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Effect of a Flavor Agent on
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Abstract: In order to explore the flavor mechanism of selective ingestion by captive juvenile giant pandas (Ailuropoda
melanoleuca) , a special flavor agent was independently studied and developed for captive juvenile giant pandas, according
to the ingestive behavior characteristics, familiar food aroma and favorite food taste of captive juvenile giant pandas.
Through the olfactory and gustatory evaluations by professionals, the flavor agent could improve the main odors and tastes
of bamboo leaves. From June 2022 to March 2023, the bamboo leaves of Chimonobambusa purpurea, Pleioblastus macu-
latus, Chimonobambusa utilis and Ch. szechuanensis were fed to seven about 1. 5-year-old captive giant panda cubs (three
males and four females) , six about 2. 5-year-old (two males and four females) and six about 4. 0-year-old subadult captive
giant pandas (three males and three females). Only the test group’s bamboo leaves were sprayed with the flavor agent,
but not the control group. During each morning and mid-day feeding time, the feeding test was carried out for 30 minutes,
and the placement of two different groups of bamboo leaves were swoppted. The sequences ingested the test group’s bam-
boo leaves and control group’s bamboo leaves, maximum continuous ingesting time, total ingesting time, the number of in-
gested bamboo branches and bamboo leaf intakes were quantified through free choice ingestion tests of the captive juvenile
giant pandas and video replays of their ingestion processes. The results showed that: (1) The flavor agent could signifi-
cantly increase the proportion of first ingestion times of the 1. 5-year-old giant panda cubs. (2) The flavor agent could signifi-
cantly increase the maximum of continuous ingesting time of the 1. 5-year-old and 2. 5-year-old juvenile giant pandas, and
the averaged increase rate was 339. 32% and 102. 59%, respectively. (3) The flavor agent could significantly increase total
ingesting time of bamboo leaves by 1. 5-year-old and 2. 5-year-old tested juvenile giant pandas, and the averaged increase
rate was 310.45% and 129.91%, respectively. (4) The flavor agent significantly increased the bamboo branch number in-
gested by 1. 5-year-old, 2.5-year-old and 4. 0-year-old tested juvenile giant pandas, and the averaged increase rate was
186.20%, 80.87% and 103. 12%, respectively. (5) The flavor agent also significantly increased the bamboo leaf intake by
1. 5-year-old, 2.5-year-old and 4.0-year-old tested juvenile giant pandas, and the averaged increase intake rate was
154.21%, 118.02% and 109. 77%, respectively. Therefore, the special flavor agent could strengthen bamboo leaf inges-

tion inductivity by captive juvenile giant pandas and had significant effects on increasing bamboo leaf intake.
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Tab. 1 Basic information of the captive juvenile giant pandas
IR 1] During testing
B W4 PES A H Y LESe N - —_—
No. Name Gender Date of birth Pedigree number AFI B Hig HEA W FE 7 [
Age group  Age(month)  Weaning or not In the same pen or not
1 % Qingbao ? 2021-09-12 1342
17 7 2
2 FAT Qingzai 5 2021-09-12 1341
3 FH#% Qinglu ? 2021-08-06 1330
15 o 2
4 T 4£ Qinghua Q 2021-08-06 1329 1.5% B
5 2% Maomao é 2021-08-04 1328
16 g JE
6 FIL Baoyuan &) 2021-08-04 1327
7 HRIZ Linxi Q 2021-07-27 1322 20 2 HFFMETREMAE
8 %8 Emei ? 2020-09-10 1302 29
2 &
9 HEHE Nongnong ) 2020-08-28 1301 30
10 178 Manman 1 Q 2020-08-27 1299
255 B 27 g JE
11 RIR Shenshen Q 2020-08-27 1298
12 HKIF Chaotianjiao 3 2020-08-03 1292 29
13 il Dundun Q 2020-07-29 1289 29
14 3% Manman 2 5 2018-09-19 1167 45 I /A R
15 %5 Jiabao 3 2018-08-17 1155 51 = i
16 I5H Qiaoyue Q 2018-08-09 1150 46 = Sk A R
4.0 % Bt
17 IR Linglang ? 2018-07-12 1136 52 RS T
18 ®§/IhA Nanxiaoyue ? 2018-07-10 1135 47 b 5 I A
19 #H Haoyue & 2018-06-27 1130 48 = 515 7 R fE
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Tab. 2 Information on a special flavor agent fed to the captive juvenile giant pandas
A IS Feeding test of a special flavor agent
(BRI 74 5 G 5
Feeding site Name Pen No. LR i N TE/d (LS g ) 2
Start and end dates Duration Fed bamboo species Feeding style
20224F 11 1623 H 5 HRAT LR AL & DR
A X J-02
Qinglu & Qinghua .
2022411 H 24—27H 4 BT 20 Rl & DR
&R P D-08 20224 12 4 15—19 1 5 ST SRR & R
Maomao & Baoyuan
FESEE e 202342 f1 20—24 H 5 SWUTTT&ATINT 2802 AR & S
Qingbao & Qingzai
MRZ Linxi b D-08 202343 12731 H 5 ST & AT ol
2022410431 H—11A3H 4 AT o
o 35 Manman 1 U S-02
e WRFUA T4 HIR i
Dujiangyan base
20224E 10131 H—11H3H 4 BEH AT L
UK Shenshen X S-02
20224 11 4—T7H 4 AT Lyl
SR Chaolianjiao e P-01 202341 H3—9H 6 AAR & & WL T LEb
$54 Dundun Wi P-01 20234E 1 3—9H 6 N & & hilir Ll
HJE Emei TS D-03 202342 /T 6—15 A 4 ST & AT L
HEHE Nongnong B D-03 20234F2 H 14—17H 3 Sl & AT ol
Hi s MR 1 £ 6 101411 Vit 00 L DR
EMEMH R Manman 2 & Nanxiaoyue ML Lol 2022 10—14 3 / ZH R &% 1
Wolongshenshuping
ik
base P &R SRR LB 102 202246 A 10—14 5 ;L) ZH2 AR & DB
Qiaoyue & Haoyue
% Jiabao X J-04 20224F 11/ 24—27H 4 BEAAT L
BT
Dujiangyan base
Y Linglang KX J-01 2022411 /1 25—27H 3 FEAY R

