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Abstract: To explore the effect of different processing technologies on the quality of Gastrodia elata chicken soup (GECS),
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this study employed single-factor and orthogonal optimization experiments, utilizing physicochemical indicators, free
amino acid analysis, and headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-
MS). Additionally, significance analysis and partial least squares discriminant analysis (OPLS-DA) were utilized. The
processing technology for GECS was optimized while analyzing the nutritional and flavor differences between common
chicken soup and GECS. The optimized conditions were as follows: 0.9% Gastrodia elata, 97.6% chicken wings and water
(meat to water ratio of 1:2), 0.4% salt, 0.9% Ziziphus jujuba Mill. After 60 min of simmering, GECS exhibited a light-
yellow color with a sensory score of 85.57+2.82. Compared to common chicken soup, the GECS showed a significant
improvement in the total antioxidant capacity (0.5719+0.0028 mmol/L), reducing sugar (0.2387+0.0407 mg/mL), protein
content (6.5369+0.3234 mg/mL), and whiteness (55.14+0.86) (P<0.05). Additionally, the levels of free amino acids,
particularly aspartic acid and glutamic acid, were significantly higher than those found in common chicken soup (P<0.05).
Besides, the taste amino acid content (30.47+3.54 mg/100 mL) was significantly higher than common chicken soup
(P<0.05), particularly aspartate and glutamic acid, which contributed to the umami taste of GECS. GC-MS results indicated
that GECS contained more abundant volatile flavor components than common chicken soup. Six new volatile compounds
with OAV>1 were uniquely identified in GECS. Results showed that chicken soup flavor and nutritional content were
effectively improved after adding Gastrodia elata in GECS. This study optimized the production technology of GECS,
while providing theoretical support for developing the semi-cooked food of Gastrodia elata.

Key words: Gastrodia elata chicken soup; processing technology; quality analysis; free amino acids; HS-SPME-GC-MS
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KK (Gastrodia elata) &= =FHEY)H—Fhas UL H.
Tz AT [RIR SR A T HIBEE, R =
25 3Cte i B LA M, AR R (R A B Hid 4R,
FIRMEFR R “ IR, ELAg VeI Ig E E | fRE  FFAE
ARIOTHERL , 25PRERST o, RIRELA fhse R EuPR
PPER, B FEAR AR . PUIs R AT 5m 2% > 1014 e
75 [RIB IR REIE S AR MR TR . BRI FHBE 1
BN LAY L AR RS, X&) . Sh ke LA
S I A HA T FIVAY TR, SR, BT RRR
HHAEAE B PR LS RARR, BRG] T 9 2 HE a7
BE o ARG — AR, B R RN TR — AR
FIRAR . S A RS Y A BB TR B B A,
RIFREFEAALBEAE I AN AR, i BEXG IS F=2
H, PENARWIBCFIME SR AE 7 T8 A 2540, IR T
SRR T AT R AR, BT RBRE I Y SCHk R
BRI

XGR, VR —Fh 32 B2 B, T = &
FA B 2 I X 20 ) A R 7K P T sy 25 AT
B SR FEA A IR B, SFSL I, &
TR AR 5 A TR . RN UAR AL AT AT
Yk i) BB LH AR A, R, FEARZE RS A P,
X RIAEAS I Le BTN Y o AEARZ RS RN Ty
PPN I CINY /7D e BT 1 L 1§ Pt i = WA [
Sl 2 B TR s o B HLAT BRI, A A
T LAFEAF RS A v B IR AT, (3R 1A
EHFEMEFEETY, AT E 5 NERK AT O
T R T . S ELR A5 B SR 0T, e S e AR s
AN I AR A T R B BRAE Y SRR S X8
LEG A, WIAT AR G- R PE A | 2 [BIAH B AE R LIS
SRR EIRIR, It 2B 3R R BR 2 FH Y [ Fi2E 4 b
FAITIHZ

P, AS SR FH IR 3G . KR FHER S A4
B il £ KR 3 7% ( Gastrodia elata Chicken Soup,

GECS). LDUBRE M FLEPUEALRE T bR, 3517
RERPSIE SOM g L I S e L i i R VN E AP N A P71 S e S
FCER s [RI), M ST AR T | b Jstbl . Rl
T, B LL R B 2 LR, JT4h6 TS A A< Y-
M 4 % -7 % ( Headspace Solid-Phase Micro-
extraction-Gas Chromatography-Mass Spectrometry,
HS-SPME-GC-MS) A, % LM KIS 17 55 33
XA EFE ST FNRIRTT T 2257 . AT B g
THRIRAG 750 BRI E FROEL, SRR I &
PRI SR
1 MRI5EE
1.1 #MR5EE

TR VUG i ORI R ML I A
FRZNF s XHAR | A, Brdh A28 Bl s Jok
WEE . EOKAZIR BRI AR R AT BRA F;
W TR JO/KBRIREN . fmARly i e bR AR
FIB A RA T 3,5- KB IRIE IR i kY
Bl A R4 7 3 — 3% 7] 7 % ( Bicinchoninic Acid,
BCA)YE I E RGN & R4 B 258 B A
PRl B PTsEfLBE 11 (Total Antioxidant Capacity,
T-AOO)MMi & m st @ EMRHA R A F] .

Synergy H1 ZIIHEREARMY L EMHBILEAFR
373 TDL-80-2C G (U AL BiRE2e st pb o
XA SQP 2r BT KK FEZ FIHTRE A (A aT)
A IRA T CR-400 (22T AJe RERBIRIMA
RGP EDARAF; dL R PS#EZEAE IR
TG ELGRRE J0F D5 3845 )5 LABOSO 1 i 2 JL PR 41 BT X

AR (ALE) A BRAF]; 890/5977B BIAH T,

- B AL € Agilent BHZ A R v ; DB-
WAX B4 (30.0 m*x250 pmx0.25 um)  #EICHT
LA B2 ] 57328-U 50/30 um DVB/CAR/PDMS
FEHLk | 57330-USPME FahubAE T4 32 [E Supe-
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1.2.1 R 6 B RN IR E Y R
0.3 e FHAM 5104 ks A2 2 W R R/ AL, VI k&
0.5 cm JEEE MW R, XGMR YRS U, 45 100 g X9
ARINA S g 225, /KA B 25 oK 3 ik T
o NGt DB AR IAR AT B P, IR . K
AL Z /UK, IEE TR NS T . M S AL
J&, WS R FHER PRI I AT

1.2.2 KRG T2 b E R L geizit TR
FERBRESINEE . PIZK EG . RS It . HER S i
LA Rz Joli 28 B[] X R RSV BB PRy S s b A fhRE
PRI, 64T B R RS0

1.22.1 RRBIMEAE B X #ARFIK 5
HECN 97.6%, HIAZKLEESA 1:3, IKEEINER 0.9%,
BHERBINE R 0.4%, FiZ R A4 60 min, HEEK
FRASINR(0.3%. 0.6%. 0.9%. 1.2%. 1.5% )%} RPN
G E VST BB P TR AL RE S R, SRR E R AR
i

1222 PIKILRYBARE  [EE RREBIE N 0.9%,
MHAR K G B EHE N 97.6%, IKASTRINEHN 0.9%,
BHERBINE R 0.4%, kiR E] 8 60 min, 2L A
KEE(1:2, 1:3, 1:4, 1:5, 1: 60X KIS RV E T
5y K BPUEALRE S B, I E K B o

1.2.2.3 JRAGFIMB A E B2 KRG RN
0.9%, XSHAR FIZK & S E & 97.6%, H /K EL R
1:3, EHEL TSI N 0.4%, fiZ BFA] A 60 min, 25
EERAFINE(0.3%. 0.6%. 0.9%. 1.2%. 1.5% )% K
RS W IR B P43 M R BT AR AL BE T B2, I e JK
SN

1.2.2.4 BHILHIREMTE BERBRESIE N
0.9%, MGIMAR FI7K 5 BT E R 97.6%, H K EL A
1:3, BAGSINEA 0.9%, i HTE] A 60 min, % %%
BRI (0.2%. 0.4%. 0.6%. 0.8% I 1.0% )%}
RIS IR B D459 S B T SR RE T RS, IFfE
BHER .

