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Abstract

The depletion of ozone in the atmosphere has resulted in an increase in UV-B
irradiation. A high UV-B dosage provokes damage to organism. Plants may attenuate
the impact of UV-B irradiation through the accumulation of different types of
phenolics produced. Most of these compounds are flavonoid, which can act as an
effective UV-B screen. Moreover, some flavonoids may also eliminate free radicals
which caused by UV-B radiation. This mechanism will make leaves to synthesis more
active compounds, which can be used potentially. Cinnamomum osmophloeum is one
of the indigenous trees in Taiwan. This tree contains aboundant kaempferol glycoside
compounds in its leaves. These compounds were proved to have antioxidant activity and
hypoglycemic effect. This study would irradiate C. osmophloeum leaves with UV-B in
various conditions to test the variations of activity compound contents in the leaves.

First, we irradiate leaves with 4 h UV-B by different irradiation distances, and
the changing ratio of the total flavonoid contents increase to the maximum 1.21 fold
when irradiated at 30 cm (UV-B energy: 4.20 W m2). We decided to use 30 cm as the
irradiation distance for all other tests. Besides, we change 4 h UV-B irradiation to
different order of different light irradiation. Only the test group of 2 h blue light + 2 h
UV-B showed increased total flavonoid content ratio to 1.18 fold which is similar to
the result when trees irradiated with UV-B for 4 h.

Furthermore, in order to know the maximum changing ratios of the active
compounds per day, we treat C. osmophloeum leaves with 2, 4, 6 and 8 h irradiation.
The changing ratios of the total flavonoid contents were better when irradiating with 4
or 8 h UV-B per day, with the best result when irradiating UV-B for 4 h. Furthermore,
in investigating the changing ratio from the UV-B irradiation of the 5 major flavonoid
compound, kaempferol-3-O-B-D-glucopyranosyl-(1—4)-a-L-rhamnopyranosyl
-7-O-a-L-rhamnopyranoside (F1), kaempferol-3-O-B-D-apiofuranosyl-(1—2)-a-L
-arabinofuranosyl-7-O-a-L-rhamnopyranoside (F2), kaempferitrin (F3),
kaempferol-3-O-a-L-rhamnopyranosyl-(1—2)-a-L-arabinofuranosyl-7-O-a-L
-thamnopyranoside (F4) and kaempferol-3-O-a-L-rhamnopyranoside (F5) in the
water soluble fraction of C. osmophloeum leaves, the results showed that there were
no significant differences between the changing ratios of compound FI1-F5 from the
irradiation with different hours of UV-B. As the result, we decided to treat leaves with

4 h UV-B irradiation as the continuous irradiation condition.
A/
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When the trees continuously irradiated UV-B for 4 h per day and lasted for 2, 4
and 8 d, the changing ratios of total flavonoid contents would significantly increase to
1.39 fold after irradiated UV-B for 4 d. But the result for irradiation for 4 d has no
difference to that of irradiation UV-B for 8 d. The changing ratio of the total phenolic
contents is significantly increased to 1.20 fold when irradiating UV-B for 4 d. Besides,
when the tree irradiatind UV-B for 8 d, the changing ratio of total phenolic contents
has significant increased to 1.37 fold. The 5 compounds, F1-F5, in the water fraction
showed similar changing ratios to that of the total flavonoid contents. The changing
ratios of compound F1, F2 and F3 would increase to 1.42 fold after irradiated UV-B
for 4 d, but the result for irradiation for 4 d has no difference to that of 8 d.

As the result, we have concluded that to increase total flavonoid contents, total
phenolic contents and the flavonol glycoside form water fraction, the most effective
condition is to irradiate trees with UV-B at a 30 cm diatance for 4 h per day and last
for 4 d. The total flavonoid contents would increase to 1.39 fold, the total phenolic
contents would increase to 1.20 fold, the compound F1, F2 and F3 would increase to

1.42 fold when irradiating with this condition.

[Key words) Cinnamomum osmophloeum, flavonoid, kaempferol glycosides,

phenolic compound, UV-B
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Figure 1. The flavonoids in leaves of C. osmophloeum..................ccccccvveiiireriiseesannnn, 4
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Figure 2. Physiological roles of UVR8-mediated UV-B signaling............c..ccccuvennee. 6
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Figure 3. Sensitivity of wild-type and UV-sensitive mutant Arabidopisis to UV-B
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Figure 4. Absorption spectra of extracts from UV-irradiated (+UV) and
non-UV-irradiated (-UV) Arabidopsis from either the (A)wild type and (B)
UV-SENSItIVE MULANT. ....eeiitiiiiiiiie ittt ettt ettt st e e e 8
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Figure 5. A proposed diagram for protective function of flavonoids during growth and
light stress. (A) Scheme of the H>O»-scavenging mechanism by flavonoids.
(B) The diffusive nature of H>O> enables vPX to scavenge it in vacuoles.
(C) The photoproduced H>O> may leak out from mesophyll cells and be
scavenged in epidermal cells that have a high flavonoid
(0] 111S) 1L A OO PP P O PPROTUP PP 9
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¥ (Total phenolic contents, TPC ) % it
Figure 6. (a) Total flavonoid contents (TFC) (b) Total phenolic contents (TPC) in the

leaves of Vigna mungo and Vigna acontifolia seedlings exposed to enhanced

UV-B radiation
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Figure 7. Total phenolic contents (TPC) of leaves of two highbush blueberry

genotypes exposed for 72 h to different UV-B biological effective doses

(UV-B 0.07 Wm2;0.12 Wm?2 and 0.19 Wm™)......ccocoemeeeeeeeeeeen.
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Figure 8. Total flavonoid content in bell pepper leaves exposed to low temperature

and UV-B radiation expressed as mg of quercetin per 100g of fresh
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Figure 9. Concentrations of luteolin-7-O-glucoside (L-7-G) and apigenin-7-O

-glucoside (A-7-G) in bell pepper leaves exposed to low temperature and

UV-B radiation
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pERN
Figure 10. Temporal flavonol glycoside changes in UV (open circles) and non-UV

treated (closed circles) Arabidopsis thaliana.....................ccceeeueeeueennnnne.
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Figure 11. Changing ratios of total flavonoid contents (TFC) of C. osmophloeum
X
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leaves from irradiation with different hours of UV-B
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Figure12. Changing ratios of total phenolic contents (TPC) of C. osmophloeum leaves
from irradiation with different hours of UV-B........ccccccoviiiiiiiiiiiiee. 35
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Figure 13. HPLC chromatogram of water fraction of C. osmophloeum leaves

37

extraction
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Figure 14. Structure of compound F1-F5 from the water fraction of C. osmophloeum
38

leaves extracts
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Figure 15. Changing ratios of the water fraction compounds from irradiation with
39

different hours of UV-B
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Figure 16. Changing ratios of total flavonoid contents (TFC) of C. osmophloeum
41

leaves from irradiattion with different days of UV-B
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Figure 17. Changing ratios of total phenolic contents (TPC) of C. osmophloeum
42

leaves from irradiation with different days of UV-B
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Figure 18. Changing ratios of the water fraction compounds from irradiation with
44

different days of UV-B
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Table 3. The effect of UV-B radiation on total phenolic contents (TPC) and total
flavonoids contents (TFC) in mung bean Sprouts............ccecveeeeeriienneennen. 14
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Table 6. Change of total flavonoid contents (TFC) of C. osmophloeum leaves from
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Table 7. Change of total phenolic contents (TPC) of C. osmophloeum leaves from
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Table 8. Changes of total flavonoid contents (TFC) of C. osmophloeum from

irradiation with different order of lights..........ccceeviiiiiiieniiie e 31

292 FEBRERHIEEES? BFME &4 7 £ (Total phenolic contents,
TPC) # 5

Table 9. Changes of total phenolic contents (TPC) of C. osmophloeum leaves from
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Figure 1. The flavonoids in leaves of C. osmophloeum.
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v R es 4t i UV-B BB &+ i & (Acclimation) » g > mPe £ 3k p UV-B
#4F % (Lee, 2016) «

