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Odor Spectrum Characteristics in Bamboo Shoots Ingested by
Captive Giant Pandas from a Macroscopic Perspective
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ZHOU Yu*?, LI Guo*?, LUO Bo*?, KE Yaopeng**,
YANG Qunmei*?, TANG Yong*?, ZHANG Guiquan***, XIAN Yikun'’

(1. Sichuan Provincial Academy of Natural Resource Sciences, Chengdu 610041, China;
2. China Conservation and Research Center for the Giant Panda, Chengdu 610051, China;
3. Key Laboratory of State Forestry and Grassland Administration on the Giant Panda, Chengdu 610051, China)

Abstract: To explore the odor spectrum characteristics of bamboo shoots ingested by captive giant pandas (Ailuropoda
melanoleuca) from a macroscopic perspective, seven species of bamboo shoots ( Chimonobambusa quadrangularis shoot,
Ch. purpurea shoot, Ch. hejiangensis shoot, Ch. ningnanica shoot, Phyllostachys rubromarginata shoot, Ph. bissetii shoot,
and Pleioblastus maculatus shoot) were used as materials, and were abundantly fed in batches at the large-scale giant
panda breeding base during different seasons, and the samples were randomly collected. The feeding behavioral re-
sponses of different ages giant pandas after sniffing tested bamboo shoots were observed, and organizing professional per-
sonnel for olfactory evaluation and HS-SPME-GC-MS combined analysis. The results showed that: (D After sniffing seven
species of bamboo shoots, all tested giant pandas of different ages exhibited feeding behavior, indicating that overall odor
of these bamboo shoots had strong feeding attractant effect. 2 The relative intensity of multi-dimensional olfactory evalua-
tion indicators all showed differences, which revealed that captive giant pandas had a broad inclusivity to the odor spectrum
of bamboo shoots. 3 The components of odor spectrum identified from these bamboo shoots not only showed a certain de-
gree of similarity, but also showed diversity. The results provided novel insights and data support for understanding the

odor mechanism of food selection of giant pandas and development of specific feeding attractants.
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Table 1 Age and sex structure of tested giant panda population
AEREBE Age stage P51 Sex
RURILE: ] BRHEARE /H AUA Subadult JAA Adult E4F: Senior e Male e Female
Observation period Sample size
g b BRI G MR K% BRI S SR S BOR I S %
Number Ratio Number Ratio Number Ratio Number Ratio Number Ratio
20244F10 7 T H)
Late October 2024 36 13 36. 11 7 19. 44 16 44. 45 47.22 19 52.78
20244F 12 A%)
Farly December 2024 41 14 34.15 9 21.95 18 43.90 41. 46 24 58.54
20254E6 J LA]
3 2 .62 24 2. 2 1. 2. 47.
Farly June 2025 7 6 35.6 32.88 3 31.50 52.05 35 7.95
F2 WiXTFEMEE L TH
Table 2 The species and test schedule of tested bamboo shoots
75 P Ay g T FH A A D=y
No. Tested bamboo shoot Origin Feeding period Test period Test season
1 FiT % Chimonobambusa quadrangularis shoot DU 148 S T SCH-VTAH 10 A La)—11 A Ifiy 2024-10-21—22 FkZ=
2 W SAT 5 Ch. purpurea shoot DO 1|48 VT HE 7 5 0k L1 9H FHa—10 A TH) 2024-10-24—25 FkZ=
3 BULTTVT 95 Ch. hejiangensis shoot DU 148 BUK HoK B 10 H FA—11 H 4] 2024-10-28—29 &S
4 TR A TS Ch. ningnanica shoot = A 10HHH—12A EA) 2024-12-02—03 LIRS
5 L1 5F Phyllostachys rubromarginata shoot P48 01 B = {141 5H bal—6 A 4] 2025-06-03—04 HEAREW
6 BEATHF Ph. bissetii shoot P48 S M T SO T 4 FH—6 A LA 2025-06-09—10 HARER)
7 BEW A5 Pleioblastus maculatus shoot U114 0 B L s A A SHTH—6H T4 2025-06-12—13 HREL)
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1.6.1 HS-SPME 7 %
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TS AL he ZEHUOE S , 40 10 £ 4 Sk IF B T as
I, DR LT 4 S 5588 2 GO HERE T, f#1 3 min>",
1.6.2 GC-MS7 %

