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Effects of Codonopsis pilosula and Astragalus membranaceus on the
Quality, Active Ingredient, and Flavor Composition of Stewed Chicken

YAO Lili, WU Junqgin, ZHOU Julong, DU Xuerong, DONG Yushan, LI Chenlong, LUO Yulong"

(College of Food Science and Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: To investigate the effects of Codonopsis pilosula and Astragalus membranaceus on the quality of stewed
chicken, the chicken leg meat was used as the raw material, and the impact of different addition ratios of these two herbal
ingredients on the physicochemical properties, sensory attributes, active ingredient, taste compounds, and volatile aroma
profiles was systematically examined. The results demonstrated that the L” values in the Codonopsis pilosula and Astra-
galus membranaceus treatment groups were lower than those in the control (CON) group. The shear force in the DSHQ-1
group was significantly reduced compared to the CON group (P<0.05), suggesting improved tenderness; however, further
increasing the proportion of Codonopsis pilosula led to an increase in shear force. Notably, the moisture content, flavonoid
and polysaccharide levels, as well as sensory evaluation scores, were all higher in the treatment groups than in the control,
indicating that the incorporation of these herbs promoted the retention of functional components and enhanced both palata-
bility and overall sensory quality. With regard to flavor characteristics, the total amino acid content in the DSHQ-5 group
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was significantly higher than that in the CON group (P<0.05), reflecting a pronounced flavor-enhancing effect. A total of 45

volatile aroma compounds were identified by GC-MS analysis, comprising 10 aldehydes, 5 esters, 2 acids, 8 alcohols, 9

hydrocarbons, 5 ketones, 3 terpenes, and 3 other compounds. Overall, the concentration of aromatic substances in the
stewed chicken from the DSHQ-2, DSHQ-3, DSHQ-4, and DSHQ-5 groups was higher than that in the CON group. The
addition of Codonopsis pilosula and Astragalus membranaceus enriched the terpene content in the stewed chicken, thereby

effectively enhancing its flavor complexity. Furthermore, 12 characteristic volatile aroma compounds with OAV>1 were

identified through odor activity value (OAV) analysis. Among these, hexanal, eucalyptol, and 1-octen-3-ol exhibited the

highest OAVs, contributing oily, herbal, and mushroom-like aromas, respectively. In conclusion, Codonopsis pilosula and

Astragalus membranaceus improve the overall quality of stewed chicken and enhance its flavor profile. Their combined use

demonstrates practical potential for application in chicken-based food processing.
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Fig.1 Influence of adding different proportions of Codonopsis
pilosula and Astragalus membranaceus on the moisture
content of chicken
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Fig.2 Influence of adding different proportions of Codonopsis
pilosula and Astragalus membranaceus on the shear
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Fig.4 Effect of adding different proportions of Codonopsis
pilosula and Astragalus membranaceus on the flavonoid
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bR, Lioe 250 & BIAS TN &R AN I 2R HA H 58 5Tm
LR AIVE ] . DSHQ-2 Fil DSHQ-5 ZH 43S Py v 28T
FIR & BE T CON 4H(P<0.05), XX AREBR )
Tnm ST I E -

