FED 2024FE7H $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13 * 4361 -

TZs SR - A A SRR AR ST A, £5. T,
ﬁ4WﬁMMH%mﬁ

ARG, BEE, FFHE, A A, A M, G484, PFKEY, KeET
VLV EZ RS, VIV BHE 330004

O BR RAA. R B E B E R R B 2 e RIR ). T3k R TS -URE (- T 3592 (headspace-
gas chromatography-mass spectrometry, HS-GC-MS) %75 Z2#k. SRS ZAE S TRCI, 18 FIAE XS SORVG BEE (relative
odor activity value, ROAV) AT HICHEHE S5y, LA L I8t it RS (ROAV>1), Xt 4 FiARFEGHEHE K
PERCT TR 2 e e KR B AT LU0 AT . 858 AR, 22k, SRS R Ap S E 19 b 12 Fh. 24 B 26 FpdE
RYERST . ROAV VEWE T 40K 228k, B, B AR ST R M B2 70 0 9 28 ORI AT . B RO 2- IR/ RE R (F
BBk, PR, ZEEE. 5-FIBRORMERE (R, RO, ERUERBRE A R RN, BREE. IESERE. SR, LR, v-
R PTAE R IX 3 BESRARREAT ZR SRR K R B o M R G BN B, B 5 A ISR R HEFmE, 1
Iy sIREHRINERES . EE. e “EHERT CERR RS RSN SO R SN A ) 5-F R L y-T
WERERER WA O, “HEER7 HIESCRIEE FRAE R N A R 2,5- 2 FF EME B St R Al 7 B UIAH DG . BF A B W VA
4 BRI AHARL AR By, oM. ZRRHRHEHI O SR AR AR I BB KR

SRR WHE SO Ak B0 HS-GOMS: MUK FERIERA . S0 2 ERIEVON, 5-TIEVMRE; bE
B IESFWE; TR v yv-T WIBE; 2,5-FF kg

FEDHES: R283.6 XHEFRERE: A NEHS: 0253 - 2670(2024)13 - 4361 - 12

DOI: 10.7501/j.issn.0253-2670.2024.13.009

HS-GC-MS combined with relative odor activity value method to analyze flavor
components of four excipients: chaff, bran, honey chaff and honey bran
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Abstract: Objective In order to explore the characteristics and different flavor components of chaff, bran, honey bran and honey
chaff. Methods Headspace-gas chromatography-mass spectrometry (HS-GC-MS) was used to analyze the sample powders of the
four adjuvant materials. The relative odor activity value (ROAV) was used to clarify the key aroma components. Multivariate statistics,
combined with the key flavor components (ROAV > 1) were used to analyze and compare the different components in the volatile
components of the four adjuvant materials. Results The results showed that 19, 12, 24 and 26 volatile components were identified
from chaff, bran, honey chaff and honey bran, separately. The ROAV method determined that the components with the greatest
contribution to the flavor of chaff, bran, honey chaff and honey bran were decyl aldehyde (citrus aroma, grassy flavor), 2-pentylfuran
(grassy flavor, cooked grain flavor), decyl aldehyde, and 5-methylfuranal (sweet aroma, caramel flavor). The results of differential
flavor component analysis showed heptaldehyde, n-octanal, decyl aldehyd, nonanal and y-terpinene can be used as flavor components

to distinguish chaff and bran. The fragrance, fruity and floral aroma are weakened after chaff and bran were processed into honey chaff
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and honey bran, while the caramel aroma and baking aroma that arouse appetite were increased. Conclusion “Honey aroma” and

“scorched aroma” may be related to aldehyde products such as 5-methylfuran aldehyde and y-butyrolactone generated by Maillard

reaction and sugar degradation reaction, and the aroma source of “scorche chaff aroma” is closely related to pyrazine components such

as 2,5-dimethylpyrazine generated by Maillard reaction. This study scientifically and objectively evaluates the flavor components of

the four adjuvant materials, which provides the theoretical basis of scientific connotation for the preparation of decoction pieces with

chaff and bran excipients.