1.2.2.5 HEZEBFE A E B e KRR E R
0.9%, XGFHAR FI7K &5 S HE 528 97.6%, H K LR
1:3, IRAEGINE"N 0.9%, &G INE N 0.4%, %
ZLHE BT A (30, 45, 60, 75, 90 min) X KBRXG 17 1Y
SBT3 S RBTEARRE ST s i, I s ki ]

#1IECGRB B RRR
Table 1 Horizontal table of orthogonal experimental
design factors

K AJliZZ I E] (min) BRFRF I (%) CAZKEL DEFERRINE (%)

1 45 0.9 1:2 0.2
2 60 1.2 1:3 0.4
3 75 15 1:4 0.6

1.2.3 1EACIEG RS SR ER SR RIS R, e
BRI (CA) o RIRES I (B) . ZK L (C) L FhEs Nt
(D) A A8 &, FF#EAT PP 2R — 7K~ 1 TE A2 156
(F Do

1.2.4 JEEVEE  IBRRITFOT RO AERR AT AT SR, 1
15 44 B RAFICE RE I M6 250 9 B ah Ll
AR IR /N, IR RE RISz R B B PR A
(3% 2)o TEVPUTET, FEALZVERE G105 T SR oK i3
ATURIT LATHBR 11 a5 B R 285 R s . [RIBsE, SRy ff
UEPEBT B ST AR ZS TEVE, BIBRRLE RO S 57 5¢
SRS B IR, AT LA PR IR RS
TCE VRO A R AER G T 5, I A DU S R A
(7S

#2WEVENbRME

Table 2 Criteria of sensory evaluation

WH  AMEG) PEO R 53 (4)
LA 21~25
. H, 16~20
B B Ear 1115
YIEREN 0~10
RHIEA 88, it 21~25
ks s RHIEAHAE, T E D VER R 16~20
WYCRERE, Wit A= % 11~15
TRISARN L, 1 T ik 0~10
PN, Joe ik 21~25
. PR, e TR vk 16~20
HOK 2 FHBIE IR 11~15
TV, Ok 0~10
B URUAR, KRB, JC 5k 21~25
w s R IRFIRIRARIR , To 5K 16~20
PRI R RN R BRI N R, AT Sk 11~15
TR, A7 W] 50k 0~10

1.2.5 RbrEfbgE IMlE K S mL FESE T 4 °C
FAF T, LA 5000 r/min BYEEEEESL> 10 min, WEE 75
WA . ARG T-AOC I G B EA IR, A% I
FE S I B AEABRE ST (T-AOC), DL v Sl bR ¥,
x FCMOGREE, A3 B 7 y=—1.1214x+1.1262, &
R FRB R=0.9957, L& A1 )7 B B4R S 19 T 4R

kB SIo

1.2.6 WFEHEENE SHE@EES Bk,

SR 3,5- A 3L KA IR 1510 %2 X 17 HH AR R A

BURESY S mL, ££ 4 °C R LA 5000 r/min B.C> 10 min,
e 0.5 mL _E3EWIFINA 15 mL iR N . B, i
A 2.5 mL ZEWE K F1 0.75 mL 3,5- 4 KLk 4% 192 %
W, FTEAIRAT . KIRE B T K ik 5 min J5,
RS EN 2 =R, T HZER/KESR 2 10 mL. 7E

B R AR I 200 pL EE, 3 FHEEFRI T 540 nm
PR T IMEREOGEE . DLy JiAiR EE & &, x fil
SRS, 22 [ 5 RN v=3.4112x+0.0531, 56

FEL R?=0.9971, TR S JENE & & .
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1.2.7 ZWyixE SR E A0 FE AR v X
b EE. WE TR BERBEE TR
17 mg, I/ ZEAR /KA, FHEIA 100 mL 45
M ER . 10% WRIR SN W FEHFRKE 10.00 g
IR S AN B K E 7 T 100 mL 25 5 b, BORE 5
5 mL 7E 4 °C F 5000 r/min £514F B5.0> 10 min, &
A L VEW . BOEREES I 11 mL in A E
25 mL AEHL, A 1.5 mL R ARE ], 1R ST .
TE 5 min NAINA 6 mL 10% BRER SN, InZEiEK
EE . HHBBAELEL 200 uL S )5 BURE ST,
FFAE 765 nm LW E R SCE . Py Bich W & &,
X S SGREE, ARPEARAERTZR A [ )T 7R y=0.0444x+
0.0573, PeiE BB R?=0.9993, R 2y & .
1.2.8 /KIFEHEEASENE ™I BCAEH
E RIS B IR TN E . B T AR T2
PR FH A FNRXF B F% IR 50: 1 AR FREE: 0] 755018
A, HWARESY 5 mL7E 4 °C F L 5000 r/min &5 .0»
10 min, WL FISFBIFFRE 5. B 20 pL FifiR e
ThgkRAR o, B A 200 pL TAEW, 7F 37 °C F X
30 min. M ESIE, FHGpRAR S A 2 =R, T
FRAAE 595 nm IS T IMERESS SR . ULy Bk
IREEEER B, x RO, 19 BARUE D 2y [
U975 2 y=1.0142x+0.2229, & 5E FZ2E0 R?>=0.9951, it
R KEEE A&

1.2.9 FHEMSE B 30 mL FE5L, T2 2>
AT E, HIEWAE 4 °C, 5000 r/min 5510 T &0
10 min, B 75 5 mL FHH T2 HEENRE .. N T4
PRS0 FREFH SR, AR T 1 B i ZE XA i3
15—, FFEH AR AT T E . e /ST
LIS EIRE S LY, o b™E, PN #EA 7%t L 30

FE KRR 15 09 (5 A, AR =X CD) TR 5 B
FE.

A (D

o W SRR AR S P BE s LYE SRR B B )E
(L'=0 A, L'=100 Sy (), HAERR K, TR
PR 15 o (E AT b H ST DR LT OB (R
1.2.10 Vs E R S RN e SRR ESEN )
REVFES A FR T 1, HREEIE . [ 8% fiiZk
AR, % 1:3 14 HU 5 RIS FERIR A, 75 4000 t/
min &0 10 min BREE AR, B EEWBIFA 0.22 um
FK RS DE, BGOSR S i e i 4 [ sh 2 SR o i
A2, I AR AN 3 s .

MRYEZC(2) T HARE Sl G R TG A

TAV = &

H: TAV AR SRS P 00 E RGP AE
C, WEWRILAYINI i, mg/100 g; C, NEMRALEY)
A5 R BRIME, mg/100 g,
1.2.11 #HERMEXBRY BRI E SR EEaEt
M FE P U S ) 7 2%, I RRA I 2

T == [&] AH #3025 B (HS-SPME) 45 1F : HL (7.0+
0.1) mL FEMFIES I, A 2.0 g NaCl #1 10 pL
7.50 mol/mL 2.4,6-— H JE it BE , 50 °C T ¥
20 min. % 57328-U 50/30 pm DVB/CAR/PDMS
FEHCEL A, HE 60 °C R AEHL 50 min, Bl i 5 A% B
A GC-MS HEFE L, T 250 °C fi#AT 5 min.

GC % 1. R £ 414 DB-WAX #F (30 mx
0.25 mmx0.25 ym) . PASES NS, sl 0.8 mL/
min, 40 °C £&%F 3 min, #:45 L) 3 °C/min M EE -

W =100- \/(1OO—L*)Z+IJ"2+LI"2

= (2)

K3 REEEIR A S A UG

Table 3 High-speed amino acid analyzer detection program

Bl B2 B3 B4 B5 B6

R1 R2 R3

5[] (min) (%) (%) (%) (%) (%) (%) 3% (mL/min) REE(C) (%) (%) (%) i34 (mL/min)
0.0 100 0 0 0 0 0 50 50 0
25 100 0 0 0 0 0 0 0 0
2.6 0 100 0 0 0 0 0 0 0
43 0 100 0 0 0 0 0 0 0
4.4 0 0 100 0 0 0 0 0 0
12.8 0 0 100 0 0 0 0 0 0
12.9 0 0 0 100 0 0 0 0 0
27.0 0 0 0 100 0 0 0 0 0
27.1 0 0 0 0 0 100 0 0 0
0.40 57 0.35
32.0 0 0 0 0 0 0 50 50 0
32.1 0 0 0 0 0 0 0 0 100
33.0 0 0 0 0 0 100 0 0 0
33.1 0 0 0 0 0 0 0 0 0
34.0 0 0 0 0 0 0 0 0 0
34.1 100 0 0 0 0 0 0 0 0
37.0 0 0 0 0 0 0 0 0 100
37.1 0 0 0 0 0 0 50 50 0
53.0 100 0 0 0 0 0 0 0 0

T BIA12% ZBE-2% K AATEERR R DK TG B2 A 2% — K AR -1.5% L AR MUK IR WG B3 2% — K A ATHEIR-0.3% L BEGR hK I B4 2% 7K
BFFEIR-0.5% R BELE KA W BSTIR3 A 5% . F; B6 8% £ FE-0.7% S A AN I /K 7 W R1A B = BRI (2% 21 = ; 98% 1-F 4 32 i) ; R20

25%1- A JE-2- TR . 20% L BRFE — /KA1 A10% L BRGE whK 8
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FH#] 70 °C, {&45F 3 min, SA5LL 6 °C/min 1YEEEE T
#| 140 °C, T 5 LA 8 °C/min b | & 230 °C FfH{#4F
2 min.