2.42 EHWBR 5-AMP. 5'-GMP Ffl 5'-IMP J&33 Al
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Fig.6 Effect of adding different proportions of Codonopsis
pilosula and Astragalus membranaceus on nucleotides
in chicken
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Fig.7 Heat map of volatile compounds in chicken stewed
with Codonopsis pilosula and Astragalus membranaceus
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Table 2 Content of volatile flavor compounds in chicken stewed with different ratios of Codonopsis pilosula
and Astragalus membranaceus
‘ i (ng/kg)
Fhzg %ix CAS%
CON DSHQ-1 DSHQ-2 DSHQ-3 DSHQ-4 DSHQ-5
(E.E)-2.4-%% )ik 25152-84-5 - - - 6.06+2.17° 8.09+1.3" -
(Z)-2PH7 s 57266-86-1  3.76+0.58" 3.22+0.89° 5.89+0.99" 30.16+6.02° 4.13+0.33° 4.38+2.82°
(B)-2- Il 2548-87-0  9.62+3.40° 4.91+1.31° 12.5544.21° 76.41£16.95°  25.86+16.77° 7.9+4.78
45T 74327-29-0  12.51+£2.75° - - 35.56+4.52° 28.73+18.44°  12.96+3.26"
R (10) I 100-52-7  24.07+1.67" 22.29+7.84° 35.07+1.60™ T4.72428.41*  62.83+27.62  45.87+15.40%
P 111-71-7  68.11+14.14°  38.56+£16.15°  75.07+21.69"  134.14+18.81°  136.01+35.14° 138.10+:48.09"
CLE 66-25-1 1707.34+292.62° 1356.70+£327.79 2168.49+542.00° 4179.52+1022.01° 2676.32+:680.42° 1621+554.62°
T 124-19-6  94.00+11.49°  27.80+5.82°  75.53+£31.36°  150.34+£40.13° 296.74+119.36* 112.76+56.16°
FE 124-13-0  56.86:11.77°  25.94+7.13°  68.58+24.23%  114.65£24.23™  134.05+43.68° 76.98+32.98"
it 110-62-3  140.98+28.36°  106.35+36.00° 192.32+45.23%  356.54+68.57°  288.1+76.94® 194.64+78.5"
1 Sl 84-66-2  103.03£16.39° 122.81+23.43° 156.91+14.68* 216.08+30.52°  290.49+30.16" 101.14+31.57°
R 141-78-6  38.52+0.19° 47.49+£547°  65.12411.35°  63.42+11.51°  59.37+27.82° 104.40+16.49°
e (5) H R 112-32-3 - - 5.18+1.45" 26.12+1.54° - -
1EC iR 2 )fTR 3050-69-9 437.68+88.78°  160.72+35.30° 309.61+£26.78" 1077.46+145.35° 433.83+85.06° 506.97+154.64°
FH 1% BT 112-23-2  13.18+2.13° - - - - 21.60+2.34°
Wk (2) 2 64-19-7 - 1.70£0.27° 4.37+0.43" 17.11£2.39° 3.56+0.61° 5.28+2.49°
A7 142-62-1  5.84x1.24° 7.49+1.58° 13.28+2.03 37.93+4.45° 13.06£1.36°  11.18+4.27%
1- i 111-70-6  12.332.11° 8.72+1.20° 21.63+6.41° 39.2742.97° - -
1-CU 111-27-3  10.68+1.90% 7.07+1.31¢ 12.44+1.93° 24.50+2.77° 23.35£2.75"  19.07+0.33°
1-2F4-3-1% 3391-86-4 167.54+28.54°  92.65+8.63°  140.69+13.29¢  382.40+8.21°  247.82+23.85° 327.81+27.44°
— 1-J3 i 71-41-0  50.87+10.48°  41.51+9.71°  80.24+18.87*  141.68+26.52° 113.14£33.69™ 65.82+34.14™
(E)-2-Z% -1 22104-80-9  2.59+0.27° - - 11.15+2.66" 8.92+0.40° -
2-H 3o 26533-34-6  6.01+£0.95% 3.97+1.84° 10.34+3.60° 47.46+1.79° 36.77+2.75° 15.77+2.06°
L 64-17-5  425.95+57.57° 298.19+63.28" 542.48+45.61°  681.00£26.30°  689.70+64.49° 537.27+58.20°
1-2F i 111-87-5  5.97+1.24° 3.37+0.62° - - 29.86+12.41° -
4,6- " F Tk 61141-72-8  2.74+0.80° 3.22+0.30° 4.23+0.80 9.82+0.70° 3.54+0.89" -
= 629-50-5 8.39+3.03" 9.66+2.19° 15.64+0.26° - - -
e 629-59-4  3.14+1.54° - - - 24.35+0.83" -
ke 629-62-9  3.65+0.76° 3.52+0.66° 15.48+2.44° - - -
J&2(9) P75 %t 544-76-3  2.25+0.75° 2.8620.60° 11.49+2.37* 13.88+3.84" - -
8-F ALk 13287-23-5  0.63+0.20° 1.48+0.32° 1.3740.39" 6.64+2.29° - -
3,5- ek 15869-93-9  9.20+3.81° 10.79+1.39° 15.64+0.26" 45.13+5.48° 51.5443.99° -
(2)-3-2.3-2-FH-1,3-CL 705 61142-36-7  13.06+2.36" 5.88+0.27° 15.49+5.99" 41.59+10.66° - 13.82+5.97°
5-B& 4k 1942-46-7 - 10.72+0.35° 16.6142.08" 11.28+0.27% 40.80+3.94°  15.263.16™
3,4-TH3-2-C 19550-10-8  9.76+0.52° 14.98+1.84° 16.36+5.29" 20.57+6.57" - -
13- 2- TN 116-09-6 - 2.1240.90° 11.68+0.39" 6.05+1.16 - -
B2 (5) 1-2F475-3-Ti 4312-99-6  2.85%1.16" 1.74+0.45° 7.89+0.17° - - -
6- 1 5k-5- e -2 -l 110-93-0  1.76+0.54* 1.35+0.41° 1.50+0.33° - 2.67+0.21° 2.10+1.37
ZABIR 513-86-0 - 1.6+0.51 - -
et % 470-82-6  2.51+0.51° 2.37+0.69° 4.17+0.54% 5.33+0.93" 9.52+0.76" 6.04+1.71°
i (3) D-Fr ks 7705-14-8  3.01£0.77° 3.46+1.15° 10.59+1.67° 16.39+5.11% 19.78+5.56° -
Ly 124-76-5 - 1.56+0.66 - - - -
2- P HE R 3777-69-3  20.08+0.26% 9.42+0.86° 14.23+2.23% 62.90+5.57° 23.79+3.75°  38.58+13.33
HAb(3) =TS S 3235-04-9  10.08+3.87" 7.5241.35¢ 12.85+0.93% 28.85+3.16 14.43+3.16° 9.71+2.36"
LIPS 108-88-3  3.08+1.37° 4.50£1.49" 5.23+0.22% 12.53+1.37° 13.65+0.26° 6.01+0.62"

