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Abstract; To further rationally develop and utilize Tilia Linn. plant resources, differences in total
polysaccharide, total polyphenol, and total flavonoid contents in each organ of different species
(cultivars) during full-bloom stage were compared, and changes in these contents in each organ of 7.
miqueliana Maxim. at different harvesting times were analyzed. The results show that species ( cultivars) ,
organs, and their interactions of Tilia plants all have extremely significant effects ( P<0.01) on the
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contents of the three metabolites. The total polysaccharide, total polyphenol, and total flavonoid contents
are 5.50 -26.43, 3.65-28.58, and 1.13-16.03 mg - g ', respectively, and the corresponding
coefficients of variation are 28.32%-33.07% , 49.37%~-54.08% , and 51.99%-56.37% , respectively. In

most species ( cultivars ), the total polysaccharide contents are higher in flowers than in leaves and

bracts, while in all species (cultivars) , the total flavonoid contents are significantly ( P<0.05) higher in

leaves and bracts than in flowers. Taking flowers as the sampling part, T. miqueliana flowers have the

highest total polysaccharide content, while T. amurensis Rupr. flowers have the highest total polyphenol

and total flavonoid contents; taking leaves and bracts as sampling parts, leaves and bracts of ‘ Grey’
exhibit the highest contents of total polysaccharides, total polyphenols, and total flavonoids. With the
delay of harvesting time, total polysaccharide content shows opposite variation trends in leaves and
bracts, while the changes of total polyphenol and total flavonoid contents are basically the same in leaves
and bracts. Total polysaccharide and total polyphenol contents in leaves both peak at 110 d after full-
bloom stage, while those in bracts both peak at 60 d after full-bloom stage, and total flavonoid contents in
leaves and bracts peak at 60 d after full-bloom stage. The principal component analysis and cluster results
show that total polysaccharide, total polyphenol, and total flavonoid contents can be used as key indexes
for distinguishing overall differences among different organ samples; flower samples tend to accumulate
polysaccharides, whereas some leaf and bract samples tend to accumulate polyphenols and flavonoids. The
comprehensive research result suggests that the development of functional components from Tilia plants

should adopt a “organ, species (cultivar) , and time-specific” strategy. T. miqueliana flowers are optimal

for polysaccharide extraction; leaves and bracts of ¢ Grey’ are optimal for polyphenol and flavonoid

extraction; for T. miqueliana resource utilization, it is recommended to harvest bracts at 60 d after full-

bloom stage for polyphenol and flavonoid extraction, while leaf harvesting for polyphenol extraction can be

delayed to 110 d after full-bloom stage.

Key words: Tilia plants; metabolite content; full-bloom stage; harvesting time
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Table 1 Two-way variance analysis of total polysaccharide, total
polyphenol, and total flavonoid contents in Tilia Linn. plants'
A5 5 SRR FAH F value
Source of df
variation Wrpy Wrpy Wy
A 10 951.267 #+ 3 145.998 #x 1 071.248 ==
B 2 7 542.436 s 52.349 #x 6 207.440 *x
AxB 20 7 542.437 #% 1 376.279 #* 412.803 #*

DA, B (i Fl) Species (cultivar) ; B: #%E Organ. df: [ HJE Degree
of freedom. wqyp, : LB B Total polysaccharide content; wqp, : ps
Z ) & Total polyphenol content; wqp : & FEH % & Total flavonoid
content. #* . P<0.01.
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Table 2 Comparison of total polysaccharide, total polyphenol, and total flavonoid contents in each organ of different species ( cultivars) of Tilia

Linn. plants and the coefficients of variation (X+SD)!

Fir (i) 2) BEREEH/ (mg - g71) BB/ (mg - g7!) R A (mg - g )
Species Total polysaccharide content Total polyphenol content Total flavonoid content

(cultivar) 2 4t Flower I Leaf 1A Bract #£ Flower I} Leaf 1 Bract #£ Flower I Leaf 1 Bract
S1 19.35+0.15aC  12.27+0.25bC  9.35+0.27¢D 4.64+0.21cH  10.41+0.33aD  6.68+0.31bG 1.13+0.07¢F 2.95+0.41al 1.73+0.18bG
S2 21.69+0.36aB  14.36+0.21bB  11.37+0.26¢C 12.19+£0.30bE  19.35+0.07aB  9.65+0.35¢F 1.74+0.15¢E 11.36+0.42aC  5.26+0.27bEF
S3 11.51+0.39aG ~ 8.16+0.18bF  8.27+0.24bE 4.78+0.16bH  3.65+0.08¢G  6.78+0.22aG ~ 2.15+0.05cCD  2.78+0.04bl  4.72+0.16aF
sS4 17.79+0.21aD  8.63+0.22cE  12.39+0.31bB  19.37+0.23bB  10.72+0.48¢cD  26.62+0.35aA 1.91+0.09bDE  10.05+0.12aD  10.55+0.43aC
S5 15.21+£0.18bE  17.02+0.10aA  15.53+0.31bA 9.31+0.18¢G  28.58+0.36aA  26.86+0.09bA 1.16+0.08cF 16.03+£0.19aA  13.35+0.34bA
36 8.45+0.32aH  8.38+0.21aEF  8.44+0.13aE 12.52+0.31aE  9.73+0.19bE ~ 7.28+0.29¢G ~ 2.00+0.02cCDE  4.69+0.37bH  5.46+0.13aE
S7 19.49+0.33aC 6.54+0.15bH  5.50+0.34¢G 15.74+0.09aD  7.00+0.04cF  9.49+0.21bF 2.91+0.06¢B 5.52+0.28aG  4.79+0.10bF
S8 12.54+£0.41aF  8.65+0.28bE  9.36+0.41bD  25.71+£0.30aA  9.24+0.18¢cE  17.68+0.31bD  5.43+0.32cA 6.99+0.18bF  9.53+0.24aD
39 18.11+0.10aD  7.45+0.19bG  6.64+0.32¢cF 18.24+0.21aC  13.32+0.28bC  10.41+0.31cE 2.21£0.16¢C 8.97+0.26aE  5.58+0.36bE
S10 12.14+0.14aF  7.54+0.38¢G  10.83+0.11bC 10.46+0.40bF  19.00+0.11aB  19.63+0.46aB 2.25+0.09¢C 14.51£0.32aB  11.51+0.38bB
S11 26.43+0.29aA  10.10£0.05bD  9.52+0.18cD 9.39+0.24¢G  10.62+0.17bD  18.33+0.35aC 1.17+0.06cF 9.17+0.13aE  2.27+0.20bG