JEE (MS) 25 32 IR 250 °C; B8 F IR E
230 °C, EI & F U8, L T BE& 70 eV, HEI T N
30~400 m/z.

RE MR 1 Sy AT $E R M XU ) BT £ NIST
2008 BT eI TR 2R, TiisE VO BL R T 80% M XUBR
WYt . SRR SR A T ) WA T RR S YR ) 04 TET

PRS- RUAR A BT O AR B

RIS PEE TR 7 TS PR S e SR
T4 0T BRIAE Y LR, AR 2 (3) THEEAE & B BRI
PEAH:

C

OAV:T = (3

P OAV S L b KUBR AR 5 ) AR 375
{E; C A XRAE S P IR EE, mg/kg: T XKL -S4
P (B, mg/kg.
1.3 BEALE

K Microsoft Office Excel 365 HA4FXT IZ 56
P EAT AL ; 32 ] IBM SPSS Statistics 23 G444
BEATRA R 22y 224500, I8 3 Duncan M1 T #9675
47T B 3 M4 M A Origin 2021 24 ¥ 5 2R
SIMCA #E47 1E 52 i i /) — 3F€ 725 ) 51 43 #1 ( Ortho-
gonal Partial least Squares-Discriminant Analysis,
OPLS-DA). RIS =S T
2 HBRESH
21 BERIUER
2.1.1 KRR IOIE AT RS 17 5 BT R 520E JE B Hs
TINFFR AT T L2 BRAVEF, 3 B0 7 EIR A
EFRE" . GEHR R, G RGN & iy Eg i, K
XSG 17 WA IR B PP 53 FILE BT AR R 70 435 S B e s
v, BT A, O B AR IR AR R
B e Bt s s A2 A (&L 1A FITIEL 1B) o 7E 0.3%~
0.9% FIBHTEEE I, &%, I ELIA T FIIPRIAR
TR, PRIHECE PR AR X B . AH IRBREGS I &
0.9% 11 B PT A ALHE J1 .35 w1 T 0.3% Hs i (P<
0.05), 24(0.5721+0.0237) mmol/L, IX VAR T RJfRH
PP ST, NS b SR ZHESE, T RE S5 X9
R A A AR ) B A BIMEIVE L DA S AR
PUEALRE I, HIRBRES NS 1.2% B, HUBE PP
34 3w T A 4 5 (P<0.05), K (76.33+2.50) 47,
It LB 1 RFr s K BURT, RIBRXS 177 52 B
At JOPTER . KURPIME o 33X SRS PR ShadE e s n
RIFR BT A IR OIR, RERS ST X175 <, I HL
o B i A SR AT B TH ISz 8 S R . R
R — PR AR, ML S PRUY S SR, 5 RRRTER
SN ik #] 1.5% B, KIFRAY “ E IR A RARIT 4G i
L, SEMAEEAAR IR . SX R RIBRAGHES I I F ik = ik
I, A B RIFR ARG 17 J5AS g XU o PRI, 2645

COEE
A 100 i, [ 07
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s
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Fig.1 Effects of the addition of Gastrodia elata on the
quality of GECS

H: ANR/NG FHFRR 5 B2 (P<0.05), K 2~F 5 [F],

0.9%. 1.2%. 1.5% MIRRGSINE I TIRAISE
2.1.2 KX RN 75 B se . A 3Rl A
IK b, T LI RIS 7GR eI . XU D645 . [
B RZK LE RS T, RIS BB P48 8T R, I
(O3 S ST SR U, LR AN N R BT R R AO#A
B MBI AR Z2 (K 2A F1E 2B) . AIZK
FOAE 1:2~1:4 JEEI PN, KRG B, 5280
G, HRE A AR R, Tl i 22 7 (P>
0.05) . FERIKLLR 1:2 B, BE PV 4335 8l B RME
(80.00+2.62) 51, HAAYE | @GR AN RMEAE, X
FEIFE T @ISR & ER S, o hEsfn B r
FIRIT & e, Hm ORI A 0, [FR i
AR HERG PR o 1) 2 JEE R A D5 55 IR ) BRI, &R
FRAGIZ I EEAR I . BT PIZK AR Lk, P IRI8ES
FIETERARIR, AIZKEE 1:5 1 1:6 BURRE P-4 831K
T 1:2~1:4 BB TS (P<0.05) o LAh, RIZK FEX
RIS 7100 BB A AL RE Tt 5T 25 R, SR e
JE T RATE S a5 RIS AR L, HE
PR 7K S PRS0, 3Gz b A iE PR B
B s fhadi, X APAR A ] BE 5 i T B 9 B TR
Z RS LIRS PR R B S 515 56, L
RPrEALRE I, 2R G B EFEEREKEE 1:2, 1:3,
1:4 AT/ S5

2.1.3 KRBT KRG 7 BT 5E ) ekl
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Fig.2 Effects of the meat-to-water ratio on the quality of GECS

RIKAGIZ S IAGE AL, A LR TR AR . B
B IRA G AIG I, RIRXS 12 IR B P S B
i £k, HOUBCE T P R S0 B e 1 )5 s %) A8 b s H
(E 3A. Bl 3B) . MIKEFIEBEINE] 0.9% B, X
PR 17 8% B PV 51 i i 35 (P<0.05) , Fo A S I 2
o, PERIEE I HXUBRPME . TS5k, 32 P R
FAEHTIR Rz AS B (0 Rl | fif R s 3] e A -y, O HLHG
T ) R A A R XS 12 B XU T HL A W 5 77, (HL
SR AR AR S 55 RIBRFIXS A [ B XUk, S
SR S AT, FEMR A 11 8%, NIERE PP I Pt
FEALBE SRt G AT IR R iz L, HORKA
WA 1.5% B, Prafh it 1k B K (E (0.6871+
0.0321)mmol/L, i 3 =5 FIH AR (P<0.05), X 1l fE
TR KA W T390, X3 E0 S B555m P a Ak
RORUC LEA 258, VR RRGINE: 0.9% 1EMEE
B

2.1.4 EHFRBINEXT KRG 7 56 A2 36 e
DN FHER T LU L R BRNS 17 i 25 TR B 1
JFHERGS I i0, RIS 77 1 8% B PSS P il 28,
TG S DL 3 1) A A B A, T AR 4/
(El4A. Bl 4B) . MEHILEIE R 0.4% B, KER
X837 )8R G Y, BB TP B e D (81.00+3.18) 43, {H
XUk e B4 ol — M o i B FH R S i A 1
0.6% I}, it Jsitast S HY BRI ViR, (A5 34
BER AT, FBOUMAG G B EPE F M. 13X R HIE
FE A FHER SN (0.4% ) 7T DU S 257455 TR V2 14 JXUR

A 100 1 0.8
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801 4 0.6 3
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Fig.3 Effects of the addition of Ziziphus jujuba Mill. on the

quality of GECS
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Fig.4 Effects of the addition of salt on the quality of GECS
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I o2 _ IR 4A) . HMEHERGS NG
S 0.8% F1 1% B, KRG 7 i bt A Ak Re J1 4350 R
0.6293+0.0256. 0.6426=0.0121 mmol/L, H.aHi &b
eI BE ST 0.2%. 0.4% Fll 0.6% B (P<0.05).
X ATREE R TR FHEMR I P PiE s s, A
T B2 = XS vz i S P AL RE 1T, R, BB 0.2%.
0.4%.. 0.6% TENif B & FHER IR kL 5 225058 .