1.5
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Tab. 3 Olfactory evaluation results of Chimonobambusa utilis bamboo leaves in the control and test groups

o ST
Febrden TP Y fir AP Mean of evaluation scores
Indice Evaluati '1, . Number of effective P
ndicator type valuative dimension evaluation St IR 2H, R
Control Test
SR Intensity 4 7.25 9.25 0.0163
i /:u 1= ‘\
%12!:1‘*?51,% . TG Pleasantness 4 8.00 8.75 0.0577
Overall odor indicator
% J PE Diffusibility 4 7.25 8. 50 0.0154
37 Milky aroma 4 0 8.75 0. 000 4
& Green aroma 4 8.75 6. 50 0.037 4
N .
R HHS Sweet smell 4 3.25 6.25 0.005 2
Main scent indicator
AT Woody aroma 4 2.75 3.25 0.1817
WIS Oily smell 4 0.75 4.25 0.0273
Bt )i Freshness 4 8.25 5.25 0. 005 2
S b E Ty v §
HEE i HEI*/T 2718 Juiciness 4 1.50 2.75 0.079 6
Main note indicator
R Tenderness 4 3.75 2.50 0.0154

2.1.2 v REMBIFLR

Foll N G 4 1L 5 A e I 4 RELRG: R T
JEEH X BEZH A i LA I 8 A 7 I R RN A UK, 7k
e, T 5 I A A i ELA B MR OR R,
B TR RI VR R XA T 55 , Wy 1 A ok
2.2 OBt