Y& W) 53 M AE Agilent 7890B-5977B i GC-MS Bk
JHAL 3547 , i B HP-INNOWax 47 9% 6 40 4 {6 i A
(30 m X 0.25 mm, 0. 25 um) . DOGC A FAE R
4250 °C, 8 AR A A, HE R 0. 80 mL/min,
PEREAT WL 50 1 A TR R )T, R IR I
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8 °C/min # T+ % 260 °C, H+F 10 min, @MS 5514 -
BB TFIR(70 V), B T-IREE 230 °C, DUMRAT
T 150 °C, LR 2 22 1R 250 °C, o 414 7
20 ~ 450, Qe TR & ik FF R A SN ik 1 22
GC-MSHCE MTHEAL A a2, 9140 %0 W3 P ot 5
15 Wiley 25 11 i [#1 3% 22 1 NIST 2014/NIST 2017
Library 11 i 5 fE 15 B E AT N TR R ITEC , 25 &
B I [R]85 3 R i MR AR R AT ) B S, DR E
3K > 80% . 4% U143 AH X F ik e e 1w AU —fk
SRR S R e AT A3 B A AT s
Al H AR N GLHRAE
1.6.3 AV HF R R4 0 AR

AR SR AR S A R 4R GB 2760—2024( &

= SRR

Ir1 % Chimonobambusa quadrangularis shoot
HIERAT S5 Ch. purpurea shoot

BLITPT5% Ch. hejiangensis shoot

T IS Ch. ningnanica shoot

L1315 Phyllostachys rubromarginata shoot

FYAT5F Ph. bissetii shoot

HERAT S Tested bamboo shoot

PEAT 55 Pleioblastus maculatus shoot

Odor intensity ~ Odor pleasantness

il 224 [ SR 1 TS IR HIARE ) 35 B.3 T 51
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oy AR R TR A A0 AR AR AR IS 2 1
{1 = AROF5r Z AT B

K H GraphPad Prism 8. 0. 2 8 {F 17 B (R K 7
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Figure 1 The evaluation scores of overall odor indicators of seven tested bamboo shoots
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Figure 2 The evaluation scores of main aroma indicators of seven tested bamboo shoots
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Figure 3 The evaluation scores of main note indicators of seven tested bamboo shoots
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TAPTHHRES (1. 79) AR ZE R A BE(P>0.05),
2.2.3 E &AL
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fief JR L ) SR S ) B RS a0 e (7. 07) , HR R B
WATH(6. 83) , TR AT AR 4 5 I (5. 00)
HYEZFALE(P>0.05), £ R4 E EEETT
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(6.67) , HU R BATF (6. 57) , J5 P50 fh iFA5- 43
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Zi L iR, 7 A AT S 8 R B A TSR Y




128 o4 3 B % W AT

fiE, FUB RS | R EHR GBS PR E TN a7 VEULBE SR 2) , /A 2 B S [AIAT 55 ) A RO o3 7
FETER AR B i 8, e e T R [l AT S5 SRS 1 22 FPEAS i LA R
FEME 55 420 . 2.3.1 VOCs % 7] 4%,
2.3 MrSIIRE S0R o S S A o Hi & 3 AT, DA 7 R R A7 4 v 0 s 10 A4S

K HS-SPME-GC-MS 4% AR X} 7 Fp AT 55 4 iy 1F VOCs 25 . AS[RIAT 59K 19 VOCs 28 511 50R 8 1§
P, IR K A 00 2 0 38 PE 0 5 GB 2760— 92, AR AT ARG T 9 28 Ho Ay o R A M 8 2
2024 E dh 2 A B GEAR I £ S S IR R AR v ) KU E B C R SR S SN R N S N TR N RS
VI B PR R R Y BT, S B R IR 6 iy W 2 RS R R A LR Ak
RUE SNy K AR S (L 1038 124 Fh . WRMUAFAE AT 55k
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Table 3 The number of typical aroma components of VOCs categories from seven tested bamboo shoots