UV RESISTANCE LOCUS 8 (UVRS8) #_ 3 ia% (Arabidopsis thaliana) ¥t
UV-B 2 kg % % » #c UV-B (& € Frf1ed T iadh (Hypocotyl) 2 & ~ R fi %
e g it &4 2 et 2 A F14& B (Yin and Ulm, 2017) - VT‘ OGP (S <%
H 4 A d UVRS #ris v el Fle ¥ 2 §Te4 48 4+ 22 UV-B T Acclimation >

AL B2 2 £ 134 DNA 2 Rl *i‘«sﬁj‘é’ui’ 7] % i (Brown
et al., 2005 ; Heijde and Ulm, 2012 ; Morales et al., 2013 ) o #* #t » B &+ UV-B {413
& UVRS & it (64 galdetid ol 2701 chec i (B 2) bl4eB Fis 4
pF45 (Feher et al., 2011 ) ~ 4% 1+ ( Phototropism ) ( Vandenbussche et al., 2014 ) ~
# *#5 (Wargent et al.,, 2009) ~ % 3¢ (Stomatal) B B (Tossietal.,2014) % 4

£ P B A B0 R 2 & R (Shade avoidance responses )( Hayes ef al., 2014 ) & o
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-w- +UV-B % % ?
. Seedling de-etiolation
UV-B acclimation

and tolerance
Stomatal closure

UVRS pathway
}
Gene expression
Circadian entrainment
Leaf development
eg  4FR ] tc
WL ;,, Hiv-a -T; +UV-B
-« | 9r l UV-B e | e»
S S S 1 "2 S S
| prots
Inhibition of shade e Inhibition of

avoidance responses thermomorphogenesis
Phototropism

N

B 2~UVR8 # & UV-B 52 4 ®i¥* (Yinand Ulm, 2017) -
Figure 2. Physiological roles of UVR8-mediated UV-B signaling.

222UV-B oot fem f PN BT £ o2 iE

Lois 2 Buchanan (1994) & fatafrd A pF > FRHE ¥ 5 # UV KR
(UV-sensitive)) 2z R ¥tk » wR-H B WA iR it e S5 8T 0 3 Ak
FAlz iy b4 Z UVBRE2Z B TAEPFT 2L 3 LR 10d0.15W

com WA APl 2 4 KR p i

bl

2. UV-B mJdZts » REBREZEL ¥ 2
FHEHREDLEZ A (B 3)e ot L - HFas FAFAFE O H
UV-B otz F Jis » Flpt A wl#-2 £ 12d2 A FF|2 P& mh RE UV-B 24 h
BOBTEY UL EEFEER ERC B ko B %A e

PRz Btk FH AR 24hUV-B 52 2u (+UV) ¢ (Bl4A) ¢ fdd 14
6
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2 BfT kAT 260-350 nm 2o A IR A g v m S UV-B (-UV) 2 w55 ¥ 3

Srxofe s Ra o R UV-B &2 B IR R007 R ¥tk ¢ R e o R R R
B 260-350 nm A EZ R A < (B 4B) - L i&- #H ik k4p A 1 (Thin-layer
chromatography ) ~ UV £ 3 2 NMR (Nuclear magnetic resonance ) £ 3 4 17 7% 4
Aoz e @i o FRRHUV-BE(FUV)E RS BEEmEgE &4

W E_260-350 nm A G KB F PR F] 0 om RERY BlESIR G o P B EE
THIRY R ERAE T T A A AP ah & UV-B BB&T Acclimation 7

M4t -

WILD TYPE MUTANT

CONTROL

+UV-B

WILD TYPE MUTANT

B3-WAAPal 2 UV R 2 29K UV-B Bét2 g 21 (Lois and
Buchanan, 1994 ) -
Figure 3. Sensitivity of wild-type and UV-sensitive mutant Arabidopisis to UV-B
radiation exposure. Control: no UV-B; +UV-B: 0.15 W m? UV-B for 12 d.
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A WILD TYPE B o MUTANT
w 1.5 4 W 1.5
% ¢
2 1.0 g 1.0 - a
g 2 o
< 05 < 0.5
1 I L 1 1 ) T ¥
300 400 500 500 300 400 500 600
WAVELENGTH (nm) WAVELENGTH (nm)

Bl4-~02Afior (A) 248 UV REK (B) # %4 » UV (+UV) &
B8 % 4o~ UV (-UV) B ESE S H I 4 2 w3 je k3 (Lois and Buchanan,
1994 ) -

Figure 4. Absorption spectra of extracts from UV-irradiated (+UV) and
non-UV-irradiated (-UV) Arabidopsis from either the wild type (A) and
UV-sensitive mutant (B). Each extract was prepared from an equal
amount of tissue from the aerial parts of at least six plants in 80%
ethanol (1 mL 80% ethanol/10 mg tissue).

BRI Lo SR R B4 5 BT AR UVB 4 BF

# = > b)4r p-Coumaric acid (& * =tk £ 5 312 nm) ~ trans-Cinnamic acid ( &

.

gk £ 5 308 nm) % Phenylalanine (B < % jTid & 5 280nm) £ % > &
BRI Sz Aok B e UV-B B e b s iasgit 840 B 243
e #g it & 4270 B%d > @ £ UV-B B4t ¢ 1k Phenyl propanoid pathway ¥ PAL
( Phenylalanine ammonium lyase) % CHS (Chalcone synthase) &f% % > @ & &
¢ R s F AR &4 7 £H 4 (Rozemaetal., 2002 ; Agatietal.,2012) -

d BTk s FHRAN ST TS UV-BenB g b fmie #r & 3
ZAFG o WA EF T UV-B B w2 2 pd A wd
HoO, % § 1R 4 i3 & DNA B A fe 44 382 % tgi 5k £ €7 2 »c%(Rozema et
al,2002) B SA BT 5§ AT 1 & 4 i oh HaO i % enf 4R 4 s 500 g1 9
FEREEiC & ﬁf;'%ﬁr} 7kie 2 i % v pF (Vacuolar peroxidase, vPX ) ¥ # HxO, B R &
HO> § it #% 3 pd e prag it &4 (Flavonoid radical, F - ) B ¥ it B & =

8
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“H® (Tannin) ™ &4 » & & Fuke f& (Ascorbic acid » AsA) * B R =
¥ Bk %1 &4 (Yamasaki et al., 1997) ° “’f pe2 otk e b gy 0 A e P R
SR AR > Tyt 230 % e % (Tonoplast membrances) P i F I EF 020G vken
F"f’f! wre A4z HyOr (B SB)em imie B imie P2 2 3 8% ¢ o 4ok §
goine F1 L UV-B £ k@RS 34 H)O0p0 B F %%E‘ FAciv* @ DO 1 4 4

e ¢ ,;ﬁfg T A L e d iuf (B 5C)-

Hz02 F AsA
I =
H20 F* DHA

polymer

Epidermal Cells

Mesophyli Cells

WS- FaTt e bad B2 kBRS TREEY 27 LW (A) FHAT &4
7 ,f HOo #8412 AW - (B) e 23 L fsv ja*‘ i P ARFIcz H02

(C) §F S BFMUT EF i dine v FhER e d d KE5IA2

H>0, ( Yamasaki et al., 1997 ) -

Figure 5. A proposed diagram for protective function of flavonoids during growth and
light stress. (A) Scheme of the H>O»-scavenging mechanism by flavonoids.
(B) The diffusive nature of H,O> enables vPX to scavenge it in vacuoles. (C)

The photoproduced H>O> may leak out from mesophyll cells and be
scavenged in epidermal cells that have a high flavonoid content. vPX,

vacuolar peroxidase; F, flavonoid; F -, flavonoid radical; AsA, ascorbic acid;

DHA, dehydroascorbic acid; Av, light energy; cDHAR, cytosolic

dehydroascorbic acid reductase.
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23UV-B BSH{E# P Et E5 T E2BE

LR NS LI AR g o A 3 B LI R A lﬁ" ¥EGF EPOF LS
fpetip T bR B0 e X 3 UV-B R &+2 i £ (Wilson et al., 1998 ) o ¢+ #F >
BRBR AT 5 fUVB}%ﬁ/T,‘*““ wmie N A 4 2 pd A (Yamasaki et al.,
1997) » FlptfE ko UV-Bie > % € & = { 5 £ 2 7F11 £ 45 4 UV-B R &

