(= 878 R P T BRIl
TR BER R 53 I RSB 7

I e e R
P e R e



I am Hsu ya wen, a senior high school student in Kaohsiung Girls’ Senior
High School .Since | was little, |1 have been interested in many natural
phenomena and kept asking why. It’s fascinating for me to solve the problem and
take the challenges.

Even with heavy schoolwork, I still participate in science exhibition, where |
learn a lot . For me it is a great chance to improve myself and I really enjoy it .



My name is Tsai Ping Fang | study at Kaohsiung Girl’s High School. In my
free time, | like to design something by myself and my favorite subject is art. |
think, in a sense, science is just like an art made by nature, which is always
interesting and mysterious to me. To learn more about it, I join school’s science
research club. In science, I found abundant knowledge different from that in
the textbooks. There is another world open to me doing the science research.
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Abstract :

In this research we derived heating effects on anti-oxidation by optical rotation
analyses. A simple and accurate Polarimeter was devised with polar screens, laser, and
photo resistor; the laser was used for light source, and the photo resistor for detection.
Four kind of fruits, Hyloceeus polyrhizus, California plum, kiwi and tomato were
experimented by heating them in boiling water and microwave oven. Their optical

rotations versus time duration were calculated.

Then we used ABTS/ the H,O,/HRP analysis system from Arnao's research to
obtain the heating effects on anti-oxidation by calculating the vitamin C densities
versus lag time. We found that there was a tendency of increased anti-oxidation at the
beginning by heating, but decreased afterwards. Better oxidation was achieved by
using microwave for Hyloceeus polyrhizus, by using boiling water for kiwi and

tomato, and by using both methods for California plum.

The same tendency was also found in the optical rotation analyses. Therefore we
successfully developed a new method to measure the antioxidant activities by the
optical rotation. We can also apply this method to simulate the fruit digestion process
in the stomach, which let us understand further about anti-oxidation ( or optical

rotation ) versus time.
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. ' 050 V

s S
0.00 : : 0.00 : :

w0 ] 0 & w0 m 0 00
AEF i C 25ul HO 7.5p0 124sec|sE&fY g7 |:[H C 30ul HZO 7.0 € 149sec
0_500 ' L5

4BS ABS
0.0 ‘ : 0.00 : .

- w 0 &0 w0 0 0 0
AE i C 30ut HO 7.00 149sec|7EfY i C 20ul HO 80uf 100sec
TIME SCAN/SDCU 08/02/03 09:57 TIME SCAN/SDCU 08/02/03 09:46
0500 000

L3 A

YT S pommeeo. pomeeeoo.

0,000 : : - zoo W &

w0 (] 0 i

ﬂ\—[’ujl:]” C 20/,48

H,O 8.0uf 98sec

FEFEHC O 1.0p0 HO 9.040 68sec
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SCAN/SDCU

TIME
0.500

185

0,000

sec 0 200

400 600

P C Lopt

H,O 9.0ut 66sec

27 B AR [ 8B 5) 47

(F<4-3) © B LS IRV SR )
. 4 g
g8 6.7559 8.171 8.4901 7.7731 8.5800
R 6.7559 6.9937 9.0905 8.9232 7.4985
LY 6.7559 10.2582 9.8008 8.324 9.6158
(P 4-4) © o BN PG [HIERD UV A GOt DR R 2F ¢ 7))
S 1 # N N N N N
111 119 126 109 104
g (# & 4pt+k 6p0)| (38 & 3pl+-k 7u0)| (8 & 3pl+-k 7u0)| (3 & 3ul+-k 7u0)| (3 + 3ul+k 7u0)
111 88 79 88 81
kE (# & 4ptt-k 6p0)| (38 & 2u+-k 8ul)| (4% & 2ul+-k 8ul)| (3§ & 2ul+-k 8ul)| (4 4 2ul+-k 8ub)
111 121 130 113 113
LY (# & 4pt+k 6p0)| (38 & 204k 8ul)| (4 & 2ul+-k 8pul)| (3 & 2ul+-k 8ul)| (3 + 2ul+-k 8pl)

( 4-5) © FrED BNERVECE VAR =

TIME SCAN/0

0,500

10/11/03 11 113

400 600

400

600

IME SCAN/0

0,500

ABS
0,000 .
sc 0 200
FriEd B %

21



TIME SCAN/0 10/11/03 13:43
0.500
85
0.000 . T
sec 200 400 600

0.500

885

0. 000

TIME SCAN/0 10/11/03 14:09

0 200 400 600

ATdES R % PMoh 1A

ATdE S R R Mod 1 A

TIME SCAN/0 10/11/03 14:26 1L.500 gy o
1,500
//-"
8BS
0000 —— . :
000 b=t o R w0 b 400 G
w0 20 400 600
MpEEH R R e 2 A AR I N S
TIME SCAN/O 10/11/03 15:02 TIME SCAN/0 10/11/03 15:16
0.500 0.500
s s
0,010 =P mm=ceooo. 0,000 . i
@ 0 0 400 600 w0 0 400 600
> N . N N > N2 7, ~ N\
Fr#EH B & Mol 34 TS R % HA 3 A
TIME SCAN/O 10/11/03 15:30 TIME SCAN/0 10/11/03 15:41
0,500 0,500
83 BS
0,000 . ; 0,000 - .
s 0 a0 400 600 s 0 0 40 600