T =" FRIR AN

ARSIV 8% Strecker REMRIZ N 7=, BEMSHT R T 5L 16
SN 75 SRR PO RIS, REXS PYARE & e AT
8 Fhl5 ) Fi, DSHQ-3. DSHQ-4 1 DSHQ-5 [ &L
B2 & i 35 T CON 41 (P<0.05), Hirp 1-97 44 -

3- P ST R S A BRI ) P-4, HAT IS 4
AT B A F <, DSHQ-3 2H 1-2E045-3- B il & i fg 3
=T CON(P<0.05), iXHE58 T DSHQ-3 ZH XS R 7
R, A UK B I
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Table 3 Volatile aroma components in chicken with an OAV greater than 1
s AR I (g5 DAY
CON DSHQ-1  DSHQ-2  DSHQ-3 DSHQ-4 DSHQ-5
(B)-2-¢MlE BRI KR, B &6, Bk 3.21 1.64 4.18 25.47 8.62 2.63 321
S KR 3.5 6.88 6.37 10.02 21.35 17.95 13.11
PR AR . IR 2.8 24.32 13.77 26.81 4791 48.58 49.32
CL g Wik 5 341.47 271.34 433.70 835.90 535.26 324.20
T A e 1.1 85.45 2528 68.66 136.68 269.77 102.51
R M7 0.7 81.23 37.06 97.97 163.79 191.51 109.98
a3 FEHR 100 1.41 1.06 1.92 3.57 2.88 1.95
1-2F0f5-3-F By, HEE 0.002 83770.00  46325.00  70345.00  191200.00  123910.00  163905.00
113 EHES 2.54 20.03 16.34 31.59 55.78 44.54 25.91
[ RS IR 0.021 119.52 112.86 198.57 253.81 45333 287.62
D-Frid B, IR 0.06 50.17 57.67 176.50 273.17 329.67 -
2- PR HRE g Hh, AR KR, g 3.46 1.62 2.45 10.84 4.10 6.65 3.46

iS4 BT TSR IR TN T AR v B s T A
Rl XIRG P AR BB BRI, AR T,
JEX P B2 L i M SIS S AR I R | DA A R
TR, S35 W T IR PRI IV B R A AR A SR
R 7 A, I Wy T Aar FITAA AR UL, DSHQ-1,
DSHQ-2. DSHQ-3. DSHQ-4 Fll DSHQ-5 4 43 Al
IS S By BI%E CON 4H 55 1.34, 2.67. 3.93,
5.31 F 1.09 £, X JZF N 58 S A0 0 S i s ka2 ) ot
TR, A TRl A X S BT A IR R
PR, T P R B E ), Qiang S5 ST AS F)
FRRIZS TS, BT Hrymi a2 G BA mAR
WEPHE R X URFE BE R, BRAE I hlizh St T, B
A ALY, 58 FGE T HF R E <. K
FAE Y EA KRB 257555 QARG 7, HEhma e
PIAESZ N DA B a FEve FIVRIG 2 O3 s i A 1, 2
PG T & S SAE T b, 385 e 1 &
A, (HH TR ERIE, 23X XUM™ 2 22523
2- PR FH VTR ST 2R A, ST 4 A 3
IR, S EL N 9.42~62.90 pe/kg.

IR PR IXUR YT OAV>1 I, $A iz ot
] DA AE S 0 S A XUk = AR i, 3R 3 AT
1, X RAE S R 12 R R MRS OAV>
L, BIFE 7 FEE2E ((B) -2- -l . R EE . B . O
W B, EmE ., RS, 2 FhEESE (125 44-3-1E . 1%
i), 2 PRI 2E (R 2 . D-FPEEE) 0 2- 803k nk
MR, 3K A T e B 2 I RSN R 1) S B A S
Yo FEXEER ST, COBE . FEMIE AT 125 -3
i OAV #5=, FEBHXT IR Py i F TRk R, 28
REWIWR . T IR | B gl IR EETRIREY
3 g