_:;i' \37”57 I% o

231 H = p 33 i £ 2 UV-B Rét2 B2 58

Dwivedi & % (2014) 4+ 3 7 & 5d «ha fere 2 81k (Vigna mungo
(L.) 2 V. acontifolia (Jacq.)) & (7% o #4273 &gz ® UV-B it £ > “,’f
plz dhH e w]E At A SRR B 2 UV-B (Ambient UV-B» 8.6 kIm2d!) = » £ &
WA 1dpE %S 12424536482 72kIm?2 UV-Bit £ -

B 6&7T > Vmungo £+ 2. 3§ it &4 7 & (Total flavonoid contents,
TFC) ‘g ¥ £+ £ PIUV-B RR&fit £ 4rm + 2 > 2 UVB i £ 5 15.8k] (Amb
+72k)) 2 mw ¥ TFC B 3 5 fr41%2 2 & 5 V acontifolia -+ 2. TFC 7~ 4§ %
EF+LPUVBiw g2 84m 2> A UV-Bic £ 5 11.0kJ] (Amb +24kJ)
pwl? FliEd < B TFC O3 ifpdllez 15 B o a Bpugit- &4 2 £ (Total
phenolic contents, TPC) 2. % it & V. mungo & V. acontifolia = fa{g 4= ¢ 7 5 4p i

4% o TPC ¥ SE F B & UV-B ic £ 482 @ 3 4 > 2 ¢V acontifolia ¥ + 7 TPC

a2 13.60k] (Amb+4.8k)) 2 ew® FliEd L &> W 5 216 & ;
V. mungo £ 3+ 0 TPC |3t it £ 12.2k] (Amb+3.6kJ) 2 PRt E e
10
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O V. mungo a
81 my, acontifolia
b

TFCs (mg g_] dry weight)

d (b)

10 A g e
fg
g eh

TPCs (mg g'l dry weight)

0
Control Amb+1.2 Amb+2 4 Amb+3.6 Amb+4.8 Amb+7.2

Km? Km?2 kim? K m?2 kI m2
(UV-B Exposure)

B 6~ 34 UV-B R &tac & 1 Vigna mungo % V. acontifolia 2 % 5 £ 7 2. (a) .
g it &4 7 £ (Total flavonoid contents, TFC) %2 (b) B p-sgi & 4
¥ (Total phenolic contents, TPC ) % i* (Dwivedi et al., 2014 ) »

Figure 6. (a) Total flavonoid contents (TFC) (b) Total phenolic contents (TPC) in the

leaves of Vigna mungo and V. acontifolia seedlings exposed to enhanced
UV-B radiation. Amb, ambient UV-B, 8.6 k] m™ d"'. Values are mean +
standard error of three independent experiments with the two replicates in
each experiment (n = 6). The bars with different letters denote significance

2
)

‘R
A
%

at p < 0.05 between the species for a given treatment according to the

Duncan's multiple range test.

Inostroza-Blancheteau % 4 (2014) 7 A #1142 - & 42 & (Vaccinium

corymbosum L. cv. Brigitta and Bluegold ) 2 0.07~0.12 2 0.19 W m™ 3 & 2. UV-B
11
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RstH E 2 72h 18 12 B vk 4P & 17 R (High performance liquid chromatography,
HPLC) % %|pl 2 £+ ¢ At (Hydroxycinnamic acid) #* &4 ¢ 2 £& % o
Chlorogenic acid > 2 % fir#f i* &4 ¢ 7 £ 5B e9j ° (Rutin) - % 1 &7 Brigitta
% Bluegold = fé{g 4» £ + ¢ 2. Chlorogenic acid z £ % ¢ &R & UV-B {2 € 7 &
¥#= > 27 Brigitta # = £ 3 #% 7 ¥ 2 Chlorogenicacid » » # F# 3 i &
PR F(007TWm?2ewd #5197 ) BT ez %1 %% ¢ > Brigitta
W 007 Wm?2Z UVBt &4 2 83 FRD > L EFRFRHLED

0.12% 0.19Wm?> §~ £ A E" < & Bluegold ¥ » & e 4pst >

FREEFRITUV-B G 4 15% 0% o

L1e s BATIL EFES R UV-B S BRI S PR E B S L
7z ¥ (Inostroza-Blancheteau ef al., 2014 ) -
Table 1. Concentrations of hydroxycinnamic acid and flavonoids in leaves of two

genotypes of highbush blueberry exposed to UV-B

UV-B treatment Compounds Brigitta Bluegold
(ug g' FW*)
Control Chlorogenic acid 14905 =+ 902° 8843 + 896°
0.07 W m™ 27330 + 402° 8722 + 832°
0.12 W m™ 18412 + 1341° 13595 + 4822
0.19 W m™ 19453 + 1672° 13221 + 1338?
~ Control  Rutin 26574 + 154 21809 + 557°
0.07 W m™ 28667 + 924° 6553 + 786"
0.12 W m? 19001 + 929¢ 7194 + 471°
0.19 W m? 19563 + 1402° 7485 + 185"

*FW, Fresh weight. Results are mean £ SE (n = 3). Different uppercase letters
indicate differences (p < 0.05) between UV-B treatments within the same timepoint

for the same cultivar.

232 F FRREARHEREL S5 5 R BT

Duell-Pfaff 2 Wellmann (1982) 1% 7 it & Rét{E 5 T B £ 2 £ [

‘-83
Sk
i
-

L 8 o2 £ 8dw T (Parsley, Petroselinum hortense Hoffm. ) % SRR %

12
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R ERORH A AL ERE EIZ Y 48he2 S H-mre R ALK A
12 0.05 M #2pL 5 775 % (Borate buffer) 5P~ o fSB-H b w0 12 RGH R
BIEAE 370nm 2B AR EFMEC LR

¥t 10 min UV-B 2 e W H F A g is 4 2 & 25 100% » H 4k BB 2w
FUZEREIRH R R R EREA Y VCREMET P TAH I RS S
B (% 2) Bifidek (FR) Zou > REME &4 § ZIORABTE T
5 30%; @ gEeh Rk (R) RIS Mt £4 2 22c%7 < e > &ip

LERER Y T IE R UV-B B ER (B) 2 89§ A GRS F B £ P

(w,

G #u I UV-B Bt L6 7 FRBits wulx {4 df ¥ 5 MR T o

UV-B 2k ~ UV-B g io £ 2 Fok o 62 FRNLG P AR ORI T8 o

e 2~ i F Rk g ik 2 RN R BT UV-B o {8 2 vt i1 % (Duell-Pfaff and
Wellmann, 1982)
Table 2. Comparison between the effects of continuous red (R), far-red (FR) or blue
(B) given before or after the UV irradiation.

Program Amount of flavonoid (%)
10 min UV-B 100
10 min UV-B — 10 min R 100
10 min UV-B—4hR 129
4hR — 10 min UV 127
10 min UV-B —- 4 h R — 10 min FR 83
10 min UV-B— 10 min FR 67
10 min UV-B — 10 min B 143
10 min UV-B — 10 min B — 10 min R 141
10 min UV-B — 10 min B — 10 min FR 93
10 min UV-B—4hB 241
4hB — 10 min UV-B 472
10 min UV — 4 h B — 10 min FR 176

UV-B light (A < 320, fluence rate: 7.8 W m™); R, red light (Amax = 658, fluence
rate:6.7 W m?); FR, far red light (Amax = 740, fluence rate: 3.5 W m?); B, blue light
(Amax = 436, fluence rate: 7.0 W m™)

13
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2337 FRHMET 2 UV-BHEREET 64 2 22 B F

Wang & 4 (2017) m3 5 60 h 2. % & (Vigna radiata) % u i& 7@ 5% > ~
w4 H BB S e Pz, UV-B»0.5h(037kIm?)~ 1h(0.74kIm?)~ 1.5h(1.11
kIm?)s 2h(1.48kIm?)~ 25h(1.85kIJm?)~3h (221 kIm?) 2 3.5h (2.58
kI m?)» ¥ RS k24 his2F BB T - 23T %E %
WA UV-BRRSHIS 7 ¢ B 5 Mg &4 3t RS UV-B2.5h 15 TFC Hi4e b & >
AR UV-B(Oh) 2z ewdpt »TFCH 2 R 22 9 1.5 %5 a %8 %352 TPC
$ICEASR T BB 0.5+2.0~3.0% 35h UV-B & A it UV-B 2 & wfpit ¥
NI 2B FE LR o #H P TPCH4eh § wulptk 52 BT UV-B25h e

AT TFC» %8 % 5 2 TPC S~ B4 B 5 &5 1.03

o

"

42 3-UVB R Ee H R magt &4 2 £ (Total flavonoid contents, TFC)
2 MasEpic £ 7 £ (Total phenolic contents, TPC) % i (Wang et al.,
2017)

Table 3. The effect of UV-B radiation on total flavonoids contents (TFC) and total

phenolic contents (TPC) in mung bean sprouts.

