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Fresh star anise

L 4
Pre-treatment Washing with water, Selecting and removing peduncles.
o T e * Blanching: 90 °C~100 °C water, 6 min;
S + Drying: Hot pump drying: 55 °C, H: 30%, 14 h.
Packing treatment
. Transparent Transparent Black lightproof
Packing methods sealing bag i ar seatatiag Woven bag
Sealing methods sealed with sealed by sealed with sealed with
g capper knotting capper rope
: o . Seal poor, and . Seal poor, and no-
Packing Characteristic Seal and light ﬂghr Seal, and no-light P light
Abbreviation TSB TPB LSB WB
4 _—
* Temperature: room temperature (regular determination);
Storage treatment # Vs :
* Periodic sampling.
¥

Determination of related indicators

2118 WY R G b LT

Figure 1. Flow chart of sample treatment.

233. %Kk (VO)

PRELF-H )\ A (20.0 @ BT BEERGMS, IIA 200 mL Z&180/K GAndha) &3 h, HE
ANERMA N . EIRF P USCEZRER, H 20 mL AimEBEAEEUR K, ARG A A EK B R a4 T
W R R 28 R PR LA S, AHIRAIABORATRRE . IR15 VO LU e Je - 1512 i & =22
234. \AFEKMTRRA-HER (TA-0)

F 2 EE R B SR T4 )\ 3R B VO (1 mL) , ARJE A (154X (gas chromatograph,
GC)  (7890A, EEZHHEW AT FAT /M. FEAEES AR IS FIIEE 73 78 220 °CHI 250 °C. iR AL
FEF 4% Shi PR HEIR AT o K REFE B A 1 e K- 2 i 7 -5 e - T A P o A (3B A T LS 5
2.3.5. FERE (SA)

BT\ AMRES LB FKRE, MBI, SAJE1E 85 CRMEIR AW HE W 1 he KFEmidJE,
P BRI R B IR AT« MR Zhang™ 1 773, SR B AR AH €15 75 Chigh-performance liquid
chromatography, HPLC) (1260, 3&[E 4G AR M B MLk #F (diode array detector,
DAD) Wll%E SA K& =, 1E 25 CCRIZMT, BN 4.6 x 250 mm (ZPRBAX SB-Aq, 3 H %4t
ANFD o WESFHHER A (0.1%BE) AAER B (L) Hl, WM (97% A, viv) o BEFEA
FUA 20 uL, Ji3#A4 0.7 mL/min. SA & B L=/ T3 (mg/gdb) FiR.

2.3.6. TR RS

R PR BEOH Gholivand® 777, 1)\ (1.0 g BRATNTHH, LLERE (Sigma, 100
ul, 4 mg/mL) ENMER. FEREAE 50 °CFF 15 min. S8)5% SPME £F4E (85-micron PA, XN
IGIRER) A BIRESIE S, HEH LRk, 78 50 °CUL I 40 min.

SERUG, SLERRRE AU GC-MS (HARREARD KB D, ] DB-5MS it (30 m x
250 um x 0.25 pm; FELZFEL AT , 7E 250 °C AW 2 min. FHEMEFTW T : E&iHHAE 50 °C, £
FF 3min; LA 4°C/min £ 220 °C, {RE 10 min; £, SN 1.0 mL/min 2. BUIEACK H oL filf 1
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AT (+EI, 70 eV) o B FIRILE N 200 °C, FHH#EE A 35500 m/zR0, 4 K AL & P01 & P Al
SE B A INF4 IR Kulapichitr 2528081 Zhao S5V filik () FL 33047

24. EER RN E
24.1. HHIEREXMWIWZE (AF: G1. G2. B1 1 B2)

PATHZHE AF SRR AEFRIGE R U (NXA-QO01, ARt A IR A =D AR 3R
B alifl/ s B o B s i B B 2

ffiF HPLC (1260, EE iR AR FZEEAMA (fluorescence detector, FLD) & AF B
# (Gl. G2, BIAMIB2) , ZOURME BN 360 nm, KKy 440 nm. FHSFEER (50
ul) VA Venusil MP C18 B4 (4.6 x 150 mm x 5 um, YARBHEAERAAE) , WHEA 0.8
mL/min. #Eif4 40 °Co WMBIHAHEE (55%) , EEWHM (25 min) B KA AF (G1. G2. B1 Al
B2) #r#ffh (Romer Labs, Beijing, China) , FFl AF ()% & LA ng/mL F7R. AF Fnifk i 2 (1 2otk 7
FEAIAH G REL LR S2.