2.1.5 JEERF X KBRS 7 L BT A2 Hl B fa]
SoF G PR VLR . R RR 245 50 % 1 i BE AR XU 35 56 EE
28 RIS 7 B E T4 AL b A AR ) 24178
ok, 9 H H @3 & S E % I (E SA
E 5B)., B4lizEatEikF] 60 min B, HUBE PR i
225 F 30 min 1 45 min 3258 41 ( P<0.05) , ik F]
(77.00+3.10) 51 [RIAT, M7 60 min R FRXG {7 14 €
PREAE, I ORISR B2, RilG R IRR 5 387 g 55
PG, BB P AR Z IR, X 60 min LR
(ARG GRS B e Lk BT, BEREFT /B &
MR, SR T i i S B T R e . SR
T, FHHE] (75 min 0 90 min) Fl & H S RAFAEL, @11
VR, FEARTPST, (HURCE P55 60 min SC402H JC b 2%
265 (P>0.05), iX RS A ] bl 2 202 ks
RIE e N, AT IR BRI 5, 1t
Ah, 2Bl E] A 45 min B, B3TEALAE ST BN
>7(0.5888+0.0143) mmol/L. i &li 2 Hsh ] g 2fin
BPUAEALEE J18 W TR, H 60, 75, 90 min T2
5 45 min SZEGLHAH LTG5 22 57 (P>0.05), iX AT fE

CO R IS
A 100 1 - e 07
90 1 a =
a - 0.6 =
80 1 b 1 i a2 g
— 70 L 0.5 E
S =
R o] 04 3
& 50 5
o L 0.3 =
o 40 1 ;:d
Z 30 - - 0.2 12
20 =
10 0
0 L0
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Jei AT B (min)

B [ERES —=u— 30 min
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—v— 75 min
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Fig.5 Effects of stewing time on the quality of GECS

2 PRI Sy R B Ta] o Tl el 2 S O BR T i R RRER . A
PRSI TEY) o R A R sl A, I BRI B2k
M4 RS AEER RRR T T AR s PRI 3
JliZifTa] 45, 60, 75 min HA TS ELIRE
22 EXRELER

TE B[R 2R 9206 1 LA, sk H 2Rt E (A |
FIRGINE(B) . AIZK (O S &AL EInE (D) R
TEAZIREG N 2%, 3 ik PO R 28 = /K- IE AR ISR T AN
(RN T 25T RIS 0 & S (A ), 12— 25 DA KRR
Xz i T 2544

HIEZZ IR IGEE R Pr R (58 4) Pl 2= RAE T
S, SEMA RIPRAG I B B PEA I PP 22 SR O R AR
SR Ee (C)>E FHER R IINER (D) >R RGN (B)>
BEZETTR] (A) o BRI, PIZK BB A& FHER SN 2R i
RIRAG 7B Vo3 LR 2R L ARME IEAS I 45 2R
RS 3 e E PP LRI A, (HaE A 2255
TS 2 RIS E PP i i 592 A,B,C D, iX
— 20 A R E TS M (85.57£2.82) 4% Y5 —J7 i, BT
TR S B M) RIRRAG 1 BT A AL RE J i DA~ e 36 2
WK R MU & HER A (D) > KRGS (B) >4l
A (A)>RIZKEL(C) o Bk, B IR N 5 KR
NN R R KA 17 BT SR RE T IR E
MR IE A 3B 25 R4S S 6 7 B bTaR bR S
T AL, (HE W 2Z M 3RS WL &
A,B;C,D,, i551(0.5719+0.0028 ) mmol/L .

*4 IECRREIR DR

Table 4 Analysis table of orthogonal test results

gAML BREE - CA DERER - RE  BAURALE)
W EsniE OKE i PEAGR) (mmol/L)

1 1 2 3 2 7828+1.44 0.2960+0.0011
2 1 1 1 1 83.1842.66 0.4162+0.0022
3 2 3 1 2 85.48+2.44 0.5147+0.0085
4 2 2 2 1 83.18+2.87 0.3902+0.0016
5 3 1 2 2 85.0243.26 0.4218+0.0043
6 3 2 1 3 80.88+3.24 0.5685+0.0151
7 3 3 3 1 7475146 0.5108+0.0214
8 1 3 2 3 76.67+2.77 0.5294+0.0029
9 2 1 3 3 78.9743.60 0.44740.0049
k, 7938 8239 8318  80.37
k, 8254 8078 8162 8293

ks 80.22 78.97 77.33 78.84
3.16 342 5.85 4.09
kl* 0.4139 0.4285 0.4998 0.4390
kz* 0.4507 0.4182 0.4471 0.4108
kS* 0.5003 0.5183 0.4181 0.5151
R 0.0865 0.1001 0.0817 0.1043
VE: Ky o ke A KT I R B4 2 AT (B ROk, Ky, Ky ]

BB 225 K, Ky kKT R 0 84548 Pl 7 2 0 P47 R
PRSI T7: 2

TEE S IT A, BB Vo0 B S W 2538 % 7™
A A2 BE RN, S S T 2 B R E 2L A
o KRRV E PR AR | B R
eSS TN RILRE PR, FEUAr ™ f i A v, TR
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VOl H A E i a5 B dEhR . PRIk, BEHURE
VPO ERALE AB C\D,, BILIRERE L 0.9% . K
IKEE 1220 FREEINE 0.9%. & HILEINE 0.4%.
S A [E] 60 min A5 KRG V7, AT IS LErI X)L
15

2.3 KRB AR

2.3.1 FBIRPROTAT  RBRVE Sy —Fh B AR st
r Ry, O SR s L R k. A E
A EGEREIR . Bk LG R s MEE R,
TESCE N Ty A Al Shyik—2
RGE 10 XS 97 RN IR IR XS I 1L 5 SR AR LA S i e 22
75 T R, X R PT A ARRE T L IR R
TSR 0T R A B AR AR A T o

25 I, RIRXG 7745 50 LA FE AR by k25 5 1
TE S (R S), BN EHME. BiRmS,
RIRXG 1 1 AP A AL BE 1 835 & T il X v (P<
0.05), JFHIRFFT 11.44%, X EZHIFRERH NG
PERLST I TTR, FRE R IR Z M . 5546, RIFR
X 37 R JEORE o e HL AT BH P, 15 5] (0.2387+
0.0407) mg/mL. AR LM RMK T ZH
97.97% HIFIHEFN 0.43% - ZUMH S HLAT 18 I 4 g
25, XS A JE N o PR T = 5 AR R R
RPN R AP TEALVE P [RIEE, KRR i 2
Py 30 i HAP T A AT, AT R0 5 A i 2, BsR TS
PSR TTAEIRRE T o IEAT, RIBRAS 7 14 85 11 0T 2 it i
2 T E XY 1 (P<0.05), M (6.5369+0.3234) mg/
mL. AWFFER, &R S o 8 T S oK i
A OB R B A IR, S e o BT B AbnE v, I
ISR RS B RS R, RPRAS B I 25 3148 5
FFNER 5T 5 HP TR RE ) 2 I EAHSE G R, FEE IR
PRy TS W 2 Ok, I FLRBR T =5 X%
PSR

£ 5 FEEXGE KIKNG A EACTEbR BT R
Table 5 Analysis table of physical and chemical indexes
of common chicken soup and GECS

WiH WA NS
RBP4 fkEE S (mmol/L) 0.5056+0.0304° 0.5719+0.0028"
IR (mg/mL) 0.1611+0.0139" 0.2387+0.0407°

LW (mg/mL) 9.1334+1.4936"
AEMEE RS R (mg/mL)  5.9096+0.1198° 6.5369+0.3234°
E)ES 57.66+0.62° 55.14+0.86"
e (R — AT A [ R R B A F 2 51k 1 2 (P<0.05), 6~ T[],

10.0818+1.9740"

XS BIEFEXT NN T | ) 2B H e, A
YR RO S ergdebs, TR A A
R (AR ISE B R RER RPN, 1K
FAF R, AT s B0 @A X Funl UK B, 5
TR 17 S BN s A (A . (PGS
AN T X RBEN S | 1, BAE—E R L 3o
TIHPE RS, I, KIS T XS E SR

M8, I I oA S U — A T T e e L
ZH .
2.3.2 WFEEILR T KRIRVE N —F L g h 2541,
TAFEERNR . U Z LR AR B R
H AT, YR N B ZFEZEDIGE, eSS
AN . LHLUESE | JETT AR RO . B e Re )
FfEAR RN RS PRk, I R v v A e B A B 1R
i, A DAA RO BRILE SR ER

T 5T 4s T, KRR 17 Hh I 2 S 3 PR Rl s A
B (R 6) . FRAE SRR R, I RAE R
((1.23+0.15) mg/100 mL) A2 ((7.62+0.80) mg/
100 mL), Ho & i i 255 5B 8% (P<0.05), 14
JINRBRAGIZ AR . IHeAh, SRR | SR AN A%
HERW R EES ARG SIHFE X (P>0.05), H
HHy i IS . ARSI ZIIR T, RIS 1 5
RS LR & 7 ((30.47+£3.54) mg/100 mL) i 35 (P<
0.05) /&5 T4/ %77 ((28.55+1.97) mg/100 mL), Jf-H.
KRG 37 vh 1Y F/T(37.27%) FCAE /=5 T %38 X4 17 1Y
F/T(29.3%) thfH ., ik, KRBTGS T 3877109