N , " . e RBE , v VOCsHEJIE B
ikt Bt mk o omE O OEE X BE 0Nk Rk mskmk oonk | BRRE
Tested hamboo shoot Alkenes  Alcohols  Phenols ~ Ethers ~ Aldehydes  Ketones M Bters Heterocyclics  Organic sulfides S )
acids VOCs categories  the components
Jifig
Chimonobambusa quadrangularis shoot 3 ! 0 % 8 6 3 2 0 8 60
A%
MR s 1 0 17 7 4 4 3 0 8 60
Ch. purpurea shoot
A Yol
E(Ij?ﬁﬁ . 5 19 0 0 17 8 3 4 3 1 8 60
Ch. hejiangensis shoot
s g feke
ijﬂlﬁ 4 19 0 0 24 5 2 7 2 1 8 64
Ch. ningnanica shoot
473 Joe
ARUIED . 2 13 2 0 18 4 I 16 2 0 8 58
Phyllostachys rubromarginata shoot
AT
Ph. bissetii shoot . 10 ! ! 18 8 0 ? 4 ! K 5
O LI ke
Tt 2 1 1 0 17 6 1 18 3 0 8 55

Pleioblastus maculatus shoot

MVOCs B R PO , ST & i 5 36 268 X0 3 (90 51 5 67. 65% . 89. 87% Fil
RHAERNH G5 TH RBTFERMGILIN 90.52%) , T B2 P e FOR AR SRR AE (9 4% 0 )
FRLABESE R MBS I, Hs s Wt it 2600 PR AT o B R R, ARG 5 B i = O e
W% TR LA BT AP TTH J(41. 68%) (24, 13%)MUAIER(4. 27%) (F4).
I AREZE (RESS RG2S 3, P BE AT R 2E M 2.3.2 SRR E R OR 5 09 LA AE

FHE RO A E (18 ), TR 1T 5% (L0 A A R T R AT 55 L S TE 124 ol i R R SO
SRAT A LI e 22, S 24 (18 18 Ff (K 3) ¢ oy, AR RBUR AT fE—E 2 5 (55 ~ 64 ) , P 77

MAHXS & R, ST VOCs RIS i S AR 2 (64 Fh) , BT 55 5 B A S de b
5 HAP R AR S R O R, 3 43 ) I (5580 5 A A 58 b LA 22 Bh sy, A 66 U d-4%05
TR DTk S )T (R 3,5 4) . Bl 1-2F05-3-F% O | X -2- BRI T A 0 S T L K
W AE AT R BAT S BT A SRR AT iR R (2- £ HE Wi ml 55 (B 55 2) , i T AL PR
ML R (2830 ) HHAX &8 RWEAL SULFEE ASFEAT A REF SR B E S
(0.70% ~ 6. 17%) Yok AT Rl 347, B8R 5 <R Mo Ak, PG 2Z (8 A 1853 R 27 ~ 50 F, B LAy
DU o [R5 5% ORI AT SRR A VT A S H20~61F(F5), HEFTHEIEAH 2~ 8FA
JeH e 2 0O (BE R a2 ) oA Bt By, BN TR 5 T 55 A0 DR M L0 AT 5 0 e
Fo LLIATSE BRATERMBE AT E N BB S — KBTS RK RS T BRAE X S 4 AT BE SR TR
R, BVER 2R A IR AR R ey  (BILAEXT MR SR Y
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Table 4 Relative content of VOCs categories in typical aroma components from seven tested bamboo shoots %
o e e e , o BRE R
fitittrs mE%E MR Bk mEE [izs X n EER KB AHBRMYE AT
Tested bamboo shoot Alkenes  Alcohols Phenols  Ethers  Aldehydes Ketones 'dy ~ Esters Heterocyclics  Organic sulfides  Total
acids
%
jﬂjﬁ . 0.45 16. 89 0 0 54.32 3.92 2.05 0.68 6.17 0 84.48
Chimonobambusa quadrangularis shoot
i DA A
RRATR 4.01 59.53 0 0 15.92 0.50 1.45 0.48 4.29 0 86. 18
Ch. purpurea shoot
PASY i
" (Ij?ﬁ;} . 1.30 70. 66 0 0 15.91 1.20 0. 80 0.46 2.23 0.94 93.50
Ch. hejiangensis shoot
o iy
Trﬁ?ﬂﬁ;&. 4.27 41. 68 0 0 24.13 1.21 0.27 1.44 2.09 0 75.09
Ch. ningnanica shoot
é > i
At . 0 6.53 0 0 11.78 0.73 0 67. 65 1. 10 0 87.79
Phyllostachys rubromarginata shoot
o K
Qiﬁiﬁ% 0.85 1.93 0 0 4.53 0.20 0 89.87 0.31 0 97. 69
Ph. bissetii shoot
S o A
B AT 0.30 0. 60 0 0 5.64 0.21 0.21 90. 52 0.70 0 98. 18