¥ Mean  16.61+0.09a 9.92+0.09b 9.74£0.12b 12.94+0.07b 12.88+0.07b 14.49+0.02a 2.19+0.03¢ 8.46+0.12a 6.80+0.13b
CV/% 31.46 33.07 28.32 49.37 54.08 52.97 55.20 51.99 56.37

D @47 R B ING TR FOR [ — 8 bR AE AR R 2% B 18] 25 5 5.3 ( P<0.05) Different lowercases in the same row indicate the significant differences (P<
0.05) between different organs of the same index; [RIZ] AN R K5 FAE 7R Al — 8 BRAEA R B (f ) 18125 5% .3 (P<0.05) Different uppercases

in the same column indicate the significant differences ( P<0.05) between different species (cultivars) of the same index.
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Table 3 Comparison of total polysaccharide, total polyphenol, and total flavonoid contents in each organ of Tilia miqueliana Maxim. at different

harvesting times (X+SD)"

ML/ (mg - g7!)

R E R/ (mg - g71)

T2 BEBEEIL (mg - 57

Harvesting Total polysaccharide content Total polyphenol content Total flavonoid content
time?) 1€ Flower - Leaf 1 Bract {£ Flower M- Leaf 17 Bract A€ Flower - Leaf 45 F Bract
T1 26.43+0.29a  10.10£0.05bC  9.52+0.18¢cC 9.39£0.24¢ 10.62£0.17bC  18.33£0.35aB 1.17£0.06¢c  9.17£0.13aAB  2.27+0.20bD
T2 — 10.14+0.24aC  8.09+0.11bD — 10.56+0.30aC ~ 7.49+0.42bD — 6.89+0.20aD 2.55+0.23bD
T3 — 8.21+0.16bD  14.29+0.16aA — 13.22+0.18bB  24.16+0.13aA — 9.55+0.43bA  16.67+0.36aA
T4 — 11.29+0.39bB  12.89+0.05aB — 10.35+0.30aC ~ 7.52+0.08bD — 7.79+0.29aC 4.18+0.11bC
T5 — 13.44+0.23aA  8.31+0.38bD — 15.55+0.39bA  17.10+0.08aC — 8.59+0.33aB 5.16+0.16bB

D 7 RN /NG FRE R R — 8 AR 7E A [ 28 B 1) 7% 5% % (P<0.05) Different lowercases in the same row indicate the significant differences ( P<
0.05) between different organs of the same index; [F]51) H AN ) K5 20 7R ] — 8 b Ae A [a) SR S ist ][] 22 53 1 2 ( P<0.05) Different uppercases in
the same column indicate the significant differences ( P<0.05) between different harvesting times of the same index. —: A KA¥ Not sampled.

71 ,T2,T3,T4,T5. Ay R AR B SRR I I 20 .60 .90 F1 110 d Full-bloom stage and 20, 60, 90, and 110 d after full-bloom stage, respectively.
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Fig. 1 Principal component analysis (PCA) of total polysaccharide,
total polyphenol, and total flavonoid contents in different organs of
Tilia Linn. plants
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Total polysaccharide content Total polyphenol content

IS 2

JK(#LF) Grey (bract)

JK(M) Grey (leaf)

LAB(AE) T amurensis (flower)
PALEAT 57 (£1 A7) Orebro (bract)

SR (M) T mongolica (leaf)
SEM(EL R T mongolica (bract)
MBI F) T amurensis (bract)
HTAR() Shamrock (leaf)

LK (W) T mandschurica (leaf)

FA AR (M) T miqueliana (1eaf)
YA 55 () Orebro (leaf)

LM (#1 /) T. mandschurica (bract)
WrREpR(E ) Sterling (bract)
M) T amurensis (eaf)

I L= () Sentry (leaf)

WA () Sterling (leaf)

W4 Y58 F) Sentry (bract)

2545 (L A7) Greenspire (bract)

LRI (M) Greenspire (leaf)
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Fig. 2 Cluster heatmap of total polysaccharide, total polyphenol, and total flavonoid contents in each organ of different
species ( cultivars) of Tilia Linn. plants
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