ASHHFERRT T ARG 14 58 20 B EE XA
PR T . BB PP L IR ARG | AR BT AN R
TS IFEN . G5 R, SES R )R INZARS
M LB % CON ZH REAIR; DSHQ-1 ZH A% 11 IR & i fi
=1, W R DSHQ-5 ZH/K 43 & & BB AL T . B

FLEIF B SR & i o AP SEE ) 45 PR
KMEF RS, ALE 10 FhEE2E . 5 FlEE2E . 2 Fhig
2. 8 FPEESE . 9 PR IE | S FRERS | 3 Pk M 2 A
3 FPHAZE, FL RS | RS FIER ISR P b i 3
B R ER ST, S S RS INREIR ki
THZE . DA R R S i s 2 B i &, T
XS PRI ARE A ¥R DA A . AR B SRR i 7 <, A 5K
SR TG A XBR A Z R & . ASFstidt—4
HooE 12 Bl OAV>1 IRFIEFE & MRl sr, Horp
CLEE . BV N 1-250-3-I0 OAV 40, S BNIH
REAT . FRRIE 2 R AE AR . 25 b, AHFFETER T
T SR EERT XS B ELAT B AR, ] ARG PR N2
BRI BN T AR IR AR5 2%

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k

[1] 2k, BE s, M &, . FARS A R AR x5 26 e P 424
MR ek R 2% e i e 2 [T]. R e A 52, 2013, 34(14): 223-226.

[ LIU Xin, ZHAO Gaiming, LIU Yanxia, et al. Effects of cin-
namon pieces and powder on volatile flavor components of stewed
chicken leg[J]. Food Science, 2013, 34(14): 223-226. ]
[2] CHENG Y Q, WANG D, ZHANG C J, et al. The impact of
sous vide braising on the sensory characteristics and heterocyclic
amines contents of braised chicken[J]. LWT, 2022, 172: 114176.
(3] k& &M, QLE, & AARGY M ERBERLE
AR [J]. £ s A 3 H K 424k, 2025, 43(5): 26-33. [ ZHANG
Lei, CAO Pei, BAO Huihui, et al. Overview of regulation policies
and industrial applications of food and medicinal substances in
China[J]. Journal of Food Science and Technolog, 2025, 43(5): 26—
33.]
[4] TENG H, XIAO H, LI X, et al. Recent advances in the anti-
aging effects of natural polysaccharides: Sources, structural charac-
terization, action mechanisms and structure-activity relationships [J].
Trends in Food Science and Technology, 2025: 160.
[5] SRIFIF. T AAEL MR DI BAFRA DA R [D]. KR b


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/10.1016/j.lwt.2022.114176
https://doi.org/10.12301/spxb202500427
https://doi.org/10.12301/spxb202500427

. 434 - Q&T\|V$+ﬁ

2026 4F 9 A

% E A X %, 2016. [ GUO Qiangqgiang. Analysis of volatile com-
ponents and special aroma in freshroots of Codonopsises[D].
Taiyuan: Shanxi Medical University, 2016. ]

(6] #irts, Bz, &L 830 K T3 KAELBACT Ry ey
A 10]. & s #4,2011,32(10): 171-174. [ XU Huaide, ZHOU
Yao, LEI Ting. Volatile analysis in fresh and dried Astragali
Radix [J]. Food Science, 2011, 32(10): 171-174. |

[7] SOHAIL A, AL-DALALI S, WANG J, et al. Aroma com-
pounds identified in cooked meat: A review[J]. Food Research
International, 2022, 157: 111385.

(8] WHAE, R ER, RILF HAHEFA T LRAAF D
AR 1], £RAFR, 2024,41(1): 45-52. [ PU Huijuan, ZHANG
Yubing, ZHAO Jiangping. Formulation optimization and quality
control after sterilization of mutton in clear soup and medicinal
die[J]. Journal of Researches on Dietetic Science and Culture, 2024,
41(1): 45-52. ]

[9] TIAN H X, ZHANG Y J, CHEN C, et al. Effects of natural
ingredients on the shelf life of chicken seasoning[J]. Food Chem-
istry, 2019, 293: 120—126.

[10] YUAN S, XU C, XIA I, et al. Extraction of polysaccharides
from Codonopsis pilosula by fermentation with response surface
methodology[J]. Food Science & Nutrition, 2020, 8(12): 6660—
6669.

[11] kb, aantk, AR, BEHIEF IR0 25 A0 i kAR AL
Bot AR R R B T Y AR [T]. F B A, 2024,
43(4):224-230. [ ZHU Ling, YOU, Xinxia, HU Hangwei. Opti-
mization of fermentation technology andantioxidant activity of
Astragalus memeranaceus and Codonopsis pilosula health rice wine
by fuzzymathematics evaluation and response surface method[J].
China Brewing, 2024, 43(4): 224-230. ]

[12] WU J, ZHOU J, YAO L, et al. Effects of goji bud tea on
bioactive compounds, myofibrillar protein characteristics, and flavor
quality in stewed chicken[J]. LWT, 2025, 233: 118523.