Pleioblastus maculatus shoot

x5 TSI FRBAESHONEERSERER

Table 5 Overlap and difference matrix of typical aroma components among seven tested bamboo shoots

Jitr RN AU TR EARULUES RWATE BT
Chimonobambusa ~ Ch. purpurea  Ch. hejiangensis ~ Ch. ningnanica Phyllostachys Ph. bissetit ~ Pleioblastus

fakfr

Tested bamboo shoot

quadrangularis shoot shoot shoot shoot rubromarginata shoot shoot maculatus shoot

It
Chimonobambusa quadrangulars shoot 45 43 44 35 32 31

I 5
it 30 - 50 46 35 36 30
Ch. purpurea shoot
Ay KA
CRIW RIS B
Ch. hejiangensis shoot 34 20 47 35 34 27
fa=d A

TR 36 k) 30 — 39 34 29
Ch. ningnanica shoot
EARUNIES
Phyllostachys rubromarginata shoot 48 4 48 44 36 37
WA B
Ph. bissetii shoot ’1 43 47 51 41 41
N
sl 53 55 61 61 39 28 —

Pleioblastus maculatus shoot

TE: JERE B = (AL ) B R i 7 ] 3 i S8 7 SO Bt s = OO S R0 ) RO 37 PRI Y 57F 1) B S ) i 0 7
IR o

Note: Data in the upper triangle (above the diagonal) indicate the number of shared typical aroma components between two bamboo shoots ; data in

the lower triangle (below the diagonal ) indicate the number of distinct typical aroma components.

TEEBFH R TR, AN FAT S R B o 2 BRAFAE (P 1 ~ 1 3) A EIE .
S (R3) . AT RIRAT A BT R T g b, 7 B AT A I TR R S A3 A 28 I 4L
A 77T SR L A A R T 2R RS, 0 O R L TR B S S5 R OCHE R B HAR T LR
1-CV B 5 R 5, LT S RO o A AR X 5 i R ) Z2 e S R St R TR [RAT SRR
44.57% ~T1. 63% . ZLIPT T 38 AT 55 FN B35 17 152 22k 5 PEALARAE
SN AR 2 Sk 3, L HOR K A7 2 H R A X 3 Fl 4 v 3 Wi
¥k f 2 B R (R 5 1 63. 90% ~ 89. 64%) , H
IRE T W 1+rl?lilﬁmL76 37% ~ 93. 54%, 3% U 3.1 [EFERREINR £ 1T I AW IR R AIE
SRy B H 1 25 5 S5 RCE PPN R RIAT SR R P 580 I SRR AR T R T 95,
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4T %