UV-B exposured time Total flavonoid contents Total phenolic contents
(h) (mg of RE/100 g DW*) (mg of GAE/100 g DW)
0 4746 + 4.8¢ 104347 + 120.1°
0.5 597.6 + 12.9¢ 103733 + 86.3"
1.0 546.1 + 9.0° 10090.7 + 113.5°
1.5 652.1 + 6.9° 100533 + 85.5°
2.0 6824 + 6.9° 106213 + 121.4%
2.5 7267 + @ 7.4° 107413 +  68.0°
3.0 637.0 + 11.6° 10570.7 + 166.0%
3.5 5255 + 17.3f 10496.0 + 65.5°

*DW: Dry weight. Different letters within the same column indicate significant
difference at p < 0.05. Values are mean + SD (n = 3).

Inostroza-Blancheteau % 4 (2014 )4 & & F1 4] & & ( Vaccinium corymbosum
L. cv. Brigitta and Bluegold )2. - # 24 v £+ & &% % i £ 22 UV-B(0.07 ~

14
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0.12 %2 0.19Wm?) ¥ &% P (6+24~48 2 72h) 5 > 12 Folin-Ciocalteu

/% #- Chlorogenic acid w7 8 SRl 2 F+ ¢ 2 TPC - B 7 871 fo 8 F| 7|

{

EEF I RMBHERL e BMGE L 012Wm22 UV-B # hdrd &

=

wl @ 2 TPC % % 8 » 2 7 Brigitta 2z TPC %%+ 24 h i £ 0.12 W m™? UV-B
g

% ¥ 5+ & ;Bluegold B| €2 0.12Wm? 2 UV-BRE %4242 72hpE$ &+ TPC -

1400
| 0.07Wm2 Aa Brigitta
1200 1 go.12wWm?2
1000 | 0019 Wm? Ab —
Ab Aa
800 - . e Aa Abc
— a
s Bbc Bb
600
= phd ac L. =
o C
> 400 4
2
2200 -
©» O
29
sd 0
L
T T 1400
i Aa Bluegold
£ 1200 - =
g’ Aa
£ 1000 A .
= a
z Ab - Ba[* g4
= 800 A Aa
Cb
Ac Bb)
600 1 ail
400 { 8a Ee
200
0 - . . . .
Control 6h 24h 48h 72h

B 7 -3 AT EFEF 2 R Z i £ (UV-B0.07Wm?;0.12 Wm? and
0.19 Wm™ )z UV-B P #4153, % i & 4+ 7 £ (Total phenolic contents, TPC )
( Inostroza-Blancheteau et al., 2014 ) -

Figure 7. Total phenolic contents (TPC) of leaves of two highbush blueberry
genotypes exposed for different hours to different UV-B doses (UV-B 0.07

WmZ%; 0.12 Wm™ and 0.19 Wm™). Values are mean + SD (n = 3). Different

capital letters indicate differences (p < 0.05) between UV-B treatments at

the same timepoint for the same cultivar. Different lowercase show
differences between the same treatment and the same cultivar (p < 0.05).

Asterisk indicate significant differences (p < 0.05) between genotypes at the

same timepoint.
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234 £ HF p e UV-B 45 thz 3258

Harbaum-Piayda ¥ 4 (2010) ¥féte 4 3¥ 2. v ¥ (Brassica campestris L. ssp
chinensis var. communis ) ' iv £ 0.35-0.42 W m™ 2. UV-B %% ikhi& {7 5 g gz >
FPRE 16 h > & apRE 10 disBE P Th B N4 2 P RS RIRTEF
FPodps fs Pt Fiet HPLC i (7 2 8 A 470 & 4 B '*,f 7 Hydroxycinnamic
acids 2. #t » & FHEF5d 10 d UV-BRMJIZ2Z 6 BAERMFCEF T2

M¥ag=s  alimit ez 2287 918K (p<0.001)-

16
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oA AR REs FESFMECEF 7R (mg g! dry matter)
( Harbaum-Piayda ef al., 2010 ) -
Table 4. Contents of flavonoids in leaf blades of different pre-harvest-treated pak choi

plants.
Compound -UV-B +UV-B
Total® 28.44 + 3.93 5024 + 5.78
Flavonoids (Total)® 25.02 + 4.08 4585 + 5.39
Kaempferol-3-O-diglucoside-7-O -glucoside 227 + 0.27 4.02 + 0.68
K ferol-3-O-hydroxyferuloydigl ide-
aempfero ydroxy cf:ru oydiglucoside 174 + 044 300 + 030
7-O-glucoside
Kaempferol-3-O-caffeoldiglucoside-
. 535 + 091 7.66 + 131
7-O-glucoside
Kaempferol-3-O-sinapoyldiglucoside-
. 6.15 + 1.65 633 =+ 224
7-O-glucoside
Kaempferol-3-O-feruloydiglucoside-7-O-
. . . 5.00 + 1.06 6.13 =+ 1.18
glucoside / Kaempferol-diglucoside
Kaempferol-3-O-feruloydiglucoside-7-O-
. L . 4.51 + 1.09 18.70 + 2.99
glucoside / Isorhamnetin-diglucoside
Hydroxycinnamic acids (Total) 342 + 0.40 439 + 1.18
Caffeoylmalate 0.30 + 0.16 0.55 + 0.10
Hydroxyferuloylmalate 0.11 =+ 0.33 0.66 + 0.98
Feruloylmalate 1.09 + 0.08 1.08 + 0.10
Sinapoylmalate 145 + 0.28 1.36 + 0.60

Results are mean + SE (n = 6). * Sum of all polyphenolic compounds. *: Expressed as
kaemferol-3-O-hydroxyferloydiglucoside-7-O-glucoside ~ equivalents.  ©:  Total
hydroxycinnamic acids content was calculated by the sum of quanic acid derivatives
(expressed as chlorogenic acid equivalents) and malate and glucose derivatives
(expressed as sinapoylmalate equivalents). Each single hydroxycinnamoylmalate was

expressed as sinapoylmalate equivalents.

Leon-Chan % 4 (2017) #4817 = £ 28d 2 &k ( Capsicum annuum ) %
4% p 12hz 4 £%K®E (06:00-18:00)  @4F 8 B> 2520°C (p/f) I
WEAPFIRAE 5 65% 8 7d 5 R e ME ARSI (Low temperature, LT)
P #-8 R 5 15/10°C (P /7 ), UV-BAJ2 e p#-4 E XK BPEFRF 5 6h (06
00% 10:00 % 16:00 % 18:00)> # & p P& UV-B6h (10: 00 % 16: 00 ;
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UV-B i £ 5 72kl m?» % § fE4Ei 4+ 50 cm) o & % Bell pepper ¥ + 2. 3% i 47
e ZEMEY AEL & OE BEET &P Luteolin-7-O-glucoside (L-7-G) %
Apigenin-7-O-glucoside (A-7-G) & {7ip|Z_- B 8 & Bell pepper ¥ + 2 TFC
* RS UV-B 5§ B F e 4 » TFC 93 5 # PR ch- B 5 &%a » LT AJLRIH
TFC ¥ Z 3 ¥ %% - m B/ 9 % Bell pepper £+ ¢ 2.3 fAE Aragis &4 L-7-G