[ 13 ] MENG X, WANG I Q, WANG F, et al. Moisture content of
tea dhool for the scenting process affects the aroma quality and
volatile compounds of osmanthus black tea[J]. Food Chemistry,
2024, 438: 138051.

[14] LIY, YU H, ZHAO Z, et al. Gel properties of sheep's hoof
gelatin-dietary polysaccharide interpenetrating polymer network
complex gels with application in low fat lamb patties[J]. Food
Chemistry, 2025, 468: 142427.

[15] LIU X M, LIU Y, SHAN C H, et al. Effects of five extrac-
tion methods on total content, composition, and stability of
flavonoids in jujube[J]. Food Chemistry: X, 2022, 14: 100287.

[16 ] YIN M, MATSUOKA R, YANAGISAWA T, et al. Effect of
different drying methods on free amino acid and flavor nucleotides
of scallop (patinopecten yessoensis) adductor muscle[J]. Food
Chemistry, 2022, 396: 133620.

[17] FU C, WENG J, LUO F, et al. Elucidating cooking-driven
flavor dynamics of paddy field carp (Cyprinus carpio) using a com-
bination of E-nose, E-tongue, GC-MS and GC-IMS[J]. Food Chem-
istry, 2025, 494: 146207.

[ 18 ] KAN X, CHEN G, ZHOU W, et al. Application of protein-
polysaccharide Maillard conjugates as emulsifiers: Source, prepara-
tion and functional properties[J]. Food Research International, 2021,
150: 110740.

[19] WU H, BAK K H, GORAN G V, et al. Inhibitory mecha-
nisms of polyphenols on heme protein-mediated lipid oxidation in
muscle food: New insights and advances[J]. Critical Reviews in

Food Science and Nutrition, 2024, 64(15): 4921-4939.
[20] ZHANG Z, MIAO J, WANG L, et al. Assessing the effect of
Lycium barbarum polysaccharides on the formation of heat-induced
myofibrillar protein gels[J]. Food Chemistry Advances, 2025, 7:
100950.
[21] ZOU Y F, ZHANG Y Y, PAULSEN B S, et al. Prospects of
Codonopsis pilosula polysaccharides: structural features and bioac-
tivities diversity [J]. Trends in Food Science & Technology, 2020,
103: 1-11.
[22 ] EINHORN-STOLL U. Pectin-water interactions in foods-
From powder to gel[J]. Food Hydrocolloids, 2018, 78: 109—119.
[23] LI K, REN Y, LI 'Y, et al. Gel properties and interaction
mechanism of heat-induced lentinan-chicken myofibrillar protein
[J]. Foods, 2025, 14(9): 1614.
[24] 33w, 40, FNE%E, 5. AR MR W R LS 5%F
AR T]. ¥ 54,2016, 39(9): 2005-2012. [ GUO Qionggiong,
LI, Jin, SUN Haifeng, et al. Analysis of volatile components and
special aroma in fresh roots of Codonopsis Radix[J]. Journal of
Chinese medicinal maerials, 2016, 39(9): 2005-2012. ]
[25] F#&H, LR, FMEE, . SPME-GC-MS 247 R Fl = 4
FRK T ELERA RS ], F Bk, 2016,35(5): 175181,
[LI Yanmin, YANG Keyu, SUN Jiewen, et al. Volatile com-
pounds analysis of dried Astragali Radix from different areas by
SPME-GC-MS[J]. China Brewing, 2016, 35(5): 175-181. ]
[26] ZHANG N, LI J, HU Y, et al. Effects of astragalus polysac-
charide on the immune response to foot-and-mouth disease vaccine
in mice[J]. Carbohydrate Polymers, 2010, 82(3): 680—686.
[27] LIU Y X, SONG X M, DAN L W, et al. Astragali Radix:
comprehensive review of its botany, phytochemistry, pharmacology
and clinical application[J]. Archives of Pharmacal Research, 2024,
47(3): 165-218.
[28] #A3p, FAS, RRE5, & MR RBEREE AT H RS A
HUBR For G0 B AL & M T AL R F AR X M A7 [T]. F B ELig, 2024,
43(12):71-77. [HU Kun, LIANG Kai, LANG Fanfan, et al.
Changes offunctional components, organic acid, antioxidant activity
otheathy vinegar during theaging and its correlation analysis[J].
China Brewing, 2024, 43(12): 71-77. ]
[29 ] EGHBALIFERIZ S, IRANSHAHI M. Prooxidant activity of
polyphenols, flavonoids, anthocyanins and carotenoids: Updated
review of mechanisms and catalyzing metals[J]. Phytotherapy
Research, 2016, 30(9): 1379-1391.
[30] GAO Y, DONG Y, GUO Q, et al. Study on supramolecules
in traditional Chinese medicine decoction[J]. Molecules, 2022,
27(10): 3268.
[31] PANAKKAL E J, TANTAYOTAI P, ADEDIRAN A A, et
al. Chemical profiles of herbal compress and their persistence
affected by steaming and storage time[J]. Journal of Chemistry,
2021(1): 2743855.
[32] CHEN S K, WANG X, GUO Y Q, et al. Exploring the par-
tial degradation of polysaccharides: Structure, mechanism, bioactivi-
ties, and perspectives [J]. Comprehensive Reviews in Food Science
and Food Safety, 2023, 22(6): 4831-4870.
[33] DING Y, CHENG R, LI Y, et al. Effects of stir-frying on
chemical profile, sensory quality and antioxidant activity of
Chrysanthemi Flos: A metabolomics and sensory study[J]. Food
Research International, 2025, 200: 115391.
[34] WANG M, L1Y, LIU Q, et al. Ameliorating the stability of
native/thermally denatured chicken-derived myofibrillar proteins
particles in an aqueous system: The synergistic effect of acidifica-