24.2. HHERE A (OTA) KNE
FATIEIE OTA e m MAEHE R U (NXA-Q007, db gt BHE A AR AT MA R
FRHL. aifb/ = M5B OTA.

FIT S HE B 0 5 59240 Giancarlo ZEBPURTIR, FFIEIEIEER. OTA & =M e X HE FLD K&
RO s, ORI 333 nm, KEHEKN 477 nm. MPRETR (50 pL) PL 0.8 mL/min A%
HN Venusil MP C18 4. i 40 °C. WMBIMAK/ G/ LB (99/99/2) , ZEEEWRL (25
min) . KM OTA #5#fEf (Romer Labs, Beijing, China) , OTA & &L ng/mL %K7x. OTA FnifE i
LRI LR 1 T RE AR O REULER S2.

2.5. ittt
Hdi K H SPSS Statistics 26.0 (IBM SPSS Inc., USA) [ 04T (ANOVA) HEHTSiiHoir. K
FXRE fr 3 i AN R BRH 2 B R AR R EZ R (p <0.05) , HIE U H+bhrfEELR R
Or1g1n 2019 # A (Origin Lab Inc., USA) £l ¥4 . 8/ SIMCA 14.1 8} (Sartorius Stedim Biotech
c., Germany ) #t 17 3 i 4> 4+ #T (principle component analysis, PCA) . fE 5 2 B K45
(hierarchical clustering analysis, HCA) H1, R&H AL Ward’s linkage, AHALL T?Eﬁﬁ Euclidean distance
M.

3. G R ML
3.1. 8t

B 2 R AR T T\ A P AR AS BRI 1R 38 4k o W1 )\ ik s . BT
JECN T A SE G, BRI BRI, AR AR st . EWBAT 3 I, R TSB sk
J\A U] LE AR S N 5, 10 WB B\ At . AEE 6 N H 25, dh BT E e AL i
PREOEIRTA . AEWRUN RIE 12 AT, LSB )\ ME e 2 IR A7 s ik M 2 3 th. TSB
PRSI EONPRLL . A PR 37 S Ao R . (W) RIERE L (TP) .
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Figure 2. Changes in star anise images with storage time for different packing methods.

mE 1 fiw, )\ AREE O 22 A RORE R E T2, e, A TSB. LSB. WB fl
TPB 2% HF, a0 LEA a*E B, M b*E T, X0TEeS T\ I\ B S (R T A8 i
MR LA (0 55, AR TR 8 NI, TSB B L¥EA bMEEZE (p <0.05) KT HAbm%
4, Wk 12 /N HJE, TSBAI TPB ) a*EEE (p <0.05) KTHAMEIEA., GHFFEL, TH)\MA
HIE (et AR R AR AR AL, SRR, X 5 IRATT R FL 4 R IR,

PATH b e\ RS HY), AE fEBCK, #E5 Shrie )\ AR 2 MRz k. IR 1 Fared
EH, AE [HEMALFERAR AL, B9 12 NHJE, TSB 1 LSB HIAE {HiZHF#(K, WB Al
TPB SG K5 THm, TSB HIAE A% (4.33 £0.03) , &3 (p <0.05) KT HA AL, @ity
SN g K5, AT 1Sy SRR SRR ()T AE B R2 M, 25 LR 2. TR e, A% £ 55K
X AEEARE (p<0.05) 520, WX ABEEREE (p<0.01) By, @it g #5%5 K,
TSB FJAE HE# (p < 0.05) /MNFHAhA, HikE LSB 1 TPB, H KM WB. 2250481, H TSB
3% )\ BcA R T HOE B R 0 () 5
32. KAEE