5 A7-G* RSt UV-B (535F BEF 4o 29 L7-G2 § £ { M+ s 4B LS

éﬂﬂ[

Control
Treatment

i\-"
P

o

- ek e

5 8 8 8 8 &
&S & 6 o o
J

(mg of quercetin/100 g FW)
N
o

Total flavonoid concentration

o

B 8 ~ Bell pepper ¥+ 2. %t iF g2 (LT) 2 &t UV-B s (i fiksg it &4 2 &
(mg of quercetin per 100g of fresh weight ) ( Leon-Chan et al., 2017 ) »

Figure 8. Total flavonoid content (mg of quercetin per 100g of fresh weight) in bell

pepper leaves exposed to low temperature (LT) and UV-B radiation. Results

are mean =+ SE (n = 3). Numbers followed by different letters are

significantly different at the level of p < 0.10 according to the Fisher’s test
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100

) EL-7-G
o 90
o 0A-7-G
S 8o
-
oD 70
E &
g w N
“l-‘: 50 a
= B
& a0
=
8 30 b
o
S 20
§ B
R
IS

0

Control LT uv-e

Treatment
B 9~Bell pepper # + 2. Luteolin-7-O-glucoside( L-7-G ) 2 Apigenin-7-O-glucoside
(A-7-G)7 &3 MF 22 5 UV-B {8 2. 3 £ (Leon-Chan et al., 2017 ) »
Figure 9. Concentrations of  luteolin-7-O-glucoside (L-7-G) and
apigenin-7-O-glucoside (A-7-G) in bell pepper leaves exposed to
low temperature and UV-B radiation. Results are mean + SE (n = 3).
Numbers followed by different letters are significantly different at
the level of p <0.10 according to the Fisher’s test.

Hectors % % (2014) 2 & % Colombia-0 2_ [P iR & (73% > B+ p &
TBIAEHEN LA FPpAEFELRIONEZHFF 4hy W2 L 4w
B FTEKZ o #* w® 5 0.59-0.62kIm?2d'2 UV-BREE 1Smints » p % 2
PRI PY ZRERE2h ANEF 123482 12d Farhfs-
SR UV-BELES 20h 2R st otk B I0EESF?
8 fE AR UV-B B 2 F R BT AKE 1.7 B (B)

Kaempferol-3-O-rhamnoside-7-O-rhamnoside * #» % & % 85 #® ( H)

Kaempferol-3-O-glucosyl-glucoside-7-O-rhamnoside °
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z £ %1 (Hectorsetal.,2014) -
Figure 10. Flavonol glycoside changes in UV (open circles) and non-UV treated
(closed circles)  Arabidopsis thaliana. (A) Quercetin-3-0

-thamnoside-7-O-rhamnoside. (B) Kaempferol-3-O-rhamnoside
-7-O-thamnoside. (C) Quercetin-3-O-glucoside-7-O-rhamnoside. (D)
Kaempferol-3-O-glucoside-7-O-rhamnoside. (E) Quercetin-3-0O

-thamnosyl-glucoside-7-O-rhamnoside. (F) Kaempferol-3-O-rhamnosyl
-glucoside-7-O-rhamnoside. (G)  Quercetin-3-O-glucosylglucoside-7-O
-thamnoside. (H) Kaempferol-3-O-glucosyl-glucoside-7-O-rhamnoside.
Results are mean + SE (n = 10). Error bars might be smaller than symbol
size. At the beginning of the experiment, plant received 15 min of UV at
noon (corresponding to the first application). From the second day on,
plants received 2 h of UV daily. Two-way ANOVA showed a significant
interaction between treatment and time for all flavonol-glycosides (all p <
0.0001).
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III. 7% P h

HHFT LR S RRERAGRH UVB L 5 AEI L] S RE M
WA ABEL L ERUV-BH M 32§ AS%hadE 2 87 4
2R p i BEF AR &4 5 Kaempferol #5 frpEs - 354
5FoAEAF i 2R M g o R UV-BIRIET ST T G St UV-B

c B2 F frAE T £ 4 > Kaempferol #f f* & % 7 443> UV-B #rif 4 L2 pd Ao

=y
[y

y ﬁ,g,,,m—g—uf Pl o AN iR AP HEFIRHUV-BE T g AH SR
B E

UV-B BB 385 ¢ » 508 is BT R BFSR > R F BT &9 B~ 3 4

2.

R

F4 e qdek EHfciie UV-BESH 2581 ¢ ¥FBHEFERF (120
+) 2 UV-B> “f TOHRP REFTETEE RIEFY AF ROt HRE
ME A EPERRE SRR A T 0 T g R RS DR i LI
TP AR F LN L EREL DA TG T H T A nfF A R p RE
P2 EM G F RN o AREHNE P F AL LELERE > 4o r UV-B
PRot > T LA R ERIEE TR FRES N T A PR B2 0

B - BEEHHE el S 2T oond A b H gAY

21

doi:10.6342/N'TU201802341



IV. 358 = 02
4.1 2%
AES% P vt * 2. 1 43 (C. osmophloeum Kanehira) PEp w & 2. f6u 7 2

3 a4 %y BENEALEACTYR 2013 AHIAS LA T LHER

+

F48 0 Gd F 48k 47 7 # &k (Gas chromatography-mass spectrometry » GC-MS )

g E VB R kA /7] (Cinnamaldehyde type) o @@ #rk % E & 5 %

1 &5

N
§x
‘;‘
by
I
5
~
.
ki
e
Qe
e
S
J‘l.
Thnl
Py
gt

ot BEFT A RRBERL 0 2 E 4

42 KBER

NBHHZ T ERiEE Y 5 Y g4 £ 4y (Firstek, GC-102H) # ¥ » 3

fme

AP Rtk APEIRE A LS 90% 0 B AR S 25°C o 2 £ (Philips, TLD
36W/840 NS) kB 52 06:00-18:00- etk p B3 H » 4 £ 48 > & 3d

(8 A4 BET A e RBIPIZRIEE o

4.2.1 & PRFEHIR] TR %K

UV-B % ¢ (Sankyo denki, Japan, G40T 10E ) fE3EE 5 4~ =] 5 30~45 2 60 cm
(E 4 mpEawEAYE 4203622 230Wm?)e fegr3t4 Efp 31t 3d
f6 » 3018 :00-22 1 00 Pes UV-B4 h > 3+ 22 :00-06: 00 ‘24F 8 hz. 2 R PR »

IR RS (06:00) FicH BBz P EFE L o

422 kBRIER R
AiEZ Y BEtREI Y 3 d iS22 EHRI18:00 2 UV-B 2 Fk (A7 %
4 4 FL40B/38)i& {7 % I sk BB 5 385 » 4 5] 5 4 hUV-B(4U )~4h EF£(4B) -~

2h &% + 2hUV-B (2B2U)~2hUV-B + 2h gk (2U2B)~1hE* +3h
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UV-B (1B3U) %2 3h &% +1hUV-B (3BI1U)> § {& ¥ >+ 22 00-06 : 00 *a+F

Shz 2aEpEl > "2l sdis (06:00) Ffcp BE S -

423 % Ip PFHCE BIR

Fhiv 3dfsz jetkp 18:00 B4R+ 7 FF PFfcz. UV-B:2h (18 :00-20:
00 2 UV-B>20:00-06:00 2 2apFR )~4 h (18:00-22:00 3 UV-B-»22:
00-06:00 2 2 &PFR )~6h (18:00-24:00 % UV-B>24:00-06:00 % 2 a5 p%
BF) 2 8h (18:00-02:00 2 UV-B>02:00-06:00 5 2P ), ¥+ 2 g pF

B (06:00) Hjcp FF 5 -

424 7 X B ok iR
P I3 d2ZEtRie 18:00-22: 00 feitx 4 h 2. UV-B» # 3%
22:00-06:00 4 Sh2 TRMEE AU E4F L HIM242 8d> 55 p 2 06

00-18 © 00 i fadx 2 K FR & > 22 > 4p TR X BiS IR P 06 00 HR g & »