Key words: chaff; honey chaff, bran; honey bran; HS-GC-MS; relative odor activity value; volatile components; decyl aldehyde; 2-N-

pentyl furan; 5-methylfuran aldehyde; heptylaldehyde; N-octanal; nonaldehyde; y-terpinene; y-butyrolactone; 2,5-dimethylpyrazine
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®1 BRERER

Table 1 Adjuvant material sample information

Fefgw's  #ts HERES fitS P
K1 221201  MKI 23102801 VLFEEE
K2 221202  MK2 23102802 VLFEEE
K3 221203  MK3 23102803 LFEEE
K4 221001  MK4 23102804 LPHEg
K5 221002  MK5 23102805 LPHEH
K6 221003  MK6 23102806 L7
K7 230401  MK7 23102807 VIPUHH{4H
K8 230402  MK8 23102808 {L7H%H{#
K9 230403  MK9 23102809 {L7HEH{#

K10 210901  MKI0 23102810 EEJK

KI1 210902  MKI1 23102811 EEJK

K12 210903  MKI2 23102812 EEJK

Fl 230901  MF1 23102901 VMdbAZR A
F2 230902  MF2 23102902 JdbAZR A
F3 230903  MF3 23102903 JdbAZR A
F4 230904  MF4 23102904 VMR HEAE
F5 230905  MF5 23102905 VM EEHEAE
F6 230906  MF6 23102906 VM EEHEE
F7 230907  MF7 23102907  YLHRIM
F8 230908  MF8 23102908 VLRI
F9 230909  MF9 23102909 VLRI
F10 230910  MF10 23102910 il Z:¥ED;
F11 230911  MFI11 23102911 L ¥k
F12 230912 MFI12 23102912 L Z:¥ED;

KI1~KI2 R A FI~F12 Jlikl2e sk MK1~MKI12 Juffi
BIEHE: MFI~MF12 Jyfiiel sk,

K1—K12 is chaff; FI—F12 is bran MK1—MK12 is honey chaff;
MF1—MF12 is honey bran.

Je5E, G, METF, BURMER, B R
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W, FHHE 15ke, WK 3 ko
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251 TUZHEFERAT > BIRE BRI IR BEHE
FE BHMR GE=57) % 1.0 g T 20 mL Til
R, BT R, AR T A A A
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3T
252 GC%fF HP-5 AHREME LM (30mX
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£ 250 C, HANAS, WHLER 3.0 min, AR
FON 10 mL/min, 430kt 10 01, TZS#kRE. FEF T+
IR GELRIRE 50 'C, LS C/min FF £ 140 C, H
LL10 ‘C/min FF% 240 C).
253 MS ¥ HrHRBGETFIE (ED, Wik
e 70 eV, BRI 230 C, VWURAFIEE
150 C, JEHIE 34.6 V, {528 1.388 kV,
Iy HEEE 2 500, VLR m/z 50~650, FAHE% 4.45
R/so
2.6 HUEALIE
2.6.1 HERNER T B A O &R A
A Data Analysis 2013 i, idid NIST 20.L %4
JEHEAT EEOHf 2 A B4, S VT I E > 90% 1) 47
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FHR B IR TS RV 804 N SIMCA 14.1 3K
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PCA) FIEAZ i f /N —3fik-F15] 53 1 Corthogonal
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Fig. 1 TIC diagram of chaff, bran, honey chaff and honey
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Table 2 Analysis of volatile components of chaff, bran, honey chaff and honey bran (X £ s, n=12)
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EEBHE SN SIMCA 14.1 844, 47 BB HI PCA
Wb, HARAURBRRSE R (BA AR & X [m]
fRREMED N 86.4%; TilIRE 124 02 LAY ] T
MEETT) N 82.8%, —HEUEIIKT 80%, UiHHIA
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DA, #J# 4 1~ OPLS-DA #4353 5k 5450
FEEGES. SRS ER. BHE5EHK (B3, K
R R SH R 43 9108 0.904. 0.811. 0.893.