B 3A TN 1AM RO AR H B 2R s O\ K S BRI . R —AE, B ] R,
J\HIK AT & BB BT It (AR 6 M I, WB A1 TPB 2% A R i /K 43 2 2 B K s
fadh, e T R EEZSME (GB/T 7652-2016) MUEM 12.5%, £ 12N HE, 235ikF] 12.58 +
0.31%F1 12.51 £ 0.12%. {HEEAZEMFF R, BIR)\ AW S K E 2 b & R H] I g,
RIS IERA BN, HAE R 12M 25 AR 12.5%, 40518 10.56 +£0.22% (TS-BP) #19.45
+0.17% (LS-BP) . iXH]figAEH T AN ES /K 28R 2l e e AR i 2R 523, EAEZ N
&, WBEEAESE, /\AF KD & EIRE S 2 BRI ANREE fm . J@ it 7 Z 508 g K
B0 A 1 Ay SRR SRR [B] 0T )\ A K o0 & R, S5 W3R 2. B35 05 ORI st 1) %) )\ F 7K 43
SEMAEAGWREE (p<001) KW, RN, 7£ 12 DMHBEREGE G, TSB Al LSB 3 )\ K
NEBEE (p<0.05) KTHAMEE, FHit, WB A TPB X Fifh )\ 1L 50025 5 508 )\ A K
TR AR E i e A e R BB AT A\ M S, EIE S\ BRI
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B 3. A7 N )\ S DR ARBER A . (AL KR By R VO B i CL #ERIN IR SR A TA-
OFE; D. FFHKR-SATE. )

Figure 3. Changes in star anise indexes with time for different packaging methods. (A, Moisture content; B, Volatile 0il—VO
content; C, Trans-anethole in volatile 0il—TA-O content; D, Shikimic acid-SA content.)

33.VOEEMTA-O F &

Wil 3B Ao, AR B ALK A 0E AR R P A & R N . AR AT
J\F VO FIF AR NS, (HERIT 6 N A )G, VO I RREEAZHIMDL. 443 S1 A 1 iR & A
WEARNKE, WHAT 6 NHREAREERLE (p <0.05 KT/E 6 4. B, FEIREER
AR )\ VO SR EAE MW, HBEERREREMSE S, A Voiikik™HE, £
Tt FE R, I\ AR S A RENFEREAEILS PR AR, ZEHEERIMA VO AR
3R, ERAS B ATk HAR B AR PR . XL DU MO R e 0y 2, PR B G i b
(TSB A1 LSB) HJ VO & EE (p <0.05 mTWAEHEZEE @I (WB A TPB) , JUHZNE
EETREERIVRE N o SAEAEN TN 12 AN A IE, TSB A1 LSB #£ 5T VO S8 510N 6.36 + 0.01%Al
6.12 £ 0.33%, PURFEHIA 34.2% 1 36.6%, BE (p<0.05) KT WB (5.19 + 0.08%, 46.3%) A
TPB (4.71 + 0.25%, 51.2%) o FEL)NBIBARIE 7 )15 A AR 2RI R . ks, Xttt TSB
A LSB, FATKIMAAEBNC ISR RAREZES (p > 0.05) B, SR )\ AE— @ i8] 5T )\ A
VO FERHREIMAR. RA-EENZ/\AEIEEYR, WM m i EEZ) RS, —
Sedp 5 BoR, R-HERE AR EEYR, & 90% LA DS GiE 3C Fras, BEAE i )
IEK, TA-O FEMBVRMAEARWT AR . 5602 21 35 il b s -1 7 i 1) 75 S A T T % . i
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TERF A0 2 AN HEE, DR ERRT 0 TA-O E2MmIR /N, SR, Wit 2 MHE, WB Al
TPB £ dh 1 TA-O S &I KIE %, 1 TSB 1 LSB & AR L 3 4N H GG T R
AL, AN BRI TA-O & &z i T HAFE o AEBEANE R HIA], WB 1 TPB ) TA-O &
=AML, 5 TSB 1 LSB AHLL, BEAENEEAIIEK, TSB FEiH) TA-O & &igmET LSB. 28
M, 4 AR 6 AN AR, LSB 2t TSB A R AES% )\ M5 Rl b s -5 & i 4 2k« e
Ja, W AR 12 A~ A B, TSB. LSB. WB Al TPB 43714 61.08 + 1.09. 66.17 + 3.88. 45.75 +
2.24 f146.22 + 3.10 mg/g d.b.. KFIHIN 42.8%. 38.1%- 57.2%H1 56.8%, FH LSB (K2 H i
K. HETERNE 2, BT MR EX VO 1 TA-O &8 EEE (p<0.01) #m, H
TR BN T () s oK T2 7 s s . AR b kI, 5 WB A TPB AL, F TSB 1 LSB £.23%
R\ faH VO il TA-O & &fm (p > 0.05) . 281, TSB Ml LSB A REMEZER (p <0.05) . K
I, #HEARM )\ M (TSB A LSB) fEER MEfF 12 MH)E, H VO TA-O & & -