JEREIpIFLFE

ARRFII PP - RERRIZSRES TR A ¥ - R 5 R
BrmoA M I gWEET AP 06:00 FRJTis 2 WiEE N REF P
TP BN BRI b K %3t 45 mL ¢ fig( Ethanol, EtOH )¥ > ¥ 12142 F A ( Crest,
CP230 ultrasonic cleaner, 45 kHz, 80 W) 4= 1h > i g {s # “’f ok 18 gk A
20 0 A BERG M EF T EAITE RFRT BRIV S PP T LR RIESGFH

Gia Al ke BRI R RE S e R

44 KT BN L RB
R REFmeI L F 7 9% (Dichloromethane, DCM) % -k ( Water,

HO) &7 4 B ed2 » 7 AH#-c gr 544 » 15mLDCM 2 15mL -k 2 {54 »
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Yoo F ¢ M2 $93 £ 1520 3000 rpm 4 10 min ¥ - DCM 3 30454 (5
£ Fder 1SmLDCM R 3 53 > s X E4 %% 4~ 15 mL DCM R 3

XN Y BENY PRSP T 3 T8 SRR DS

%fs5F i & # 7 £ (Total phenolic content, TPC );#5% % P& Lin §= Chang(2013)

z_ Folin-Ciocalteu ;% » # * 7 &3 @ (Gallic acid) 2 &% & » ¥ 12 50% (vv!)
el L ARER (5-10~20~40 2 80 pgmL™") 300 pL i3 i% > A w4 » ok
A& 300 pLIN Follin-Ciocalteu 32 &> e & 3t § ¥ 27 F Jis > #FE#F E 5 min 1
4e 0 600 uL20% (ww!) spe4h (NaxCOs)» R £393 sk # % 8min {5 » 3t
12000 rpm T #.w 10 min o &g §8 B~ 300 pulL ¢ ’F et 96 LR R E 4 (96 well
microplate ) ¥ I 12 4 ;4 4 47 ik (SpectraMax 190, Molecular Devices) P&
754 nm 2k B o RIERFESREFRL 3K 0 H ¥ B 210 50% (vv!) e
fig B~ i Follin-Ciocalteu ;84| ¥ & Z ¢ & (Blank )~ #f6 10 T B+ Bk R iR
2 Bk Eh AR Rz v EsS e

AHTRERER S R RN T B R ARk R R sk & R
SR T A HL 3 BT hB— 211 50% (vv!) ¢ @B~ % Follin-Ciocalteu
M TL 59 e (Blank) e ¥ T B2 R @R~ 1T B3 p2 R S
P B A Lo iEPRY v T 23 e d £ (Gallic acid equivalent, GAE ) »

#rimgof GAEg! ¥ 3 2 p EF e e Ty d gt 2 R H = o

4528 F Mgt &3 £
WA &4 7 £ (Total flavonoid content, TFC ) i#% %R Lin v Chang
(2013) * £~ (Rutin) @3RS £ BalF 323 FER (625 12,5+
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25~50 2 100 pgmL™") 150 pL 3% » 3 4e » JE R 2% (ww') 150 pl 2 = & i*
48 (AICL) > 96 3 e B Pl B4R 6355 15 » @ X# % 10mine 2 LR RH L4
Wi 30 FP- BILRBRZF VAR RITS 0 o kBN AT REIE
405nm z v Km0 L F TR R H ek B E R MR Qﬁﬁﬁ,\ 3
SRR R E SRR T TR TR R E ek &R
SEAFRCE 30 50 BRIRBN Z F 4R MR T IF sk B w bR
T2 RREwEESY > P R AR g pE PR 477 § 7§ £ (Rutin equivalent,
RE)> #12 mg of RE g' (F2 4 p REF e mpei s REmap &4 7 &

o

RFRINY AL R R UV-Bio2 2 2153 L FoTikAp K
+7 & (High performance liquid chromatography, HPLC) 4 47 o & * 2. ¥ 4 &
5C18-AR-II ( Cosmosil, Japan, 250 mm x 4.6 mm, 5 um )~ & & i 5 Agilent 1200
series quaternary pump GI311A > &R F R * Agilent 1200 series diode array
-detector (DAD, 190-950nm ) % A & B % o ESkif it 2 FHIE R 5 40°Co i

BlAE S 280nm > Jnid B E S 0.3mLmin! > #E AR AR L SR H R
#F0A 5-k/? B (Formic acid ) (99.9/0.1, v/v) i3 % » B % ¢ % (Acetonitrile)
/® Fe (99.9/0.1,v/v) e 0-10 min i#* &2 H 2% 17%B > 10-25min d 17%B
18% B » 25-35 min H Z_5 18% B > 35-45 min ¢ 18% B % 40% B > 45-55 min ¢
40% B % 50% B > 55-65min ¢ 50% B 1 60% B > 65-70 min B| H Z_5 60% B &

Ak (£5)-
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# 5~HPLC 3% -
Table 5. HPLC solvent.

Solvent mixture ratios of mobile phase (% )

Time (min)

A B
0 83 17
10 83 17
25 82 18
35 82 18
45 60 40
55 50 50
65 40 60
70 40 60

A  Water

B : Acetonitrile

4.6 iAo 7

MY R 2 Bt e 7 2 A0 it gt R (Version 3.0.2) 27 S A ¢ i
#i % ® + % (Kruskal-Wallis rank sum test) > t5% % 27 b 22k 7 E g ¥

AR > F M Dunn iz FE R ERIZZ LR 0 AT HERRF Z 90% -
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V. B%233%
50 EpRMEEHIpRESIFEMESF T EZBE

AEsk R REP B P BESRHUV-B SR A AL gl E P
06:00-18:00 122 EEREI p HIEHR 12 h BFHFEF e » UV-BREE > 14

i UV-B Bt BH2E RES Y BB L5

V“tﬂ

7' Z_égg o ll'L f’l‘ ’ E}
Duell-Pfaff 2 Wellmann (1982) 72 3 2% {F4v> X UV-B 5 RSP ¥ L5
Bier > Tt DR A HI IS0 T E o AEKEY B e BEES FERE D

Ekz UV-B RSt > 8o & 0 B i RETIER o

5.1.1 Sk pREEHLP| T
P FE B CERIEY R p RfE T2 KBRS RS e » B UV-B
4h (18:00-22:00) > = &P+ FiEH (3045 %2 60cm > 4z UV-B it £ 4 4
5 602+463 %2 33.5kIm?)UV-B %Rt p BEF ¢ BF @it &4 7 £(Total
flavonoid contents, TFC ) % f=#g i & 3= 7 £ % i* (Total phenolic contents, TC )
Waje & 68m 2 p HEFZREMGT &P 2L IR 30 cm 2B R
TFC % 113.7+1.5mgof RE g'-»* B 8+ UV-B (5 &g ¥#% < 5 137.5+ 6.7 mg of RE
gl W 5 1.21£0.07 &5 BE% R 45 cm 2. e W R &5 TFC 5 103.3 £6.2 mg of RE
s Bst UV-B # 5 96.1+3.5mgof REg! » A 5 B 41093 +£0.03 12 ; jE%
% 60 cm 2_ ‘& W Be 545 TFC 5 96.2+2.3 mgof RE gl BB 5+ UV-B {4 5 100.0 = 2.1
mgof RE g™ » #4r % 1.04+£0.00 i o 2% %7 > XBIEH 5 302 60cm & 24

PR REF2ZTFC AR Fy NMEFAE 0 B 7 X Rk 30 cm 25
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63 RIEHRT UV-BRHFHIEREF P REsMmGt e 288
Table 6. Changes of total flavonoid contents (TFC) of C. osmophloeum leaves from
UV-B irradiation with different distances.

Irradiation Total flavonoid Changing ratio of total
distances Treatments contents flavonoid contents ( UV-B
(cm) (mgof REg!) A Control’!, fold) B
Control 113.7 £ 1.5
30 > 1.21 £ 0.07*
UV-B(4.20 Wm™) 137.5 + 6.7*
Control 1033 = 6.2 b
45 > 0.93 + 0.03
UV-B(3.62Wm™) 96.1 + 3.5
Control 962 + 23 b
60 1.04 £+ 0.00*

UV-B(2.30 W m™?) 100.0 + 2.1*
Results are mean + SE (n = 3). * : Results are significantly different (*) at the level of
p < 0.10 according to the t-test between control and UV-B treatment. B : Different

letters (*®) are significantly different at p < 0.10 according to Kruskal-Wallis rank

sum test and Dunn test between different irradiation distances.