https://doi.org/10.1016/j.foodres.2022.111385
https://doi.org/10.1016/j.foodres.2022.111385
https://doi.org/10.1016/j.foodchem.2019.03.084
https://doi.org/10.1016/j.foodchem.2019.03.084
https://doi.org/10.1016/j.foodchem.2019.03.084
https://doi.org/10.1002/fsn3.1958
https://doi.org/10.1016/j.lwt.2025.118523
https://doi.org/10.1016/j.foodchem.2023.138051
https://doi.org/10.1016/j.foodchem.2024.142427
https://doi.org/10.1016/j.foodchem.2024.142427
https://doi.org/10.1016/j.fochx.2022.100287
https://doi.org/10.1016/j.fochx.2022.100287
https://doi.org/10.1016/j.fochx.2022.100287
https://doi.org/10.1016/j.foodchem.2022.133620
https://doi.org/10.1016/j.foodchem.2022.133620
https://doi.org/10.1016/j.foodchem.2025.146207
https://doi.org/10.1016/j.foodchem.2025.146207
https://doi.org/10.1016/j.foodchem.2025.146207
https://doi.org/10.1016/j.foodres.2021.110740
https://doi.org/10.1080/10408398.2022.2146654
https://doi.org/10.1080/10408398.2022.2146654
https://doi.org/10.1016/j.focha.2025.100950
https://doi.org/10.1016/j.foodhyd.2017.05.029
https://doi.org/10.3390/foods14091614
https://doi.org/10.13863/j.issn1001-4454.2016.09.018
https://doi.org/10.13863/j.issn1001-4454.2016.09.018
https://doi.org/10.13863/j.issn1001-4454.2016.09.018
https://doi.org/10.11882/j.issn.0254-5071.2016.05.037
https://doi.org/10.11882/j.issn.0254-5071.2016.05.037
https://doi.org/10.1016/j.carbpol.2010.05.030
https://doi.org/10.1007/s12272-024-01489-y
https://doi.org/10.1002/ptr.5643
https://doi.org/10.1002/ptr.5643
https://doi.org/10.3390/molecules27103268
https://doi.org/10.1155/2021/2743855
https://doi.org/10.1111/1541-4337.13244
https://doi.org/10.1111/1541-4337.13244
https://doi.org/10.1016/j.foodres.2024.115391
https://doi.org/10.1016/j.foodres.2024.115391

478 17

KRR , % SEZANE PO AU AL BT TR R XU A5 - 435 -

tion combined with inulin and inulin/sodium alginate[J]. Interna-
tional Journal of Biological Macromolecules, 2023, 253: 127383.
[35] CHAI I, XU X, ZHAO X. Effects of polysaccharides on the
solubilization of myofibrillar protein in aqueous solution: A compar-
ative study[J]. Food Hydrocolloids, 2025, 164: 111193.

[36 ] BABU A, SHAMS R, DASH K K, et al. Protein-polysaccha-
ride complexes and conjugates: Structural modifications and interac-
tions under diverse treatments[J]. Journal of Agriculture and Food
Research, 2024, 18: 101510.

[37] KE C, LI L. Influence mechanism of polysaccharides induced
Maillard reaction on plant proteins structure and functional proper-
ties: A review [J]. Carbohydrate Polymers, 2023, 302: 120430.

[38] LIOE H N, APRIYANTONO A, TAKARA K, et al. Umami
taste enhancement of MSG/NaCl mixtures by subthreshold L-a-aro-
matic amino acids[J]. Journal of Food Science, 2005, 70(7): s401—
s405.