3 36 XU 75 4 R 6 o A P 7R K REA E

Fh 3 5 i ST B £ 0o IR 2 e 4 A ik ) B WL
S50 T I AR MR AR IN , AR IR 4. JE XS
7R 1. 5% Br(15~20 H %) Bl 3R KRR A AT 22 4 Fif
Prit g 3ETt 73 YR I WA , R LA e R B A
JRUAR T 1 2H A ik B B 56 UK, T fie S B R R
T XA 751 BT SR LA I A R 17 W, fe e it ik
56 2 AT I A U R L A S B B X R AT I A IR B
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Tab. 4 Results of the first ingesting of bamboo leaves by captive juvenile giant pandas in the control and test groups
MR AL DOPEEINT O A T i T
Control group at closer place Control group at farther place  Test group at closer place  Test group at farther place
R i FRARWRRE ROHER COREER REEE RkEe
Age group Name Fed bamboo species  Test times BUH Fit ingestion BB i ingestion BIE Fi ingestion BEE Fist ingestion
Total ————————— Total Total Total
fimes KB (%) pimes UL HIE(%) gimes  UHL HI(%)  pmes WAL (%)
Times  Ratio Times  Ratio Times  Ratio Times  Ratio
HRAT 10 3 I K 00 7 710000 3 2 66.67
% Qinglu
BEEAT 8 4 0 0 4 1 25.00 4 3 75.00 4 4 100.00
HRAT 8 3 3010000 S 00 5 5100.00 3 0 0
1t Qinghua
BEREAT 5 2 0 0 3 0 0 3 3 100.00 2 2 100.00
" F% Maomao 9 5 2 40. 00 4 0 0 4 4 100.00 5 3 60. 00
LSHE .
‘ ) ALY
About 1. 5-year-old .,
“£JC Baoyuan 1 3 1 33.33 4 1 25.00 4 3 75.00 3 2 66. 67
#E Qingbao 8 3 2 66. 67 5 0 0 5 5 100.00 3 1 33.33
H1f Qingzai ST & AR 8 4 2 50.00 4 0 0 4 410000 4 25000
HOZ Link 10 5 3 60. 00 5 1 20. 00 5 4 80. 00 5 2 40.00
MBS Stage statistics 73 32 14 43.75 41 3 732 41 38 9.68 32 18 56.25
BEEAT 4 2 1 50. 00 2 0 0 2 2 100.00 2 1 50.00
118 Manman 1
el 4 2 2100000 2 0 0 2 210000 2 0 0
i) 4 2 1 50.00 2 0 0 2 2 100.00 2 1 50. 00
&R Shenshen
TRAT 4 2 2100000 2 0 0 2 210000 2 00
255k «
Al %515 d HKEF Chaotianjiao 5 1 1 100. 00 4 0 0 4 4 100.00 1 0 0
hout 2. 5-year-o
! MR & &Lt
{705 Dundun 6 3 3010000 3 333 2 66.67 3 00
fE Emei 7 3 2 66. 67 4 1 25.00 4 3 75.00 3 1 33.33
ST & AT
HeH# Nongnong 5 2 2 100.00 3 1 33.33 3 2 6667 2 0 0
MBI Stage statistics 39 17 14 82.35 22 30 1364 22 19 86.36 17 3 17.65
i Manman 2 10 5 5 100.00 5 0 0 5 5 100.00 5 0 0
/M Nanxiaoyue 10 5 510000 5 12000 5 4 8000 5 0 0
NATr
51 Qiaoyue 9 5 2 40. 00 4 0 0 4 4 100.00 5 3 60. 00
405k .
vet i H Haoyue 10 5 5 100. 00 5 2 40.00 5 3 60. 00 5 0 0
About 4. 0-year-old
R E Jiabao 8 4 2 50.00 4 0 0 4 4 100.00 4 2 50.00
BE T
A Linglang 5 5 0 0 5 5 100.00
MBS Stage statistics 52 24 19 79.17 28 3 10.71 28 25 80.29 24 5 20.83
L%
&gt 164 73 47 64.38 91 9 9.89 91 82 9.11 73 26 35.62

Total statistics
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WX 6 H 2.5 % B (27~30 H i) BB 7= KRB
VSR B £ 4 Bl AT I ) 3t 39 Yk B B 35 0L
82, RIS B B i AL AT i B R BT 22 WKk T R
SeBEET AT A URBOT 17 R, B g A
P I B YR B H i 21 5 £ 6 B A AT i iR U B 5 IR
FE 39 YA B H , T Ak 7 ) R 5 AL A e 3 17
W= 3 YRR e E 75 SR 1y & L
17. 65% ; i T T b ™ il %k BE 2 A 34t 22 vk, 1
LAY 3R AR e B R BREUT R e R
13. 64%. SR A X F & b s X0 R4 H 28
FC T ¢ 4G 56 5, e B 20 ] 11 25 S A8 (2 3 (>0. 05)
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Tab. 5 The maximum of continuous ingesting time, total ingesting time of bamboo leaves ingested by captive juvenile giant pandas in the control and test groups