e tR./ e AT CASE AR A 53 E /% @%%
min Ay FEk W £ HAY
1 325 2-HIEEntEE CsHgN2 109-08-0 ND ND  2.68%0.49 ND 2N
2 326  23-T CiHi002  513-85-9  1.90+0.15 ND ND 41.09+1.82  EEk
3 339 MEEE CsHaO2  98-01-1 ND ND 9454098 1044+021 B3
4 3.73 BEREE CsHeO2  98-00-0 ND ND  0.87%+0.37 7.904+0.27  FE
5 449  Pilk C7H140 111-71-7  8.24#0.19 ND  5.79%+1.09 ND [N
6 471  2,5-"HIEMEEE  CeHsN»  123-32-0 ND ND ND 2461114 HEMER
7 473 2,6-" MY CeHsN2  108-50-9 ND ND  1.41+0.22 ND =N
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£2 (&)
Low . X B ) 5% &Y
5 . at) 4FR CASH P T o pora——
8 498 v-T MK CsHeO2  96-48-0 ND ND 1.1540.20 2.29+0.11 Fgk
9 517 a-JRME CioHis  80-56-8 ND 1.10£023  ND ND Wi
10 576 KHE C/HeO  100-52-7  0.98£0.20 1.18+0.18 0.98+0.21 0.6840.07 BE.
11 5.82 5-HIFE0RmEEE CeHs02  620-02-0 ND ND 0.53£0.12 1.2940.07 Wk
12 6.44 2-1F [RFERLIH CoH1s0 3777-69-3 6352022 8.13+0.79 2244043 1.29+0.10 H Ak
13 6.62 E%k CioHz2  124-18-5 ND 1724048 ND  0.50%0.07 ke
14 671 E¥E CsHisO 124-13-0 880027  ND 6.60£135 ND %
15 7.26 W4Aek CioHis  99-87-6 1.64+0.11 1.3940.16 0.55%0.12 0.15£0.05 iRk
16 7.36 (+)-Fr B4 CioHis  5989-27-5 15.0240.11 43.714£229 3.86+0.82 2.90+0.13 itk
17 776 L CsHsO  122-78-1  0.85£0.07 1.17+0.19 1.06£0.23 0.27+0.08 f%
18 8.13 y-fA it CioHis  99-85-4 091+0.07 3.13£020 ND  0.36+0.04 Mk
19 8.44 ¥ CsHisO  111-87-5 ND ND 0794020 ND  EE%
20 8.69 3-2.%%-2,5-F LN E CsHioN2 13360-65-1  ND ND ND  0.09£0.02 MBS
21 8.95 MAIAR C7HsO2  90-05-1 ND ND ND  031£0.13 By
22 921 133-ZHHE=34[2.2.1.02,6] 8¢ CioHis 488-97-1  1.76£0.14  ND ND ND &k
23 932 £ CoHisO  124-19-6  17.652042  ND  14.03+3.05 0.76+0.05 BE%
24 10.07 4-CBEHE-1-F - OAE CoH1s0  6090-09-1 1.03£0.11  ND ND ND Rk
25 1041 2,3-"50-3,5 5 HE-6-F 5L-4(H)- ML W-4-  CeHsO4 28564-83-2  ND ND 094+020 ND  Hfhk
26 10.49 AB7R I CsH1002 91-16-7 ND 1.05£029  ND ND  fifE
27 1145 % CioHs  91-20-3 0.60£0.06  ND 025+0.09 ND  Hfh%
28 11.89 HEfii CioHi20 140-67-0  1.39£0.13  ND ND ND  fifE
29 1191 +=4% CioHzs  112-40-3 ND 1244027 ND  02240.03 ekt
30 12.08 % CioHo0 112-312  32940.08  ND 3204070 ND g%
31 12.43 1,7,7-=H 32T FEEXUR[2.2. 1158k CuHis  27538-47-2 1.13£0.07  ND 240056 ND  JRkR
32 13.12 FEHER K CioHisO 6485-40-1  0.57£0.07  ND 041+0.16 ND  Fi%
33 1379 £® CoH1s02 112-05-0 ND ND 0554023 ND g%
34 1459 +=4 CisHxs  629-50-5  0.354£0.05  ND ND ND  fikkR
35 1498 4-ZfHk-2-HE AR CoH1002 7786-61-0 ND ND 0.30£0.08 0.6010.05 Mk
36 1577 (1R,3aS,5a8,8aR)-ethyl-cyclopenta[c]pentalene, CisHas  74284-57-4 ND ND ND 0.4440.03 HAh %
1,2,3,3a,4,5,5a,6-octahydro-1,4,4,5a-tetram
37 16.72 modephene CisHy  68269-87-4  ND 1.99+0.11  ND  0.80%0.02 Mk
38 16.89 berkheyaradulene CisHa  65372-78-3 ND 191+£0.10 ND 0.88+0.02 Jfikek
39 17.18 Uk CuHzo  629-59-4  0.394£0.03  ND 042£0.11 ND  fha
40 17.72 B-FATH CisHa  87-44-5 ND ND ND  0.65%0.01 #Hk
41 18.06 KIRE M B CisHa  15423-57-1  ND ND ND  1.10£0.03 Mk
42 18.59 FfTHE CisHu  6753-98-6 ND ND ND  030+0.07 fik3k
43 19.52 B-BHME CisHy  17066-67-0  ND ND ND  0.67%0.05 &%
44 2991 7,9- U T HE-1-5 I [4.5]%8-6,9- — 1- C17H2403 82304-66-3 ~ ND ND 0.53+0.13 ND Rk
2,8- M
ND FoRRAH .