3.4.3FER (SA) &

SA G RPUR R - AT GEFE) MRERIE, 10 /\MA &R SA & EMEILE, & 3D
BoR T )\AEER TR 12 MHE SA =Rk, R\UMARMEETT, \AFEERNE
BHRH BRI —Fh R s . I 12M )5, SA S EM 113.32+1.21 mg/gd.b.J& % 78.75+0.73 mg/g
d.b. (TSB) . 75.75 £ 0.74 mg/g d.b. (LSB) . 77.24 £ 0.1 mg/g d.b. (WB) #173.52 + 0.67 mg/g d.b.
(TPB) . [FFf, 454 E 3D FIR S1 nTLLGEH, FERCHUAT B, J\AHH SA & & a ik TS
1. AR REH, HEBIREAREN T, At SA SENTRERSHE K. X
B, AR DR IR X )\ M SA EEAF RERW . 2L T a3 2RI 5E T (] %)
J\FH SA Er IR, S5RIER 2. SRTHRBMIEAR, a2 mERE (p>0.05) HE
o AHIREIE G A 2 (B 2 R 5 (p < 0.01) , XEBNEINEN SA AT BER. Hit,
TV K MR LS 7y, B I ZE K, SA S EHES N, EIFaRrikd, AR SA
T EMKIXN LSB > TSB > WB > TPB, {HIUF R Xz M ERAEE (p>0.05 .

3.5. )\ A Rk gl o 22 4k

J\S e — PR E T KR 6L, BIDLRE N T ERFRE, EFRSZ NS ERNEY, T
. PREERESMEASR. R, 7RG R R )\ A R R Y AT A R LB, B ST T
N, ANEAEE T\ AIERERS BB TRIER, &3 12 ANH W, A5 RS R
AT BN RASTTATLURIL, () AT o R RERE . 4-nEAEE. s, RoK-
E A - BTG B-ATTE. B-& &M B AT () -B-IR4 M, X 11 ML\
FERYF S A 89.73%, Hd RA-EHFML E 62.65%, X4 R 5 Hasegawa SN 7745 5 —
;o Bk, TATBEER 11 FRIERRE, AR T, J\MEARFR I BAE R YR
Atk . B 4 @R THEAREEE TR, I\ A B3 R A )5 B it A7 I (RS AR A ] e i AR
2L, KoM 2R, AaBRaRRGEME. &RERY, KC-EENAH S ERK, P
iR, DR Ty AR A s R K, W REBU\MAS 11 MR EE R R k. BETR
FEFVEEE RIS 0, FERl R EE I, 4P rgiedssk, R\ERELAYIRRE AR,
R ZMES TR, WM R 00 AR R 1) 4-HIREEF () -V 20 AR &
BTN ESAERE (p>005) , MER/IMHEFEEEZR (p <0.05) , HEAHEN TS-BP Al
LS-BP &3 5T W-BP il TP-BP. 5 ZEHrEox, X 4-TEEEEA] () -B-I% 250k, it fa) xof
HEWRE (p<0.01) B2, (AR5 KM EAAEE (p>0.05) 5 X A-EE WK,
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TR A () R0 28 T Ot LR LB MR35 (p < 0.01) BsEma ;s LA JURN A 53 DU Tk it 1) 55 L A i
B (p<0.01) Wggm, 270 HAFEE (p<0.05) .
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Figure 4. Heat maps comparing the changes to flavor substances in star anise with storage time under different packaging methods.
T oo XTHRBESL, WIEETIRI\M . EFRE N T RN R, F40 LSB-2 FoRIE5 2 ™~ H 51 LSB #fh. 1-11
(1. (H)-F74H5, CAS/5989-28-5; 2. o-JkMi, CAS/80-56-8; 3. J51%[E, CAS/78-70-6; 4. 4-HkMlE, CAS/562-74-3;
5. EEM, CAS/140-67-0; 6. J-Hi&M, CAS/104-46-1; 7. a-FFriEN, CAS/17699-05-7; 8. B-A Tk, CAS/87-
44-5; 9. B-&E XN, CAS/28973-97-9; 10 B-fEF/K M, CAS/20307-83-9; 11, (s) -B-I&ZjMi, CAS/495-61-4; a:
HIEFE®E (100 uL, 4 mg/mL) FMEHANT &8 =*RREEESITER (p<0.01) ; *RTREZFHESLER (p<
0.05) : ns RWBEWSITER (p>0.05) ¢ NG FEERRA FIELEET7 2O [F]—FE 5 o 5 M A G B 25 A RE T 1) i
EMWAIER (p>0.05) .
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Figure 5. PCA of flavor substances for star anise samples packed with different packaging methods at different storage times. (A,
PCA score scatter plot for flavor components; B, PCA loading scatter plot of flavor components.
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R 3 AR FE R E 5
Table 3. PCA scores of different samples.