TR SR ] TR IR
Averaged maximum continuous ingesting time Averaged total ingesting time
IE B T4 L Supi HERE ‘
Age group Name Fed bamboo species  Testtmes XM/ WBA/  HMBKSs NEhERGe)  xiR4 KB4 RS SEER%)
(s k™) (s Increase Increase (s (s Increase Increase
Control Test value rate Control Test value rate
%% Qinglu AT 7 177294 1235.29B  1058.00 506.76  188.57A  1511.14B  1322.57 701. 37
T8 Qinglu AT 7 181.00A  1127.29B  946.29 522.81  247.43A  131L.71B 1064.28  430.13
F1E Qinghua HRAT 5 172. 00a 879.00b 707. 00 411,05 186.00a  1175.80b  989.80 53015
F1E Qinghua AT 5 150. 40 536. 80 386. 40 256.91  226.80 812.80 586. 00 258.38
LSYE %% Maomao Bzl 8 67.38A  1169.50B 110212 163568  103.25A 1575.13B  1471.88  1425.55
. X
About 1. 5-year-old . . N
7L Baoyuan B yxi) 7 127,714 1112008 984.29 770.72 214290 1406.29B  1192.00  556.26
¥ Qingbao ST & AT 8 236.00A  613.75B 37175 160.06  427.25A  1034.388  607.13 142.10
FF Qingzai ST & AT 8 320. 00a 503.50b  273.50 85.47 533134 1067.75B  534.62 100. 28
MOE Linxi ST & AT 10 331. 60A 809. 00B 477.40 143.97  444.90A  1137.60B 69270 155.70
WY BEZEH Slage statistics 65 204884 900.08B  695.20 339.32 301144 1236.02B  934.88 310.45
{18 Manman | AT 4 341.75 425.25 83.50 24,43 450.25 677.50 271.25 50.47
T Shenshen AT 4 301.25 622.50 321.25 106.64  391.50a  1052.50b  661.00 168. 84
HRTF Chaotianjiao — /NAAT & & MhILIAT 5 360. 60 949.20 588.60 163.23  434.80a  1307.80b  873.00 200.78
2555 . .
18 Dundun N & 4Rl A7 6 312.33A 540. 17B 207.84 7295 509.00A  1036.50B  527.50 103. 63
About 2. 5-year-old
#JH Emei ST & AT 7 279. 14A 615.14B 336.00 120.37  434.57A  1105.86B  671.29 154.47
HH Nongnong Sl & AR 5 313.20a 661. 40b 348.20 11117 546.80A  1124.20B  577.40 105. 60
B BEGEH Stage statistics 31 315. 13A 638.42B  323.29 102.59  463.58A  1065.81B  602.23 129.91
g
Legit 9% 240. 48A 815588 575.10 23915 353.59A  1181.05B  827.46 234,02

Total statistics

T B =120 2 A =X BRI 5 385 0 38 =30 20 15 i i /% BRZEL I x 100% o [R)47 [) —F AR B 5 AN 1) R 5 S B3R 2 ) 22 5
B (p<0. 01) , ANRVNG PR R LN 22 57 .35 (p<0. 05) JSEREA i 86 . T IR

Note: Increase value=the time of test group — the time of control group. Increase rate=the increase value of test group/the time of control groupx

100%. After the same indicator data at the same line, different uppercase letters indicate extremely significant differences between groups (p<0.01) ,

and different lowercase letters indicate significant differences between groups (p<0. 05), it is independent sample ¢-test. The same below.
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Tab. 6 The total bamboo branches ingested by captive juvenile giant pandas in the control and test groups

PR AR (B A0

= A, T ER(%)
N 4, TR R e Mean of ingested bamboo branches (K- 1ok Averaged
Age group Name Fed bamboo specie  Test times Averaged increase intake
YT HE4H Control JRIGAH Test increase intakes rate
5% & 4L Qinglu & Qinghua  JIEAY 10 5.65A 42.80B 37.15 657.52
HH&HE Qinglu & Qinghua  FEFRAT 8 8.31A 42.38B 34.07 409. 99
1S HE ¥ & FIC Maomao & Baoyuan &l 17 10 13. 30A 72.20B 58.90 442. 86
About 1. S-year-old s e ¢ 47 Oinghao & Qingzai 2B & AAAT 9 69. 06A 115.33B 46,27 67.00
HIZ Linx WL & AN 7 46.29A 130.29B 84.00 181.46
FrEe4tit Stage statistics 44 27.31A 78. 16B 50. 85 186. 20
{278 Manman 1 BT 4 27.25a 62.75b 35.50 130. 28
TR Shenshen BEWAT 4 48. 00a 91.75h 43.75 91.15
1278 Manman 1 il RAT 4 65. 25A 141.00B 75.75 116. 09
TR Shenshen TRAT 4 74. 50a 131.50b 57.00 76.51
2.5 B « S PN
HRIF Chaotianjiao INAAT & Gl T 5 68. 00a 147. 80b 79. 80 117.35
About 2. 5-year-old
1 Dundun JNAAT & 210517 6 106. 50a 150. 67b 44.17 41.47
1%JE Emei ST & AT 7 54.57A 112.57B 58.00 106. 29
H#4# Nongnong LA & AN 5 93. 20A 144.20B 51.00 54.72
BrE4e it Stage statistics 39 68. 90A 124. 62B 55.72 80. 87
%% Jiabao BEH AT 8 68. 50a 110. 88h 42.38 61.87
4.0 % B _—
5B IR Linglang PETAT 5 25. 60A 97.20B 71. 60 279. 69
About 4. O-year-old
M BESE i Stage statistics 13 52.00A 105. 62B 53.62 103. 12
N |1Tl|V Y
ILE5Es 9 47.55A 100. 75B 53.20 111.88

Total statistics
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