Wi S LR O R VP AR L BB SR A R
FabR, EMI4ERFHUA Y E VA, 520 A8 S A g
M 6 Al A, RIS 17 14 U Te S FL 1% & 2 (8.7+
1.28) mg/100 mL, /5 T30 X397 10 O 77 S B 1% &
Sk (7.794+0.35) mg/100 mL, {H 274 & JC i & 2% &
(P>0.05) . IAh, KRG Z P E/T(22.21%) F1 E/N
(28.55%) LbAE ¥ & T 38558 X397 19 E/T(21.43%) Fl1
E/N(27.29%) . I, KIBEXS 17 T B e i s T3
XS, RN R A AR AR . 4
HIR R PP EENEIER, S 5 R )ATy, IFxT
HURLR Y RE BB AE Y, X — A — sl 7
RIFAGZ B FEEFMER AL . Bk, KRG
WEES S LR AN AT T X397 PR AAR XU, o JHC 1 JEkee
InARAR, [RIdL 2 1T R B i E oK o
2.3.3 {EEVERBRY) B SHT  d#E L HS-SPME-GC-
MS ] 2 238 X 77 F0 RIS 177 44 2 B XU Fh 2
T, IRAIRFE R RIS IR 337 KR 520 . A
27 AR, RIS 17 v LI RE 43 Fh g K TE XU )
Jr, Horp RS 1S Fh L RS 11 PR WSS 3 R Wk
3FP . BRAZE 325 kEds 1 Rh . HEE 1 Fh R il
6 Pl AHELZ R, XoF HE 21 0% 35 38 X v o ARG )
31 AR PEIRBR Y T, A EESs 11 A BESE 8 R,
JEZE 1 PP WS 2 Fh L ERZE 2 28 BRI 1 R, R
1 A S HAZE 5 Bl T LB, RKIKBIBSIIALFE
TR HE R R BT RS, IR A E H Rk T
KUY T (AN IS & &, X ] RE R R4 A
TS B B T 837, W T XS 17 A AR A SRR IXUER 2T

Bs 2 ) Ak A 9 2 225 o B T Ak TN
strecker [ S N =42 B, T X997 45 B XUBR, 62
FETT HOBR  JEIRIR | BREERAN S SR RS . BRI, B-TA
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Table 6  Analysis table of free amino acids in common chicken soup and GECS

PR E8 TZES B it (mg/100 mL) TAVIi
LG L @A (mg/100 mL) H5E A KIRAG ) HE Y PN 8]
Lys AR 50 0.15+0.01° 0.17+0.01° 0.00+0.00" 0.00+0.00°
o Asp KREHR 100 0.4120.04° 1.23+0.15* 0.000.00° 0.0120.00°
Glu HHER 30 4.39+0.70° 7.62+0.80° 0.15+0.02° 0.25+0.03"
N2 - - 4.95+0.75 9.02+0.96° 0.15+0.02° 0.27+0.03"
Thr i MR 260 4.09+0.07* 4.52+1.23 0.02+0.00° 0.02+0.00°
Ala AR 60 3.84+0.61° 3.40+0.39° 0.06£0.01° 0.0620.01°
LS Gly HAm® 130 1.71=0.05° 1.66:0.20° 0.01=0.00° 0.010.00°
Ser 225418 150 3.02+0.56° 3.17+0.43° 0.02+0.00° 0.02+0.00°
NaE - - 12.66+1.29" 12.75+2.25° 0.1120.01° 0.1120.02°
Tyr i R - 1.07+0.12° 1.28+0.07" - -
Ile SR 90 0.48+0.06* 0.60+0.06° 0.01+0.00° 0.0120.00°
Leu SEAR 190 0.86:0.10° 0.89+0.09° 0.00+0.00° 0.00+0.00°
Phe RN 90 0.94+0.11° 1.08+0.06° 0.0120.00° 0.01+0.00*
ok Val ETERN 40 0.93+0.11° 1.10+0.10° 0.02+0.00° 0.03+0.00*
Arg birgAti 50 1.35+0.19 1.61+0.14* 0.03+0.00° 0.03+0.00°
His =R - 0.58+0.06 - - -
/it - - 6.70+0.81* 8.42+0.65° 0.07+0.01° 0.08+0.01°
Met HAMR 30 0.35+0.04° 0.34+0.04° 0.01:£0.00° 0.010.00"
Sk Cys L RezR - 0.25+0.01° 0.18+0.05° - -
Pro eV 300 12.51+1.98 9.74£1.51° 0.0420.01° 0.030.01°
/N - - 14.05+2.14° 11.34+1.66° 0.060.01° 0.060.01°
J3 T TFAA(mg/100 mL) - 36.34+3.29° 39.17+4.44* 0.40+0.06° 0.52+0.06°
W R KR EAA(mg/100 mL) - 7.79+£0.35 8.70+1.28" - -
A E R NEAA (mg/100 mL) - 10.65+0.07" 14.60+1.36" - -
SRR DAA(mg/100 mL) - 28.55+1.97° 30.47+3.54* - -
TR B IR IR E/T - 21.43% 22.21% - -
DTSR AR AT E R E/N - 27.29% 28.55% - -
EREILRR D IR F/T - 29.30% 37.27% - -

T =" RHARAFEEE AT ETAVIL, EAA: 752 502 (Thr+Val+Met+e+Leu+Phe+Lys ) ; DAA: S IKZ H2 (Asp+Glu+Gly+Ala+Tyr+Phe) .

KT NS RIS KR 5o o B e

Table 7 Analysis table of volatile flavor substances in common chicken soup and GECS

it (mg/kg) ) OAV
% H5  CAST PR B - — [#{ii* (mg/kg) - -
W@ RIESY AT KIS
1 111-70-6 PR 1-Hydroxy - 0.33£0.03 0.0054 - 33.00
2 78262 2-WIHE-2-NHE-1 3R z-Met;yOl;;l%%l-l,s ) 0.17+0.06 - - -
3 109-59-1 2-FEIE B Ethanol,2-( 1-methylethoxy)- - 0.13+0.03 - - -
4 138-87-4 BRI beta.-Terpineol - 0.23+0.06 6.0000 - 0.04
5 106-24-1 B Geraniol 13.51£0.54* 14.83£0.76°  0.0066 1351.00  1483.00
6  470-82-6 L wliif i Cineole 4.56+0.52*  4.59+0.85" 0.0010 4560.00  4590.00
7 111-87-5 1B 1-Octanol 0.46+0.19"  0.55+0.04° 0.1258 3.54 423
g 8 1117-61-9 D-F B G-Octen-T-OL Mty 6910010 14120210 0.0400 4175 3525
9 626-93-7 2-C B 2-Hexanol 0.25+0.18"  0.15+0.07* 0.0820 3.13 1.88
10 71-41-0 1% B 1-Pentanol 0.24+0.12°  0.31:£0.04° 0.1500 1.60 2.07
11 543-49-7 2- P 2-Heptanol 0.53£0.05*  0.63+0.10° 0.0650 7.75 9.00
12 3391-86-4 13 H-3- 1 1-Octen-3-ol 1.32£0.31°  1.55+0.15° 0.0015 880.00 1033.00
13 78-70-6 izl Linalool 3.31£0.69°  3.08+0.28 0.0060 551.00 513.00
14 562-74-3 -1l Terpinen-4-ol 0.64+0.06"  0.76+0.03° 1.2000 0.53 0.63
15 98-55-5 o-FATHE alpha-Terpineol 3.48+£0.41"  4.10+0.80° 1.2000 2.90 3.42

S 30.00+3.26" 32.82+3.50" - - -

/g
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gk
& (mg/kg) ) OAV
Nk S CASE PR PR - ——— [ {E* (mg/kg) - —
SN /PN (S CAY ] WG KRS
16 66-25-1 L Hexanal 2.98+0.20°  2.23+0.62° 0.0500 59.60 44.60
17 505-57-7 2-CL M 2-Hexenal 0.51£0.14*  0.48+0.09° 0.0300 17.00 16.00
18 2548-87-0 J2 -2 ((E))-2-Octenal 0.57+0.18"  0.90£0.23" 0.0030 190.00 300.00
19 100-52-7 R Benzaldehyde 0.6£0.08°  0.93+0.07* 0.7500 0.80 1.24
20 122-78-1 KO Phenylacetaldehyde 0.33+0.02°  0.63+0.20° 0.0060 33.00 63.00
21 106263 (Z)-37-THH2,6- T ((ZZ))'3’7'33213}‘“0“3‘2’6' 10.24£1.69° 104741.58°  0.0530 20480  209.40
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w31 96-76-4 24-ZRUT AWy 24-Di-tert-butylphenol ~ 4.20£0.45*  0.55x0.04°  0.5000 8.40 1.10
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JESy 5.51£0.59  7.19+1.03 - - -