Sample Principal component score Comprehensive Samples rank Total score Rank
1 2 score

C 6.38 —0.58 5.92 1 5.92 -

TSB-2 1.11 0.90 1.10 10

TSB-4 4.06 0.66 3.83 3

TSB-6 2.57 0.63 2.45 5 5.35 2

TSB-8 0.82 —0.71 0.72 11

TSB-10 -1.0 —1.80 —-1.06 16

TSB-12 -1.73 —0.99 —1.68 18

LSB-2 422 0.83 4.00 2 7.55 1

LSB-4 231 0.89 222 7

LSB-6 2.19 0.51 2.08 8

LSB-8 2.76 -1.02 2.51 4

LSB-10 —0.56 —0.48 —0.56 14

LSB-12 —2.86 -0.29 —2.69 21

WB-2 -1.82 0.26 —1.68 17 -12.95 4

WB-4 —2.68 —-1.30 -2.59 20

WB-6 0.28 0.16 0.27 12

WB-8 —4.30 0.12 —4.01 23

WB-10 —0.86 —0.59 —0.84 15

WB-12 —4.44 0.67 —4.10 24

TPB-2 2.59 —0.84 2.36 6 -5.86 3

TPB-4 2.05 0.34 1.94 9

TPB-6 -0.27 0.23 —-0.24 13

TPB-8 -2.57 1.14 —2.33 19

TPB-10 -3.22 0.64 -2.97 22

TPB-12 —=5.00 0.62 —4.63 25

AR, Hdr, A LSB BEEHRAT 4-8 N H RS S0 A A JE — /M . X sbgt IR EER T,
5 AMI7EAE, ) LSB 2R\ M ST HRAIRE S AL, i — DB, LSB HAR M ik Rt i
UF HLERAT )\ A 45 R VA
3.7. BEEE RN E

AFT 1 OTA HrifE 2k (2 Ve 7 FRAIAH G R 4. IR IX PR B R IRMLE R, N\
MAEER. @ BOLRIEEIEER 12 N H, $BRIERS AF-Bl. AF-B2. AF-G1. AF-G2 fll OTA.
AR RN, B )\ AET R E S TiER, HERERANMAETET = B RKEIRE
K TSRS B BTG R LR . 51 L& & SRE A g AR, LI )\ A3
RECRAF O 2, X AT DA\ B B B R Y. BRI, \ AR 0] B 1 A
BRGLEAEKRE L.
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Figure 6. Dendrograms of hierarchical clustering analysis for classification of star anise stored at room temperature for 12 months

under different packaging methods. (A, the physicochemical indicator data were used for HCA; B, the PC-scores of flavor substances
data were used for HCA.)

Ve WAL BT\ A ERE S TR BT RN TR, 40 LSB2 RaRfig A 2 S K LSB Rt

4. AFT 1 OTA btk gh 28 i 26 PE 7 FEATAE 5 230

Table 4. Linear equation and correlation coefficient of AFT and OTA standard curve.

