AL, [ S SRR 1 JEURE A
JRR Rz RHESRAE . R E IR SR KN
M) s, ] B 2 % B A B A — A R RZ R, PRI
J S A SR Ak S 5T TR AT 5 4% T B R LA
TR, BT AR I AR

4 it

ARBFEHF HATAT T 7 FlAS [] SR 70 SR SR 5z i
BRI EMAEAR . HAME . SKE. K
BOrAT . WORSS e S AR K e o S5 4R b, 45 R 3R
B, 7 FhoAS ] SR 28 B S SRRy )t 25 (6 A E R (19.17+
0.29)~(25.15+0.17), L B 7E (72.50+0.23)~(76.87=
0.07)JE Y, a'fliH(5.17£0.05)~(6.97+0.15), b'{H
H9(12.35+0.43)~(16.91+0.43); 4% &l & & K (0.76+
0.01)~(1.30+£0.26)mL/100 g ; 5 /K & K (11.13%=
0.12%)~(15.05%+0.23%); Aif2J5 1 NL5 il NL6
B LAY R R OR 25 el R . 7 RO [R] SR 7
SR P IR 31 R RSy, A
17 Ffr, FEOREEISFEEAY T, o NL2 AR
R W e e %, 4 28 B, Hw-2-%%
I WE AN B i ey, O 22.24%+2.29%, NLS
IR  MEMEN ST ER&, N
17.52%+2.16% . WHFFEZ5 T ] A O 4l K SR8 w21
¥y A RO TR L B2y ket AE
ST N SR e S
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