-
i GC-MSEURPESUIIG7) Th B A AL &) (G5 RN “ PRz );

SRR T AR A S B SR FEOA VA AR SR B {E

Bl FERE T (b & WaSE BIEIC 2% ) A58 ), ISBN: 978-7-03-058320-8

JHEE ., 2-F N R FE ZEERD 2-F -2y 3E-1,3- 79 Ll
AAE RIS 7R I 3, T3 X 1 o & B DUy
JBT, ERL A A AT ] ] BESR YR R BRD 1, i, B
HLAT B HLARRIR T IR AR, I A T A A R
BRI, H OAV {H A 33(0OAV>1), X R GHE K
R T IE HAT EE AR . 1-H-3- B HL A
WA, S IR AR AR TE Lt =Y, HAE W
HXGIZ I OAV 515, JehS iz h S B & P AUk
Yy ia; [RIEE, RFREGBSINIEIN T 12504 -3-I 0 & 2,
{HPRLH Z B I AN AAFE L 35 25 57 (P>0.05) . D-F5 1
FEERYE T, B RIS AR EZ —, B
A BORACTAR NFEARI Ao A, 4-iEda e 5A

T . BER IV LB RIS AR ., RS
AR & ((0.76+0.03) me/kg) i35 25 T-353M
X277 ((0.64+0.06) mg/kg) (P<0.05) . [FIAT, W5 AL
TR EA 4-mkamEt, B R B Es il LA 24
PG 4-nEIEIE A A, (R SRS 7 XU = o

P 2 ) o e — S [ E LU AR 9 782 = P AUk 4
JERPH BRIz -G HE TP AR, nTRETR TR
FRA R P R 5T, 435 BAT e B Ak
JEFPEER P, I HTRER OAV {HN 6.82(0AV>
1), S RBRXG {7 v SCHE XU [T, PR AT 3~ X8 9745
B R. RO EEAAETIGRA, 3F H AR
TR BIHHBL R O, HERIU XUE Y. R



5% 46 & #5103 %W A RIRGENIN T T2 Kby - 247 -

FRX S 2 ((0.63+0.2) mg/kg) & 35w T
ME2H((0.33+0.02) mg/kg) (P<0.05), Kk, 2R 2
SR AR TR R LEEHT H TS, COEEFERIRR
X597 HH AT REEALR, H 510 XY 17 40 T i 35 25 5
CUE = 203 D Wy R AU A, 2 X v ISR
R, HA WK IR R R, Ah, 2.4-
2 ST SEAA B R AR B B B BGHS r  —,
SEIRZUMXG TGRS S SR, RIRIGES NI %A
R e A A

T L e R Y I rh, 2-IE PN Sk | 2-2,
Pk Sk RN ZE HAT AR A R, 4350 ELA fa P A L
TKRAET LTI . KRG 2- 15 P SE IR 19 &
H((0.57+0.06) mg/kg) 3 = T30 X977 ((0.36+
0.1) mg/kg) (P<0.05), 3 H KRG 7 2-1E Rk
TR OAV (HEIKTF 1, (A2 2-1E PN HEnk IR 1E 55 V7
F1Y OAV (E/NT 1o 2-1FE PN LMK IR 3= 258 15 g e
PIFRRESR AR, JF BRI 2Rt nl 2 i 2-TE Py Bk
TR E . RIBRI S I i T 2R N 208 & 1, It
T BT (AN 2 -2~ s FI 2,4-2% s ) I 7K .
ZRI A — T TR T IR N, 55— 5 TH R RESR F R
FRIECRII S I S 7 dr Al L& BRI RR XS 177 v 25

i & & ((0.324£0.04) mg/kg) b 3& = T 18 X8 7
((0.07+0.03) mg/kg) (P<0.05) . &b, KIEEX 7+
2-Z, P sengem A 1 ((1.28+0.15) mg/kg) Ul i 25 T
N7 ((0.66+0.09) mg/kg) (P<0.05) .

A EC T30 X7, KISy P ARG HH 3045 | 3-
W J-6-(1-F L Z ) FR M5 . 4-FR L2800 | =i
SRR MR R T . LA, B HLAT RIS AR
4-H FORI R E AR S B L R B R B
o BT iy ey R D) A 40 S R s 1) A ), A B
FHENINIRFRAG I XU . BRIk, RIRASER AN AT LA
EXS I XU, [T B b 5 BA XS 7 S R XU
2.3.4 ZIuGEi4T 3T LR E R i R RS
0 %45 SR 54T OPLS-DA 2347 (& 6), K 6A &
N SRR IPN IS EATTIINE S e SR L STiP CAP7E VA
FEE— . AR, KM T . =%, 55346 1X
IANTE R, R IRRRAY TSI 12 B A UXUER A 52
FEFEELRAR SN . R T A RIS {7 R 30 XS {7 11 2
SR, SR BT, i E 6B mIAE, W
RIBRBEMS LI E IR FUXRS R 284, I ELR R
Wi BT AR . RAEIR . PElg . MU . 2-4
P g A | 2T A G i R B0 S5 A o ELAT )

A B
0.30 I -
10 | ¢
0.25 on O @
@®acly
5 0.20 oy,
9 RG] @ U < ﬁ‘:f ¢ o o
2, e @it 2 0.15 1 " .
= = 010 Binitn
LN) ® e 8 @ EiRmiLa P I
&S oy | TS = 0.05 ey o ° oo
L-UZE% V o
0 i e o s =a;é
-10 1 o of o * o
0051 © ex % 4
'ts
-15 : ‘ -0.10
30 20 10 0 10 20 -0.20 -0.15-0.10-0.05 0 0.05 0.10 0.15
PC1 (55.5%) PC1 (55.5%)
C
g T
1.0
(=W
= 0s ‘ W
0 ‘ ‘ ‘
-0.5 L] L]
TR A s R S A A A A A L LS AR P A A
i ko SR GRAETEREEREEEREES EEELEE M) EEL LRt EL RSB F EEEE
i =

Fig.6

Pl 6 X 7 R SRS V70 i Jot S A I KUBR 1 B2 1) OPLS-DA 45343 [ (A) | £ 1 (B) Fil VIP {E.(C) 737
OPLS-DA score (A), load (B) and VIP value of quality and volatile flavor compounds of common chicken soup and GECS
E: B, C BIrh W Bod AR 53 7 g S R0 I 45 R XUR ) 5



- 248 - £ Tl B4

2025 4F 5 A

FHSCHE . AH LIRS, 583877 5 R e
Fii2 . AP AT 4-FF R S A SCSE R . A, )
JH VIP {H 1 — 2543 Hr 35 30 X9 37 71 KRS 17 11 22 5
(&l 6C) o Zadfifiik, INPHFIGZ e 1R X 45
AR EZAER 38 R BT (VIP>1): i 5. .
BPUEALRE ST . . AR . R . BEER .
MR . REEMR . 4-F IRy | 285, XU . p-PATH
Pt 2- FH JE-2- PN 3k-1, 3-8 i, FR L BEIATER . 3k A
4TI TEAE, FEHIX 38 R s nT VA Zda bl IX.
S RN IZ FEE XS . 25 LT, OPLS-DA 4341
T RIS 175330 XS VA E 5 37 53 R4 [t
R 2R SR, SR 2 SR ST A SR R RR XS 12 it J
S E ARG
3 4Hig

KINRIG I7 B Be AR N T 125 S RGN I 0.9%,
XEFHARFNAK (A - K=1: 2) TSI 97.6%, KGN &
0.9%, B FHERE NG 0.4%, Sl Af1E] 60 min, %5
TR Rk, BB TS5 M (85.57+2.82) 41, 5
XS b, RIS REPTAEARRE 71 . 8 JFORsRITRT
WEPEER (R A 7 Y H AR RIRIE AN
IS 7 W E SRSy, & T RG7 AR, KA
PR TN IR 55 S RS IR o i B S5 I, R IR
FIE Rt T, B/T 1 B/N ¥ s ig . it
M GC-MSS 43H1 & B R BRAG 7851 10 FpdsE K P XUk
Wy, T . B L 3-F FR 36 (1-F L 2 BD) BR
CUM . 4-FF L2805 . fh=sil | 2-1E 3Gk i 6 Fii
JEI OAV>1, J& KPR 177 XU 194 i) 32 22 i sl 22
—o WEAN, RIBRXG 17 AR v A SO N 22 350 5 et
JE ISP NV 1 EE IR, ARk 2-TE TN BRI | 2-2,
PEIEMEmE | O 218 . O . TN 2,4-%% AT SRR
MR | BEMBIS RN A S 00 AR i, T XS 1 TR
R BRI, RIBRIAES DA BEAEHE T XG4 (1) E F=
B, BREAE B XGRS . ARFFTEITFIR, AN
RIS G T 2R TRREAR S, 18 A KRR
TSR A ELE I & S el AR AR T HES Ry, 1
B FR AR B SRME AR S KR