Name Regression equation R? LOD (ng/mL) LOQ (ng/mL)
AFT-G1 y=0.0706x —0.5752 0.9999 0.004 0.012
AFT-G2 y=0.0142x +0.1051 0.9981 0.021 0.069
AFT-B1 y=0.1555x — 1.4511 0.9998 0.002 0.008
AFT-B2 y=0.0431x +0.0759 0.9992 0.010 0.033
OTA y=1717.8x —21.649 0.9960 0.001 0.004

E: LOD-ffllf; LOQ-E &R

4. 55

RIHEFLRY, JNARK S E. OF. HERMEE. FRmP - EEN S E. FHERSE
AN A RN 73 2 B A T B T T (0 ST 2 PG A R TR, BRIF IR S &4, AR
AT Bk e AR 2R . Hrh, TSB RE & et Ot it )\ M B RIB R, 1M
LSB A e & b )\ Sy rp R il & Rk, IO RE B DR B )\ S5 R o e - A i, FE
BRAE RN S5 G RR M, BEORE/\ MR, SRS BRI (LSB. [, J\f
25 HARA R SRR T ORAE, AN FAl ) R A7 T —
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2R S1. W5 1] Ik AT 5 Bl ] (1 A2 £k
Table S1. Changes in temperature and humidity over time during storage.
Storage time/M Temperature Humidity
Max Min Mean Max Min Mean
0-3 19.50 13.40 16.15£1.19° 73.90 53.60 66.52 +4.98¢
3-6 16.80 11.60 13.57 & 1.40¢ 74.30 58.30 68.82 +3.46°
6-9 27.90 15.00 23.24 +3.99° 84.70 60.70 72.64 £ 6.84%
9-12 29.70 23.00 26.55 £ 1.66° 86.90 56.90 78.39 +7.08?
e NG FRACRAN RN A7 I 18] R B2 s B 2 (AR 27 (p<0.05) .
R S2. AF Fil OTA Hrifk i 28 i 22 77 B AR O R AL
Table S2. Linear equation and correlation coefficient of AF and OTA standard curve.

Name Regression equation Correlation coefficient/R? LOD (ng/mL) LOQ (ng/mL)
AF-G1 y =0.0706x — 0.5752 0.9999 0.004 0.012

AF-QG2 y=0.0142x +0.1051 0.9981 0.021 0.069

AF-Bl1 y=0.1555x — 1.4511 0.9998 0.002 0.008

AF-B2 y=0.0431x + 0.0759 0.9992 0.010 0.033

OTA y=1717.8x — 21.649 0.9960 0.001 0.004

E: LOD—& MR, LOQ—E &R .



BmEFRNF F 15 £ 35 (2023)

15/19

3x1079

2x 107

mUA

12107

X107

23107

mUA

1x107+

Retention lime/min

3107

24107

mUA

12107

10 20 30
Retention time/min

2x1079

1.5%10°

15107

mUA

S5x 100

Retention time/min

2x10°

15107

1%107

mUA

5710

Retention time/min

Figure S1. GC-MS total ion diagram of flavor components in star anise under different packaging methods.
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Assessment of dried star anise (Illicium verum Hook.f.) for color,
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Abstract: Consumer demands for food packaging and quality are increasing, and the preservation of food quality during
storage is critical, especially for spices. In this study, four different packaging methods, which were packaging using a
transparent sealing bag (TSB), a transparent plastic bag (TPB), a lightproof sealing bag (LSB), and a woven bag (WB),
were applied to the storage of star anise at room temperature for one year. Changes in moisture content, volatile oil (VO),
trans-anethole in VO (TA-0O), shikimic acid (SA), main flavor substances, and mycotoxins were monitored during storage.
The results show that the two sealed packaging methods (TSB and LSB) were better at preventing moisture absorption
than unsealed packaging (WB and TPB). In addition, the color of star anise packaged using the TSB method was the best,
although the LSB method effectively reduced the loss of SA, VO, and TA-O. The gas chromatography—mass spectrometry
(GC-MS) and principal component analysis (PCA) results show that the flavor substance scores of the LSB sample were
the highest, followed by those of the TSB, TPB, and WB samples. Finally, the quality characteristics of star anise
packaged using various methods for preservation were assessed using hierarchical clustering analysis (HCA). The LSB

method was found as the best storing method for dried star anise at room temperature.

Keywords: star anise; packaging methods; storage; physicochemical properties; flavor components