27RO L 5 E£R% Y %R 300m 2 2w B st TPC 5 70.2
+44mgof GAEg!'» BR#+ UV-B 1 5 83.8+63mgof GAE g » 3 5 1.21+£0.16

; BEYE R 45 cm 2. je b PRt TPC % 55.8+2.3 mgof GAE g! » Rt UV-B {4

-+

5 64.6+3.7mgof GAEg!' » 3 5 B 21 1.17£0.12 & 5 iE% K 60 cm 2 ‘e %] R
sta TPC % 71.0+4.7mg of GAE g!» Be 5t UV-B 5 5 75.9+2.8 mgof GAE g >

W5 1.08+£006% - F%kkqted 1 BEFSF TPCH R UV-B (s THEY

s
b

F O Ao A 4T AT e L TPC By aMELL -
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27~ FEERT UV-BRETHL f 257 RpH 7 ZRF -
Table 7. Changes of total phenolic contents (TPC) of C. osmophloeum leaves from
UV-B irradiation with different distances.

Irradiation Total phenolic Changing ratio of total
distances Treatments contents phenolic contents (UV-B
(cm) (mgof GAE g') * Control™, fold) "
Control 702 £+ 44
30 ) 1.21 £ 0.16°
UV-B(4.20 Wm™) 838 £ 6.3
Control 558 £ 23
45 1.17 £ 0.12°
UV-B(3.62 W m™) 646 + 3.7
Control 71.0 = 4.7
60 1.08 + 0.06°

UV-B(2.30 W m™) 759 + 2.8
Results are mean + SE (n = 3). # : Results are significantly different (*) at the level
of p < 0.10 according to the #-test between control and UV-B treatment. B : Letters (*)

are no different at p < 0.10 according to Kruskal-Wallis rank sum test and Dunn test

between different irradiation distances.

Dwivedi % % (2014) %t Vigna aconitifolia (Jacq.) % % 1 d p A &3
9.8-15.8kIm?2 UV-BRESt - 5% & %% ¢ TFC 2 TPC 7 & # ¥ UV-B it
EH4em 2 B¢ TFC R & 13.6kIm? 2z UV-B 5 13k < & HH 5 1S
& 5 TPC Bl E0 %3 11.0 kI m? 2 UV-B Bitis NI &> GH 5 1.5 6 o
Inostroza-Blancheteau % 4 (2014 ) ¥ &% ( Vaccinium corymbosum L. cv. Brigitta )

FF 4812 0.07-0.12 2 0.19Wm™? 3 A 2 UV-B fRét 72 h o & % &7 R4t 0.07

Wm?2z2 UV-BF R EF 9 F7 Z8¥ 4 ibhr @ a7 7 240 B em ik
BrR D o d pLdaipl > AR S B 3¢ 2 TPC*> UV-BR&=sabgF L8 >

fros
ﬁ’l ﬁ

VAT UV-B st £ A4S TPC 1 W F AR > A8 2
UV-B i & ¢ &g R4 qit @0 @ 4 TPC ¢ BAnipt 5 o pboh > L RFESIESR
PAANITFCE TPC B 5 5 FR 2 2% B ¥ ¥ 1L 8- apit
ERIEH S FH e b RPFEF I RFLp REF Y C P2 AR RSF KA d
*v?ﬁ&%’ﬁ‘i%_'% 3 30cm i@ UV-Bac 84 F 2393 > F|pt v UV-B £ RIES]

Z 30cm -
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512 kR aEEETEF T BB
19p~ prd > ERE UV-B R ERETE A S 2 (£% > 7 00it UV-B Rt
18 4 e % & 2 (Duell-Pfaff and Wellmann, 1982 ; Fuglevand et al., 1996 ; Wade et
al., 2001 )0 F]pt - (B P B E R REEYIS - AFT T - HIFF I B DLBIES
HIp Ry Rt P T E2EF 50 B A4hUV-B (4U) 270 (5 £/
FEAES ¢ JEER 30 cm 2 3RS E 2 )4 PIE4hEX(4B)2hExX +2h UV-B
(2B2U)~2hUV-B+2h g (2U2B)~1h &% +3hUV-B (IB3U) % 3h
FX +1hUV-B (3BIU) k@i - F XV EINRIUELF L& E2
% 8 % % BT 4U et sts TFC 5 113.7 £ 1.5 mg of RE g' » Be %+ UV-B
SR EHD L 137567 mgof REg!» 3 5 1.21+0.07 & ;4B 2R &% TFC 3
97.6+2.2mgof RE g B4 UV-B {8 5 102.0 6.4 mgof RE g'» 3 5 1.04 +£0.05
2 ;2B2U ‘e its TFC 5 783 +3.1 mgof RE g i+ UV-B 588 4 = 4 92.2
+25mgof REg' % 5 1.18£0.08 & ;2U2B 2 R 4% TFC % 84.1 +3.9 mg of RE
gl RSt UV-B 1 % 89.4+72mgof REg!» 5 5 1.06+0.04 3 5 1B3U B b
7 TFC % 101.7+11.6 mg of RE g » e+ UV-B {4 2 107.4 +£4.1 mg of RE g'! >

B % 1.08+0.10 2 ;3B1U s its TFC % 117.3+26.1 mg of RE g f& & UV-B

|

4% 101.8+44mgof REg!» i % 096021 & « # ¢ kg 4 4U 2 2B2U &

W2 TFC et UV-B o fs ¢ HIRA F A R o« A E HE 4B ewl2

4iE

WS ELT A A 432 TFC> 1 k2 UV-B ¥ & ¢ 72B2U &4
%A o TFC 3 40 8 5 27 4U Api7(1.21£0.07 8 o v # 4612 3k 27 UV-B

g nen] 2U2B - 1B3U 2 3BIU RIAE MSta 15 2 5 4o i3 5

Ja

|4

E-)
<

ZREFAR - LERERT EPREHEXT 2 €4 TFC IMEFHS > A

ﬁﬁﬁfﬂ'%%? mEBEUV-BA A Tt 3% 3 UV-B R &tamc s 0t ¢ 2B2U &2 2U2B

chfe WiE - B AR ST TR 3% B TFC %k $ i o Duell-Pfaff = Wellmann
30
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(1982) % Fuglevand & 4 (1996) z 2% 4 d » 2 F# * k2 UV-B ¥ 3
P 2|

iRt TFC 28 > H ¢ X AR ELT fot UV-B 2 2 ul# 4o i § o

83 FEBRIEAKEHEESY

s £
Rw

LA

T

Table 8. Changes of total flavonoid contents (TFC) of C. osmophloeum from

irradiation with different order of lights.

Total flavonoid contents

Changing ratio of total

Group” Treatment N B flavonoid contents (UV-B
(mgofRE g”) : ¢
Control™, fold )
Control 113.7 £ 1.5
4U ) 1.21 + 0.072
Irradiated 1375 + 6.7*
Control 976 + 2.2
4B ) 1.04 + 0.05°
Irradiated 102.0 £+ 64
Control 783 + 3.1
2B2U ) 1.18 + 0.08?
Irradiated 922 + 2.5%
Control 84.1 £ 39
2U2B ) 1.06 + 0.04°
Irradiated 894 + 7.2
Control 101.7 + 11.6
1B3U ) 1.08 + 0.10°
Irradiated 1074 + 4.1
Control 117.3 + 26.1
3B1U ) 096 + 0.21°
Irradiated 101.8 + 44

A:14U4hUV-B;4B>4h §% ;2B2U2h g% +2hUV-B; 2U2B>2h UV-B
+2h & ;1B3U> 1h &% +3hUV-B;3B1U>3h &% +1hUV-B-Results are
mean = SE (n = 3). " : Results are significantly different (*) at the level of p < 0.10

according to the t-test between control and irradiated treatment. © : Letters (%) are no

different at p < 0.10 according to Kruskal-Wallis rank sum test and Dunn test between

different groups.