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk

# 4 ,2023,44(17):332-340. [ DUAN H, YAN W J. Research

progress on bioactive components in Gastrodia elata Bl. and their

biological activity [J]. Food Science, 2023, 44(17): 332-340. ]

[2] Z4, RE, KM, . HPLC 3540 B #5471 B /= 3 Rk
¥oB KRS £ U] P B HF & E,2022,57(10): 791-798.
[ WANG T, ZHAO Y, ZHANG Q M, et al. Analysis of phenolic

components in Gastrodia elata Bl. from different areas by HPLC

fingerprint[J]. Journal of Chinese Pharmaceutical Sciences, 2022,

57(10): 791-798. ]

[3] SUN XN, JIA B, SUN J G, et al. Gastrodia elata Blume: A re-

view of its mechanisms and functions on cardiovascular systems [J].
Fitoterapia, 2023: 105511.
[4] LIAOQC, WU T, FU Q H, et al. Effects of dietary inclusion
of f-hydroxy-f-methylbutyrate on growth performance, fat deposi-
tion, bile acid metabolism, and gut microbiota function in high-fat
and high-cholesterol diet-challenged layer chickens[J]. Current Is-
sues in Molecular Biology, 2022, 44(8): 3413-3427.
[5] WU G Y. Nutrition and metabolism: Foundations for animal
growth, development, reproduction, and health[J]. Recent Ad-
vances in Animal Nutrition and Metabolism, 2022: 1-24.
[6] QIJ,DUC, YAO X N, et al. Enrichment of taste and aroma
compounds in braised soup during repeated stewing of chicken
meat[J]. LWT, 2022, 168: 113926.
[7] GUAN H N, XU X J, FENG C M, et al. Effects of stewing
modes on physicochemical quality and formation of flavour com-
pounds of Chinese dagu chicken soup[J]. Polish Journal of Food
and Nutrition Sciences, 2024, 74(1): 26—40.
(8] 1A% 5 kA7 T LRI RAB D], )M A1
KAk TA2 %8, 2017. [ LIU J L. Study on processing optimizing
and characteristic flavor compounds of cordyceps militaris chicken
soup [D]. Guangzhou: Zhongkai University of Agriculture and Engi-
neering, 2017. ]
[9] ZHAN H, HAYAT K, CUI H P, et al. Characterization of fla-
vor active non-volatile compounds in chicken broth and correlated
contributing constituent compounds in muscle through sensory eval-
uation and partial least square regression analysis[J]. LWT, 2020,
118: 108786.
[10] & B, se@4h, Bila, F. RF RE5 X443 & Rma
Ha ] FERMS L F R, 2023, 1-5. [XUJG, YANY Z,
MIAO H, et al. Effects of different cooking methods on the nutri-
tional components of flammulina mushrooms[J]. Food and Nutri-
tion in China, 2023, 1-5. ]
[11] R3EH, Bk, FhE, 5 BRI F 275 5 R0 %
v [J]. B g 4 U E Hem 53R, 2023, 14(22): 107-115. [ ZHAO
P J, FENG H S, LI X L, et al. Effects of microwave reheating on the
quality of chicken soup with bamboo shoots[J]. Journal of Food
Safety & Quality, 2023, 14(22): 107-115. ]
[12] &, ook, L485%, . ML RRREHH M I LY
[J]. &gk 1 1, 2023,44(1): 67-72. [ GAO R P, FENG M, WANG
F Q, et al. Processing technology of the concentrated soups of fresh
Gastrodia ElataBl. f glauca S. chow [J]. Food Industry, 2023, 44(1):
67-72.]
[13] k. a8:7 3 AACK & A= Bk 9 1 A ShF RAL 75 M AT 2 (D).
Ao T TR K5, 2019. [ ZHANG J. Study on intracellular and
extracellular antioxidant activities of antioxidant proteins and pep-
tides in chicken soup[D]. Hangzhou: Zhejiang Gongshang Universi-
ty, 2019. ]
[14] B4R, R Fl o T4 32 S0 53 KR o SRR KR 3% o6 57
[D]. £ &: ® & X %, 2023. [ DUAN G Y. Analysis of the effect
of different processingconditions on the quality and flavor of Tian-
ma[D]. Chongqing: Southwest University, 2023. ]
[15] AHAL BIGEME G0 FHAE T ERAEBREFR[D].
JoM AR AR L TA2 S, 2019. [ ZHOU S Y. Study on the active
steady state technology and storage property of Fici Hirtae Radix
chicken soup powder[D]. Guangzhou: Zhongkai University of Agri-
culture and Engineering, 2019. ]
[16] RUAN J Y, HAN Y, KENNEDY J F, et al. A review on
polysaccharides from jujube and their pharmacological activities[J].
Carbohydrate Polymer Technologies and Applications, 2022, 3:
100220.
[17] #acda, wtAgdy, ME G, & AR PR BTN AR
& ERAGAH L] £ & T kA, 2019,40022): 7-12.
[ZHU Q N, ZHU C Z, ZHAO G M, et al. Changes of pork broth


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.7506/spkx1002-6630-20220914-130
https://doi.org/10.7506/spkx1002-6630-20220914-130
https://doi.org/10.7506/spkx1002-6630-20220914-130
https://doi.org/10.3390/cimb44080235
https://doi.org/10.3390/cimb44080235
https://doi.org/10.3390/cimb44080235
https://doi.org/10.1016/j.lwt.2022.113926
https://doi.org/10.1016/j.lwt.2019.108786
https://doi.org/10.1016/j.carpta.2022.100220

%46 A 10 WA KRS L C 2 s B A - 249 -

composition contents caused by salt during cooking[J]. Science and
Technology of Food Industry, 2019, 40(22): 7-12. ]
[ 18] GUAN H N, YANG C, TIAN Y L, et al. Changes in stability
and volatile flavor compounds of self-emulsifying chicken soup
formed during the stewing process[J]. LWT, 2023, 175: 114520.
[19] WU Z, GAO R P, LI H, et al. How steaming and drying pro-
cesses affect the active compounds and antioxidant types of Gastro-
dia elata BI. f. glauca S. chow [J]. Food Research International, 2022,
157: 111277.
[20] Z¥, Bk, RFH, F FARERL ZRART 6 4 %
Bk o e g 1) 4B % F & &, 2022,37(3): 280-284.
[LUOZY,QIUJJ, WU Y L, et al. Study on processing optimiz-
ing and characteristic flavor compounds of cordyceps militaris
chicken soup[J]. West China Journal of Pharmaceutical Sciences,
2022, 37(3): 280-284. ]
[21] WUY N, WEN S H, ZHANG W, et al. Gastrodia elata BI: A
comprehensive review of its traditional use, botany, phytochemistry,
pharmacology, and pharmacokinetics[J]. Evidence-Based Comple-
mentary and Alternative Medicine, 2023, 2023(1): 5606021.
[22] CHEN X T, HE Y, CHEN J Y. Pharmacological effects and
mechanisms of Gastrodia elata and its active ingredients in the treat-
ment of cardiovascular diseases [J]. Tradit Med Res, 2023, 8(9): 52.
(23] &4, &G, Bk, . 2R AHY-FRT]. TTFER
F 3R (B AR, 2013,31(4):9-12. [ZHAO Y, KANG ZJ,
ZHOU X, et al. An edible medicinal plant-Gastrodia elata BI.[J].
Journal of Guizhou Normal University(Natural Sciences), 2013,
31(4):9-12.]
[24] =%, AL, §H 2, F. RS BHEM T LR EHEA
JER E BN ERSAT(T]. 25 T A3 2024, 1-17. [HUY
F,ZHOU D, ZENG Q L, et al. Optimization of enzymatic hydroly-
sis process, structural characterization and antioxidant activity analy-
sis of Gastrodia elata polysaccharide [J]. Science and Technology of
Food Industry, 2024, 1-17. ]
[25] Rzt R4S, 24, . A S ReAT RAUE B L7 X xf
Rk % v 69 BF 70 3 e [J]. 38 48 X 4R (8 KA i), 2024,
43(4):74-84. [ ZHOU Q, ZHANG J M, WANG B, et al. Re-
search progress on the formation mechanism of meat flavor and the
influence of processing methods on 1t[J]. Journal of Xihua Universi-
ty (Natural Science Edition), 2024, 43(4): 74-84. ]
[26] K&, ALF. RRAMANERERN R REF TR
(J]. Bk T &, 2009, (1):44-46. [LIQY, ZHU W X. Applica-
tion of additive in improving color of meat products[J]. Meat Indus-
try, 2009, (1): 44—46. ]
[27] W%, ¥ E, Kok, 5. RBURFS ) A0 4807 8F - 5 A7
B kg AR 2l 7 6 5k (0], R g Tk A3, 2023, 44(19): 86-98.
[ YAOM, XU X L, ZHU C, et al. Analysis of the umami and aro-
ma of chicken soup made from different raw materials and compari-
son with commercial chicken soups[J]. Science and Technology of
Food Industry, 2023, 44(19): 86-98. |
[28] #A&, KB4k, 24, F. AAMG AL ALY LT+
oy A [J]. F B434, 2018(7): 38-45. [HUM, WU S G, WANG
J, et al. Physiological function and application of histidine in animal
production[J]. China Feed, 2018(7): 38—45. ]
[29] GUANJJ, CHEN Z W, GUO L P, et al. Evaluation of how
sulfur-fumigation reduces the edible quality and flavor of Gastrodia
elata Blume RhizomalJ]. LWT, 2023, 187: 115296.
[30 ] BLEICHER J, EBNER E E, BAK K H. Formation and analy-
sis of volatile and odor compounds in meat —a review[J].
Molecules, 2022, 27(19): 6703.
[31] DUAN H, ZHOU Y X, WANG D D, et al. Differences in