ZMERAB VARG, J8 2 GRS, 78IS T
(AR A s v, S0 it 2 8 ORI R BB T £
TR 5 S D58 B A AR i T, R RE A B WCR S
R R B SRR S5 /N VOCs
B e B YA G, 3 T B m] K RE AN L8R
B B ARFRTRA 2R 2548, 5 A iR
KRR AR AR B N TT, Bt s 20
JE GRS 2 AT SRR M A BB T . T
T, 3 26 22 4 i T A i D A9 IRUER G bR ] R AE AT 55
BRI IR B RRIE . AIFSE 45 SR R I, 7 I AT 9 e
LI NN R i E TN R e (= | IR 2 S 6 E =R AN R
X R ZAF1E— a2 5 BT Z iRk
REAH (WS4 A A 47 ) 76 L) 5 35 4k & I AT
7, Ui B L7 K AR AN SR 7 S5 B X RO S 1 B 4
B — 5 30 B A A 25 (A BRI 6. 50 ~ 8. 33,
FAR3.17 ~6. 17, Fr 5. 00 ~ 7. 07 %) . X FP 4
FEMEY R T R AR X RIS B E R AR A IA W] TE R,
TR B A AN [ Bsf [] 12 () SR 5 22 P Ay 55 a4k
X TR AT SR B 1), LAARAS B 2078 SR 0L A
HEFBEN T ERIED . e MAE KM L2 A1 hE
% o X AN [R) 215 SR 7795 VOCs AL 7 it 11
HARAR AR, M T AR B B - 1) Bt 4 4 28 Ak B A
AR (RI PR A7) 2 FE R SR AR T U 4 XS
FEH AR LA M 2T B EA T 2 R . X
— R PR R T ST T SR AR Y TR
FE R PRAR R RER ) TS B BRI T AT il
3.2 [EFERREINCR 1T OIS 7 FRAIE
ISR, T FPAT 5 SRS LR A2 il Ay |
SEHUBARRIE S ZREIF A RE . N7 R R
SR E E EE ER BRI AR K VOCs, HA
22 FfekH ] A RS o (I d-2505 O (1-2 -3+
PS5 ) SR B T A 55 Ak 0 B TSR Atk L T REAE
SR RS LU AT AT B R S A2 R S . (B
VOCs 2K b AR E LA 7 i
5 R BT ARA VLT AT A LA B RSSO B
T2 5 22 (1) 28 30) (T 28 Bl Bt ) 3 A 2 A X 5 et e
1R IS5 LTI AT 5 R AT F RN B A 55 D LA TR
2 F (& 67. 65% ~90. 52%) , 5t 1
TR A R HE i B4 5 5 BB VA v I 28T R Y 5
FURRAE S B OCHE . HR ZE LA /KO b PR )
A W3 B R 27 ~ 50 Fh AN [R5 20 ~ 61 F, HL
R SR R R 2 ~ 8 R TR T R S Xk

WS 2R . XA SRR T AT A i
G ENE, HESE TRE AR RS, I n]
REN T AN Ry 5 A 10 A U 1
3.3 FORERERHAE AR s 1 G

ABETE R0 2 4E R W 45 R S GC-
MS A 73 K BEA T S B A, 45 SR R W e
JE VE AT fE th 2 22 i SE Rl e o flan, 5 A
5 1-CEE - -3l S a-2- M- 1-l i R
A-2- IO T 45 22 PP RE A DS AR G 5 T E 2 d-
T R X, -2, 4-C TR S R L
MESEY AT O s R IR E R E 7R O e -B-
B 2 W AEAT OG5 T LL AT S 25 R i A e A TR 28
OCHIE ARG IR PR ) & &, W45 HEsm 2R R TR
BRI B S Y HOPE BONARAT o m] UL A SR
PR IE HAN[R] VOCs 251 ) 22 Fif L0 3 i o3 3
[ 2 B, AR B — A B LA S8 R 7 2R E .
SRR T NURIE BB A T IRFER R FE EAL
il B4 5 B

4 %ig

ABIESEE N ZZ WA BEAR ST T Bl SR R AR A R B
Py 5 I SR IR B R AR AL 27 LA R AE L 48R T e
Fr R RS R B AT SIS X RS I B R b A — 5
I ) L A, D T R AT AR B TR R 5
P ] 0 AN R] P SR B P 2 LB AR AR AL R ik i 22
FEPER I, TRAL T XA 58 ™ A A T ) B 5 AR
T OCHR[ 4 ] ICFAT S5 R AT 55 v S Hh Y 62 Fob L7
ARG AT OB HE SR 74 B LR SO
P SRR R AN L AT IS B A &R i S 1 T
Z27% . RKRWFE S S T 5 (E-nose) A B
- (GC-0) AFHA , BE— 2B X KRR A
KBNS I AT PESUR AL oy PR TEAME 22 57
PR 26T A i 4 RS2 W, AT A 9 M i 55 R
RN B0 1) 74 B S AR AR T

Bt ZIIEITE LT TAARRAT F 6 4 A
F L4, JEF B KBRS AR A TR
KA R KI5 A S R B AR Z A AL TE
RAE 8 T AL R A L R A S TSR RA= 6 AR AR
Bt G s 4 AR e 3R KRR AR R A S A AR
FR 8] (W )| 8 S R AR TR AR PO )W
BEFER FIELZEORI I, ARENMG
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