[39] WU S, MENG Z, YUE Z, et al. Effects of addition of Clito-
cybe squamulose on nutrients and formation of micro-nanoparticles
in Chinese three-yellow chicken soup[J]. LWT, 2024, 191: 115593.
[40] XIA C, HE 'Y, CHENG S, et al. Free fatty acids responsible
for characteristic aroma in various sauced-ducks[J]. Food Chem-
istry, 2021, 343: 128493.

[41] XU X, GAO F, YANG X, et al. Improvement in texture and
flavor of prepared meat patties with natural marination ingredients
[J]. International Journal of Gastronomy and Food Science, 2025,
40:101181.

[42] WANG L, ZHAO B, CHENG X, et al. Exploration on the
stability changes and flavor profiles of duck soup during cooking
[J1. LWT, 2024, 211: 116905.

[43 ] AL-DALALI S, LI C, XU B. Insight into the effect of frozen
storage on the changes in volatile aldehydes and alcohols of mari-
nated roasted beef meat: Potential mechanisms of their formation
[J]. Food Chemistry, 2022, 385: 132629.

[44 ] HUSSAIN S, REHMAN R, MUSHTAQ A, et al. Clove: A
review of a precious species with multiple uses[J]. International
Journal of Chemical and Biochemical Sciences, 2017, 11: 129—-133.
[45] QIANG Y, WANG J, JIANG W, et al. Insights into the flavor
endowment of aroma-active compounds in cloves (Syzygium aro-
maticum) to stewed beef[J]. Food Chemistry, 2025, 462: 140704.
[46] ZHAO C C, EUN J B. Shotgun metagenomics approach
reveals the bacterial community and metabolic pathways in commer-
cial hongeo product, a traditional Korean fermented skate product
[J]. Food Research International, 2020, 131: 109030.

[47] ZHAO J, WANG M, XIE J, et al. Volatile flavor constituents
in the pork broth of black-pig[J]. Food Chemistry, 2017, 226: 51-60.
[48 ] ZHANG M, CHEN X, HAYAT K, et al. Characterization of
odor-active compounds of chicken broth and improved flavor by
thermal modulation in electrical stewpots[J]. Food Research Inter-
national, 2018, 109: 72—81.

[49] SUN X, YU Y, SALEH A S M, et al. Characterization of

aroma profiles of chinese four most famous traditional red-cooked
chickens using GC-MS, GC-IMS, and E-nose[J]. Food Research
International, 2023, 173: 113335.
[ 50 ] HUANG L, HO C T, WANG Y. Biosynthetic pathways and
metabolic engineering of spice flavors[J]. Critical Reviews in Food
Science and Nutrition, 2021, 61(12): 2047-2060.
[S1] EASE, FiFmk, s, . RF W 698 T LA
A JE Rk R o 89 5 v o AT (1], AR & A3, 2022, 38(9):
308-320. [ WANG Qiuting, LI Zelin, GUI Haijia, et al. Optimiza-
tion of enzymolysis of sarcodon aspratus and comparative analysis
of its flavor components before and after enzymatic hydrolysis[J].
Modern Food Science and Technology, 2022, 38(9): 308—320. ]
[52] ZHU N, CUI X, LENG F, et al. Volatile organic compounds
from medicinal plant Codonopsis Radix: unraveling rhizoplane
microbiome interactions for accumulation of active components [J].
Plant Physiology and Biochemistry, 2025, 222: 109688.
[53] MERLO T C, LORENZO J M, SALDANA E, et al. Relation-
ship between volatile organic compounds, free amino acids, and sen-
sory profile of smoked bacon [J]. Meat Science, 2021, 181: 108596.
[54] LEI W, CUI Z, HU W, et al. Characterization and compar-
ison of flavor compounds in different specialty chicken meat after
stewing[J]. Food Chemistry: X, 2025, 28: 102589.
[55] AR E, %74, THH, F. AT GC-IMS f= GC-MS #) &
B E R R R % 247 [T]. & S Tk A3, 2025, 46(24):
343-354. [ NA Zhiguo, AN Yutong, YU Boyang, et al. GC-IMS
and GC-MS analysis of volatile flavor components of fermented
corn flour[J]. Science and Technology of Food Industry, 2025, 46
(24): 343-354. ]
[56] #hra, k&R, Fied, 5 AT T RFETEHEIIN=
A B R AR S AL A4 [T, Ao Tk A3, 2025, 46(24):
291-301. [ LIN Yang, ZHANG Xinyue, LI Xiaolei, et al. Analysis
of volatile flavor compounds in three types of baked fish fillets using
an electronic nose combined with GC-IMS[J]. Science and Tech-
nology of Food Industry, 2025, 46(24): 291-301. ]
[57] #E8 425, T ukdk, § AT GC-MS WAL 2940 2
AT 2 AR AR R Rk R R ok (U], R e Tk A, 2021,
42(13):274-283. [ PAN Meiqi, YANG Fang, JIA Hongfeng, et al.
Effects of Pixian Douban and Douchi on the volatile flavor com-
pounds of fried pork with salted pepper based on GC-MS[J]. Sci-
ence and Technology of Food Industry, 2021, 42(13). 274-283. ]
[58] PAN Q, SHAO X, XIAO Q, et al. Revealing the flavor
changes of spiced beef under different thermal treatment tempera-
tures: a complementary approach with GC-IMS and GC-O-MS[J].
Food Chemistry, 2025, 473: 143074.
[59 ] JEARIR, Hdsdn, FRAR, 5. WOF B AT i L2
AR R Rk R AT, A e T AL, 2026, 47(4): 324-336.
[ FAN Linao, CHEN Tingru, CHEN Jicheng, et al. Changes in
volatile flavor compounds of tender kelp during the processing of
freeze-dried soup cubes[J]. Science and Technology of Food
Industry, 2026, 47(4): 324-336. ]