ND is indicated as not detected.
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®3 TREARTFELMERIMERBNESE (Xts,n=12)

Table 3 Types and relative content of volatile components in different adjuvant materials (X £ s, n=12)

- FHXS & 5 /%
[ES Mk wRE HAb mmRR B R W Bk M M
B 1.90 3981 21.49 6.95 0.00 0.00 0.74 1.39 0.57 0.00 0.00
F ik 0.00 2.35 53.23 8.13 0.00 0.00 2.96 1.05 0.00 0.00 0.00
R 166  41.64 6.81 3.43 4,09 1.15 0.42 0.00 0.94 0.30 0.55
Exk 4899 1344 7.81 1.73 2.55 2.29 0.72 0.00 0.00 0.91 0.00
60 : %fjiﬁ s AR B A B 2 B U4,
. %ﬁ; R 8 ML &I ROAV H KT 1, £
20 DARESR A (FElE. IEFRE. RO, Tl 210,
g DU R 1Rl CRERGIRD, 422 1D [(D-F17805],
20 FoAh 2R 1 Fh (2-IEHEMRIRD , SF 20 KUK 5T ik £ K
RIS NS, 2 B RMRE R AR &R
R o e L TFEORUS), FEAE 5 AR (3.20%~3.40%),

t[1]
2 T REHEHELMTH) PCA
Fig. 2 PCA diagrams of volatile components of different

adjuvant materials

0.954, R2y735179 0.990. 0.994. 0.994. 0.993, #
RTTNEE I ZE O° 43318 0.927. 0.965. 0.949.
0.959, 4 MR R2. RY O*HIKT 0.8,
Wi B TR AR R AR e AT SEDS), X 4 4> OPLS-DA
RT3 AT B AT LS, B AT I EC 200 WX,
FEAMFENL=AE ) R2. Q* ¥I/NTAM, Q* F Y 4l
BEEY N A, U 4 MR SE, SRR
HHE. Dl R EREEE (variable
importance for the projection, VIP) Fiil{E #7 & %1b
R 0T B LR AR 43 2 S ) TR s i e R RV g R e
77, T 2 S AL A GEEL VIP>1 ik &)
NEFHEREYD .