volatile organic compounds in Rhizoma gastrodia (Tian Ma) of dif-
ferent origins determined by HS-GC-IMS[JI]. Molecules, 2023, 28
(13):4883.
[32] B&, 2N, FE2F, F ATHERER-LRHEAGE
FRAKR BRI RA&F A5 5 FF 4, 2023,35(2): 21.
[ LAN X, HUANG H Z, FANG Y Y, et al. Analysis of aroma com-
ponents in Gastrodia elata based on HS-SPME-GC-MS[J]. Re-
search and Development of Natural Products, 2023, 35(2): 21. ]
[33] Z=/vak, FRim, & 4%, 4. T2 B A8 R B2 R BRA 47
AFFAERRNA TR BELRFARS U] 5L BT,
2015,41(9):174. [LI X L, CHEN C, HUANG Y J, et al. The
volatile aroma components of 4 kinds of dried wild edible fungi
were analyzed by headspace solid-phase microextraction combined
with GC[J]. Food and Fermentation Industries, 2015, 41(9): 174. ]
[34] CHENG K X, LIU T, YANG C, et al. Relationship between
phospholipid molecules species and volatile compounds in grilled
lambs during the heating process[J]. Food Chemistry: X, 2024, 21:
101113.
[35] BELDARRAIN L R, MORAN L, SENTANDREU M A, et
al. Effect of aging time on the volatile compounds from cooked
horse meat[J]. Meat Science, 2022, 184: 108692.
[36] kRBF NRE&H BE, 5 FHRMERENETZ].
£ R 5 I K, 2024,45(5):171-177. [ZHU S J, LIU L Y,
TIAN D, et al. Production of maotai-flavor Gastrodia elata health-
care chinese Baijiu[J]. Food Research and Development, 2024, 45
(5): 171-177. ]
[37] CHENM L, WANG Z H, YU J T, et al. Effects of electron
beam irradiation and ultrahigh-pressure treatments on the physico-
chemical properties, active components, and flavor volatiles of ju-
jube jam[J]. LWT, 2023, 187: 115292.
[38] FMRiBEL, MweE, 3| &tk, 5. A 2L P 69 AR x4 28 b 28 4
B Rk AL A T R 69 % vh [T]. R Ik T A2 5 4R, 2020, 36(23):
279-284. [CHEN D W, YANG X Y, LIU S Y, et al. Effect of
phospholipids in chicken oil on the formation of volatile flavor com-
pounds in chicken oil[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(23): 279-284. ]
[39] ADAMS A, BOUCKAERT C, VAN L F, et al. Amino acid
catalysis of 2-alkylfuran formation from lipid oxidation-derived o, -
unsaturated aldehydes[J]. Journal of Agricultural and Food Chem-
istry, 2011, 59(20): 11058—11062.
[40] SONG JF, CHEN J Q, LI D J, et al. Thermal isomerization
and degradation behaviours of carotenoids in simulated sweet corn
juice[J]. Food and Bioprocess Technology, 2018, 11: 836—844.
[41] vk, B &, A - BB E R AL P ARG E
A1), &2 5, 2017,28(6): 861-864. [ YEX,LUJQ, CAOL.
Application of headspace-solid phase microextraction technology in
the field of traditional Chinese medicine [J]. China Pharmacy, 2017,
28(6): 861-864. ]
[42] %%, B, & 2% L RRBFELEBRY ST RIE 1L
Ao 1], ¥ d R 78 K 5 3R B KA IR, 2008, 33(1): 101-105.
[ GUAN P, SHI J M, GAO Y Q. Study on the volatile components
from Gastrodia elata Bl. fglauca S. Chow and the antibiotic activi-
ties[J]. Journal of Southwest China Normal University, 2008, 33(1):
101-105. ]
[43] T&X, £248, F—K, F LwEHpimpt ERReFE
B AR K VAL A dh A A LR W9 ¥ vh (). R SR BF R 5 TR A, 2023,
44(11):36-42. [ YU S W, WANG Y C, HUANG Y C, et al. Ef-
fect of aspergillus niger cellulase on volatiles and organic acids in
fermented blue honeysuckle berry[J]. Food Research and Develop-
ment, 2023, 44(11): 36-42. ]


https://doi.org/10.1016/j.lwt.2023.114520
https://doi.org/10.1016/j.foodres.2022.111277
https://doi.org/10.53388/TMR20230425001
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.3969/j.issn.1004-5570.2013.04.003
https://doi.org/10.1016/j.lwt.2023.115296
https://doi.org/10.3390/molecules27196703
https://doi.org/10.3390/molecules28134883
https://doi.org/10.1016/j.meatsci.2021.108692
https://doi.org/10.1016/j.lwt.2023.115292
https://doi.org/10.11975/j.issn.1002-6819.2020.23.032
https://doi.org/10.11975/j.issn.1002-6819.2020.23.032
https://doi.org/10.11975/j.issn.1002-6819.2020.23.032
https://doi.org/10.1021/jf202448v
https://doi.org/10.1021/jf202448v
https://doi.org/10.1021/jf202448v
https://doi.org/10.1007/s11947-018-2059-8
https://doi.org/10.6039/j.issn.1001-0408.2017.06.39
https://doi.org/10.6039/j.issn.1001-0408.2017.06.39
https://doi.org/10.12161/j.issn.1005-6521.2023.11.006
https://doi.org/10.12161/j.issn.1005-6521.2023.11.006
https://doi.org/10.12161/j.issn.1005-6521.2023.11.006
https://doi.org/10.12161/j.issn.1005-6521.2023.11.006

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 天麻鸡汤的制备
	1.2.2 天麻鸡汤工艺优化单因素实验设计
	1.2.2.1 天麻添加量的确定
	1.2.2.2 肉水比的确定
	1.2.2.3 灰枣添加量的确定
	1.2.2.4 食用盐添加量的确定
	1.2.2.5 炖煮时间的确定

	1.2.3 正交试验
	1.2.4 感官评定
	1.2.5 总抗氧化能力测定
	1.2.6 还原糖含量测定
	1.2.7 多酚测定
	1.2.8 水溶性蛋白含量测定
	1.2.9 白度测定
	1.2.10 游离氨基酸含量测定
	1.2.11 挥发性风味物质的测定

	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.1.1 天麻添加量对天麻鸡汤品质的影响
	2.1.2 肉水比对天麻鸡汤品质的影响
	2.1.3 灰枣添加量对天麻鸡汤品质的影响
	2.1.4 食用盐添加量对天麻鸡汤品质的影响
	2.1.5 炖煮时间对天麻鸡汤品质的影响

	2.2 正交试验结果
	2.3 天麻鸡汤品质分析
	2.3.1 理化指标分析
	2.3.2 游离氨基酸分析
	2.3.3 挥发性风味物质分析
	2.3.4 多元统计分析


	3 结论
	参考文献