LOPIAEA A P LRIEASE P RES P TPC 2 B85 2% 7 4U 2wl i

sta TPC % 70.2+4.4mgof GAE g!» e 5+ UV-B 15 5 83.8+ 63 mgof GAEg! >

B 5 121+0.16 % ; 4B 25 TPC 5 384 + 5.8 mg of GAE g » it UV-B

6% 36.1+1.6mgof GAEg'» & 3 0.97+0.09 & ;2B2U P &% TPC 3 392+

43 mgof GAE g!» BB &+ UV-B & 5 41.5+29mgof GAE g'» 3 5 1.07+0.05 & ;
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2U2B & P8 é4 % TPC % 49.7+5.4 mgof GAE g'» BB %+ UV-B {4 5 49.4 + 4.1 mg of
GAE g & % % 1.00+0.02 2 1B3U & &% TPC % 62.7+9.9 mg of GAE g
Pe st UV-B 1 & 64.6 + 7.8 mg of GAE g » 3 & 1.04 + 0.04 &% 5 3BIU ‘& fB 5f %
TPC % 57.0+9.8 mgof GAE g » B4 UV-B 14 % 44.1+£2.0mgof GAEg!» & %
0.81£0.12 % = * TPC2 2457 » i 5 4U 8§ S 2 B4 B F » & a3+ A
W *ET o mm A BT TPC & ¥ L AR BT >0 LR EA

IR EAR

2O AR kREREIEREF P RERCEF T ERE
Table 9. Changes of total phenolic contents (TPC) of C. osmophloeum leaves from

irradiation with different order of lights.

. Changing ratio of total
A Total phenolic contents )
Group Treatment phenolic contents (UV-B

mg of GAE g!') °
(mg g) Control™, fold) ©

Control 702 + 44

4U ) 1.21 + 0.16°
Irradiated 83.8 + 6.3
Control 384 + 5.8

4B ) 097 =+ 0.09?
Irradiated 36.1 £ 1.6
Control 392 + 43

2B2U ) 1.07 £ 0.05°
Irradiated 415 £ 29
Control 497 + 54

2U2B ) 1.00 + 0.022
Irradiated 494 + 4.1
Control 627 £ 99

1B3U ) 1.04 + 0.042
Irradiated 646 + 7.8
Control 570 + 9.8

3B1U ) 0.81 + 0.12°8
Irradiated 41 + 2.0

214U 4hUV-B;4B>4h gk ;2B2U>2h % +2hUV-B; 2U2B>2h UV-B
+2h g% ;1B3U 1h % +3hUV-B;3BI1U>3h &% +1hUV-B-" : Results
are significantly different (*) at the level of p < 0.10 according to the #-test between
control and irradiated treatment. © : Letters (%) are no different at p < 0.10 according to

Kruskal-Wallis rank sum test and Dunn test between different groups.

FHRRFEPRMELE UV-B € A4 1k T > & RiPck £ AR
32
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FaBUV-Be gk #3EM 0 RETEXE UV-B 2 FFEE} #50F (£% 5 38 TFC &
17385 S % ¢ 0 2B2U M2 B4 3 F A AACAR AU Tt S A i UVAB iF
= KPR o
52 RUFHEHEEL EFH B FLEF
B PR PRRRRERPRFALL 4h F SREE P AT E

Flengod it Af R Fo AEmkiE- B UV-B ERBEFAAL 2-4:6 % 8he
ShL R R RR R LB A ER YRR F DR
B3Rk AN E FAP BN EARGR B PN A b Rk
Tyai o B 11 &7 UV-BERPEFRF 5 2-4-6% 8hpt 42 TFC 4 4 5 1.06+
0.03 ~ 1.11 + 0.07 ~ 1.06 + 0.08 2 1.09 £ 0.05 & » # ¢ ®ét4h 2 8h UV-B ehie
W TEC (a3 4piT > < HE p 3 p HEF 84 TFC B 2 UV-B kBpERT 4
4h# 8heYang %4 (2017) 2Rk E%HT > {EHRHF %A NUV-B
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Figure 11. Changing ratios of total flavonoid contents (TFC) of C. osmophloeum
leaves from irradiation with different hours of UV-B. Results are mean +
SE (For each point n = 3). Results of the changing ratio from individual
irradiation time are significantly different (*) at the level of p < 0.10
according to the #-test from 1. Letters (*) are no different at p < 0.10
according to Kruskal-Wallis rank sum test and Dunn test between

different irradiation time.
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Figure 12. Changing ratios of total phenolic contents (TPC) of C. osmophloeum
leaves from irradiation with different hours of UV-B. Results of the
changing ratio from individual irradiation time are mean = SE (n = 3).
Results are significantly different (*) at the level of p < 0.10 according to
the t-test from 1. Letters (*) are no different at p < 0.10 according to
Kruskal-Wallis rank sum test and Dunn test between different irradiation

time.
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Figure 13. HPLC chromatogram of water fraction from C. osmophloeum leaves

extraction. F1: Kaempferol-3-O-p-D-glucopyranosyl-(1—4)-a-L-

rhamnopyranosyl-7-O-a-L-rhamnopyranoside. F2: Kaempferol-3-O-B-D

-apiofuranosyl-(1—2)-a-L-arabinofuranosyl-7-O-a-L-rhamnopyranoside.

F3: Kaempferitrin. F4: Kaempferol-3-O-a-L-rhamnopyranosyl-(1—2)

-a-L-arabinofuranosyl-7-O-a-L-rhamnopyranoside. F5: Kaempferol-3-O

-a-L-rhamnopyranoside.
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Figure 14. Structure of compound F1-F5 from the water fraction of C. osmophloeum
leaves extracts. F1: Kaempferol-3-O-B-D-glucopyranosyl-(1—4)-a-L
-thamnopyranosyl-7-O-a-L-rhamnopyranoside. F2: Kaempferol-3-O-f3
-D-apiofuranosyl-(1—2)-a-L-arabinofuranosyl-7-O-a-L-rhamno
pyranoside. F3: Kaempferitrin. F4: Kaempferol-3-O-a-L-rhamno
pyranosyl-(1—2)-a-L-arabinofuranosyl-7-O-a-L-rhamnopyranoside.

F5: Kaempferol-3-O-a-L-rhamnopyranoside.
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Figure 15. Changing ratios of the water fraction compounds from irradiation with
different hours of UV-B. Results are mean + SE (n = 3-9). Letters (*) are
no different at p < 0.10 according to Kruskal-Wallis rank sum test and

Dunn test between different treatments at the same compound.
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Figure 16. Changing ratios of total flavonoid contents (TFC) of C. osmophloeum

leaves from irradiattion with different days of UV-B. Results are mean +

SE (n = 9). Different letters (*°) are significantly different at p < 0.10

according to Kruskal-Wallis rank sum test and Dunn test.

Bl 1747 » 2 pHEF W E4EH2 42 8d2 4 h UV-B# » TPC
e A BB L 1124002 1.20+£0.05 2 1.37+0.08 & » £ ¢ @ét UV-B &
Bd 2dM4e s AdprTPCH 4 & F AR ER > Lit— Hu L BHPERF 5 8d

o B TPC Hi4e i3 F A ¥ H 5 1.37£0.08 & o

41

doi:10.6342/N'TU201802341



1.6 1 a
g 14 - I
3 b
o 12 1 b I
o2 T
o
510
o
= E
5 8 0.8 A
g
°m i
.§>.0.6
S D
a0 0.4
g
)]
g 02
<=
O
0.0
2 4 8

UV-B irradiation time (d)

B 17~UV-B kB&7 F X ¥ p 23 8papit &4 3 £ (Total phenolic
contents, TPC ) 2_:x g & F o
Figure 17. Changing ratios of total phenolic contents (TPC) of C. osmophloeum
leaves from irradiation with different days of UV-B. Results are mean +
SE (n = 9). Different letters (*°) are significantly different at p < 0.10
according to Kruskal-Wallis rank sum test and Dunn test.
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Figure 18. Changing ratios of the water fraction compounds from irradiation with
different days of UV-B. Results are mean = SE (n = 9) Different letters (*
®) are significantly different at p < 0.10 according to Kruskal-Wallis rank
sum test and Dunn test between different treatments at the same

compound.
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