M 4 751, Hrh 8RS L2 RAAE 17 MER
WEY), EEGEHAE 1S FERLEY, BH5
EAATAE 19 MESNEY), EhEEEAAE 23 7
EREY
33 XBEBEERTHIA

ARG R, KA. FEER. ERE. EEW
Hor 0 HE R B R o AT 0 AT, 456 ROAV V£
WTASFIHE S B ot 4 PO R R DTRRFR A, 45
R 5. Hrd ROAV {EBR KR b A4 KUK 5T
Bk, A ROAV =1 HILLSr RE S i o6
BEXIRILEY), 0.1<SROAV <1 HZH 23 % B i i) s

FoAh OB AR B I E I AT A feEDe, IR
i BAH R, AIAGWROT, HAR SR AME PR XU B
SWFELEER. RE. BEERRNE, HHE
BRI B AR B S G S & DA AEE SN,
WA E . H.

FER OGNS S B, A% oM.
MPACIE S (DA KO 2-1EEERm, 2%
R XUR TTRR SR RS A 2-1F R (6.44%~
9.12%), HEAIARNEATEIR, Gk, BARIRI8, H
O KR B A AR B SO 1 (H)-Fr @i,
AEWRAMMEBL. BUMEERMRCBERY, DL
HAFER, FASTHIRE a-JRIEOE w5y, Hofthoe
RS AR o 3 B DM . R EEAIE
N, UL BHZE R R SRR DG A B2 1
TR A E, JHEAE AR RE.

HRRIS 2] T DA A S 1) 7 RO R
WREGAY, 43 AR BRRE . S-FR IR RS . IEERE . K4
We. . ZEME, I rPORH AU XU TR S K R AR A
FHEAMERE . HFHRERFIZEE (1.86%~3.92%),
Fofh OCEE KR B S AL, FEDMEE .
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() 5-FF LR R P 210, ] B 2 0 1k IXUPR Bl 2 R 2 25
T, PRAE T EERER . . BB A SR, LA
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Table 4 Differential composition of different adjuvant materials
VIP {§ VIP ff
% EEY G RS ERS o EEY kL S BRS
wE BB EEE EH wE OEBE B OEH

2-F S - - L18 1.02 |4-ZBEE-1-FE-FDE 152 - 113 -
23-T 152 113 118  1.04 [23-T4-3,5 “HRHE-6-HE-A(H)-M-4-H - - 103 121
TR - 114 132 - % 147 - L10 -
TR - L1200 - 161 |EEm L7 - 106 -
PR 166 - - 187 [tk 1.68 - - 101
2,6-— FR BN IR - - 150 120 |BE 71 - - 184
-1 W - L2 122 LIS |1,7,7-Z=HEE-2-T R ROR[2.2.115H5 LI6 - 108 145
3 146 - - - |ERERE 134 - - -
5- AL R I - 113 126 1.03 [+=k 146 - 108 -
2-TF TR - 102 L1000 - |4-ZEEE--RE A ER - 107 116 -
1E%He - - - 1.03 |[cyclopenta[c]pentalene,1,2,3,3a,4,5,52,6- - 106 - 146
1R 1.69 - - 1.51 || octahydro-1,4,4,5a-tetramethyl-,(1R,3aS,
X AE R - 104 109 - | 5a$,8aR)-
(O-Fr 168 - 110 - |modephene - 105 - -
KO - 102 - 150 [berkheyaradulene - - - 113
R Rliibsi 164 102 110 157 |+Wk 106 - - -
EW - - 107 189 |p-ATIE - 103 - 1.04
3-2,3k-0,5-FR LI g - - - 100 | KHREME B - 102 - 104
133-=HEZIR2.2.1.02,6]F 45 158 - L10 - AV - - - 116
T 1.2 - - 1.87 |B-EEMSE - 107 - -

“=7 FORBBIHEIZE R e R

“—" indicates that the component did not differ in this group.