https://doi.org/10.1016/j.ijbiomac.2023.127383
https://doi.org/10.1016/j.ijbiomac.2023.127383
https://doi.org/10.1016/j.foodhyd.2025.111193
https://doi.org/10.1016/j.jafr.2024.101510
https://doi.org/10.1016/j.jafr.2024.101510
https://doi.org/10.1016/j.carbpol.2022.120430
https://doi.org/10.1111/j.1365-2621.2005.tb11483.x
https://doi.org/10.1016/j.lwt.2023.115593
https://doi.org/10.1016/j.foodchem.2020.128493
https://doi.org/10.1016/j.foodchem.2020.128493
https://doi.org/10.1016/j.foodchem.2020.128493
https://doi.org/10.1016/j.ijgfs.2025.101181
https://doi.org/10.1016/j.lwt.2024.116905
https://doi.org/10.1016/j.foodchem.2022.132629
https://doi.org/10.1016/j.foodchem.2024.140704
https://doi.org/10.1016/j.foodres.2020.109030
https://doi.org/10.1016/j.foodchem.2017.01.011
https://doi.org/10.1016/j.foodres.2018.04.036
https://doi.org/10.1016/j.foodres.2018.04.036
https://doi.org/10.1016/j.foodres.2018.04.036
https://doi.org/10.1016/j.foodres.2023.113335
https://doi.org/10.1016/j.foodres.2023.113335
https://doi.org/10.1080/10408398.2020.1769547
https://doi.org/10.1080/10408398.2020.1769547
https://doi.org/10.13982/j.mfst.1673-9078.2022.9.1248
https://doi.org/10.13982/j.mfst.1673-9078.2022.9.1248
https://doi.org/10.1016/j.plaphy.2025.109688
https://doi.org/10.1016/j.meatsci.2021.108596
https://doi.org/10.1016/j.fochx.2025.102589
https://doi.org/10.1016/j.fochx.2025.102589
https://doi.org/10.1016/j.fochx.2025.102589
https://doi.org/10.13386/j.issn1002-0306.2025010150
https://doi.org/10.13386/j.issn1002-0306.2025010150
https://doi.org/10.13386/j.issn1002-0306.2025010150
https://doi.org/10.13386/j.issn1002-0306.2025010150
https://doi.org/10.13386/j.issn1002-0306.2020070199
https://doi.org/10.13386/j.issn1002-0306.2020070199
https://doi.org/10.13386/j.issn1002-0306.2020070199
https://doi.org/10.1016/j.foodchem.2025.143074

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品制作
	1.2.2 色泽测定
	1.2.3 水分含量
	1.2.4 剪切力
	1.2.5 感官评价
	1.2.6 黄酮含量测定
	1.2.7 多糖含量测定
	1.2.8 游离氨基酸含量测定
	1.2.9 核苷酸含量测定
	1.2.10 挥发性香气成分的测定
	1.2.11 气味活性值（OAV）的计算

	1.3 数据处理

	2 结果与分析
	2.1 党参和黄芪添加对炖鸡肉品质的影响
	2.1.1 色泽
	2.1.2 水分含量
	2.1.3 剪切力

	2.2 党参和黄芪添加对炖鸡肉感官评价的影响
	2.3 党参和黄芪添加对炖鸡肉活性成分的影响
	2.4 党参和黄芪添加对炖鸡肉滋味成分的影响
	2.4.1 游离氨基酸
	2.4.2 核苷酸

	2.5 党参和黄芪添加对炖鸡肉挥发性香气成分的影响

	3 结论
	参考文献