R0 4 FRAS [F ARG 22 S 1 AR R 43
4 4 FOAS ERL TR G H SR 1 22 S e i A 5 Ok
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FRGY o WA 22 Bk I RN Lo AT He A o AT, 3%
132 9 P B A Z SR KRS (B 4-A), 739N
(D)-FriEM RIS, TE. e . IE R,
O-TRN S YA . TR 28HE . kP oG XU
A3 (+)-F7 A6 I Tk AR AR A A A, IR L v-Fa
TR ERPLOE TAA TR . R SRR XU A
X T R ERw . HEEA, WTEET
ANEARIEERE. Pils. TR BRI

W %R S BRI R L AT LB T, 3
3215 B BA Z TR RER > (B 4-B), 4351
DR 2-FJEIE R | PEIE . A1 TR S 5- FE L IRIR S |
B-FFTM IEFWE. y-AAThM . KO ke %
M. 2,3- T WE. v- T MIBE. 3-2.25-2,5-F BRI

T HL A 5 e o) SRR (14 22 57 1 KUR R A TR
VORI ek ] e XU 70 e 2B R R
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(A TR B R AR R . Bl A T INIRAR
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RS B E ER. BERELMRSBSEHEMN ROAV E
Table 5 Aroma threshold and ROAY value of chaff, bran, honey chaff and honey bran volatile components
EY TR AR/ ROAV {H
Bzt e (ngkg™ TR aHE &R R S
[EES 23-7 fE 4500 i, EMES 0.00 - - 100.00
e 4500 LR, HAE, Pk - - 0.00 19.23
FhE 110 MWitG, 8, MHELE - - 0.05 -
it 24 e 3000 FEBE - - 0.02 38.11
B 3 IR 10.93 - 13.76 -
7 350 AR 0.02 0.26 0.02 326.67
5- P L i 0.5 W&, FERAk - - 7.56  28255.05
IE ¥ 0.7  HE, MGk 71.23 - 67.20 -
KW 4 iz 120 2275 1.89 739.23
T 1 6, HE%k 100.00 - 100.00  8323.19
25 0.1 MG, FEk 186.40 - 228.08 -
FES y- T W 10 Uiy, FEREVR - - 0.82 250791
iES yeselll N 0.84 FERERAES, HIk - - - 4 041.65
B 77 T 7 25 iz 0.13 - 0.12 -
[irES T2 3000 HEEW, MAREK - - 0.00 -
LiEs N 75 HEHEER 1.05 — — —
M 2,5- T HIELEE 1 800 IR, TS, Whim - - — 14.97
2,6-— BNt 200 AIRIRR, REREURALER, mnnfkek - - 0.05 -
2-F Btk 60 EBMaE. BECE. DIEESR - - 0.32 -
3-2.3E-2,5-F S s 8.6  MIEFRS, W IEEK - - - 114.61
R o IR 6 IR, FATIIHER - 14.26 — -
X AR 114 #iaE, K& 0.82 9.48 0.34 144.10
(H-Fr M 34 W& 2.50  100.00 0.81 934.10
B-F1 15 4 64 REWK, K& - - — 111.23
K 160 KA, HEK - - — 20.53
Y- I 1 000 & MRS 0.01 0.24 - 3.94
Bk ke 2 040 Y AN E AN - 0.05 - 1.18
+=% 2 140 SN 0.00 - - -
Pk 1 000 SN 0.00 - 0.00 -
HAh2k  2-1E RIERR 6 B, Tk, AR 6.00  105.40 266  2354.59
% 60 5% D 0.06 - 0.03 -

“=7 FoREMIFRRE, TEIETHE ROAV. BIE S5 SCRRR225],

“~ indicates that the substance was not detected and the ROAV could not be calculated. Threshold references!?%-23-25,

W 2Bk 5 B O R R B AT B A, 3
23] 10 M EA Z 2RSS (B 4-D), 539
A 5-HIERRIERE . v- T WlE 2,3-T /. 2-1F& 3
WRIRE . KW y-FATMI . BEEE . P-4 0. B,
WA o 2-1F JRFERIR . 2K 2B . y-FA M . X<

PERENERAR B TR . B KA,

X 4 FpR R

JR ISR B R S R R, KR TTHR R .
HTHIE) 5-F LRI L v- T N BR, 2,3-T % R
BREESE Ry BRI T A . I E . SR E SR
KWk, U ERE GO E RS, JRARIE R 1E
A KRR 99 7 B 5 AR A L WL SOME R
A
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