ATdES R R ML S A

ATEES R R ML S A

TIME SCAN/1 10/17/03 15:15

050
85

A0 pamacloo- poscooo-- Fos===aooe
w0 €0 0 0

TIME SCAN/1 10/17/03 15:28

0500
185

A prm=rtoms eladediebetebull foooooee-
w il 10 60

HR % kE1A

HR % kE1A




;.1;;0 AN/1 /177 O.l;SOSCANll 10/17/03 15:52
4BS 4BS
0.000 . . 00 foo=rmmmmmmmmm o ittt
s 0 a0 40 600 w0 20 400 600
HR 5% kE2A HR 5% kE2A
b - w
8BS 4BS
0,000 i i 0. 000 . .
w0 m 0 600 = 0 m 0 0
HB % kE3AL HB % kE3A
. - o
8BS 4BS
0.000 . . 05 == ooo oo ——-oooC
sec 0 200 400 600 sec 0 200 400 600
HRE% KESAE 2pul+-k8ut HRE% KESAE 2pul+-k8ut
3. f e g [ g e
(F 4-6) ¢ EER PR (AR £ B (T )
il =
B, O \ \ \ \ N\
TR M 0% 1A 2% 34 >~
Mk 13.5165 8.7514 8.156 9.5495 6.6063
kR 13.5165 9.9683 6.9974 7.7465 8.9028
IV 13.5165 7.4011 10.7401 7.0006 7.809
(< 4-7) ¢ A (T E R D UV S 7%%@&"&% [J(ET 2 F )
*‘Jp =
ﬁﬁl{% + ¥ Eﬁ [l 0 % 1 & 2% 3R 54
65 135 157 80
Mok 0 (& % 10pe) (& 4 10pt) (& & Spl+-k 5u0) (& 4 10pt)
158 61 58 130
K 0 ($64 S0tk 5u0) | (34 3pe+-k 700) | (B4 3pl+-k 7ul) | (# 4 Spl+-k 5u0)
144 89 105 92
IS 0 (# 4 10p0) (# 4 10p0) (& 5u0+-k 5u0) (& 5u0+-k 5u0)
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( 4-8) * priiE | el == 2T U Afpiga 1 ) i

TIME SCAN/SDCU 08/03/03 13:39 TIME SCAN/SDOU 08/03/03 13:26
0,500 0,500
185 185
0,000 . . 0,000 . T
@ 0 200 40 600 s 0 200 400 600
R LAe %
TIME SCAN/SDCU 08/03/03 12:27
TivE soav/spcu 08/03/03 12:50 0,500
0,500
85
1S
A pemmanas Fe=sassss Fe====c==
0,010 e 0 200 40 600
s 0 200 40 600

LR R e 1 A VAT ke 1~

TIME ScAN/SpCU 08/03/03 12:00 ThME scan/spcy 08/03/03 12:13
0,500 0,500
45 4B
A == m s B e [ S P
e 0 200 400 600 e 0 200 400 600
QX B e N Q=B s N
LAT K ek 24 L3 ek 24
TIME scan/spcu 08/05/03 10538 TIME ScaN/spou 08/05/03 10551
0,500 0.500
85 485
0,000 T r 0.000 . r
e 0 200 40 600 sc 0 200 400 600
s - PR o s - Y N
LRSS ek 3 A VRS oL 34
TIME SCaN/SDoU 08/05/03 10351 TivE scav/socy 08/03/03 13:14
0,500 0,500
485 485
0.000 . . 0.000 .
sc 0 200 400 800 sc 0 200 400 600

LAC & ok S A& N LY o) S
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TIME SCAN/1 10/17/03 16:53 TIME SCAN/1 10/17/03 17:04
0,500 0,500
4BS 8BS
0,000 . : 0.000 . -
sec 200 400 600 sc 0 200 400 600
LR kE LA LR kE 1A
TIME SCAN/1 10/17/03 17:20 TIME SCAN/1 10/17/03 17:33
0,500 0,500
8BS 4BS
-0, 0% 0,000 . .
o w0 0 40 610
LER kR 2 A Lk kE 2 A
TIME SCAN/1 10/17/03 17:40 TIME SCAN/1 10/17/03 17:49
0,500 0,500
485 85
O el 0.0 : : .
sc 0 100 200 300 400 ] 100 200 300 400
Vi k3 A L3R K E 3 A
0,500 L0
s 18
0.000 / 0.000 , :
w0 100 20 300 400 w0 0 4o 610
NAEE RE S A ViEE kES A
4.5 FApPsa (ko)
( 4-9) @ Zp& FWapdes PRV B EI(FETEE 1 )
o .
i E‘”‘-}EJ . R E‘ijt ﬁﬂ 0 /47\ 1 /47\ 2 /47\ 3 /47\ 5 Aa\
i
s 13.5329 12.7458 8.7456 9.9471 11.8386
KE 13.5329 7.6929 10.0624 9.7897 9.7115
VS 13.5329 10.8239 10.9021 10.003 9.908
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=

b H A

4

[

SRR UV N s IR I 2 A

(< 4-10)

T
2= £l
’\L&—g‘ | E‘Jj ﬁﬂ O Az\ 1 AJ\ 2 /1:\ 3 /1:\ 5 Av\
ey
T
Y9y 100 100 77 54 59
, &
2 100 50 38 58 26
PPV 100 83 96 96 70
. A —J TEt 5 o —[ ;< = s [ ), -
(F 4-11) * P AR s ]
TIME SCAN/SDCU 08/02/03 11:45 [ TIME SCAN/SDCU 08/02/03 11:45
0.500 0.50
85 85
0.000 : . 1.000 .
o m " & s 0 0 40 610
T E i i E
TIME SCAN/SDCU 08/02/03 15:17 TIME SCAN/SDCU 08/02/03 15:07
0.5 050
S i3
0.000 i ‘ 0.000 . .
w0 200 40 600 s 0 bl 4 00
Mk Eae 1A Beh Fae 1A
TIME SCAN/SDCU 08/02/03 18:38 TIME SCAN/SDCU 08/02/03 15:26
0.500 050
s s
0.000 . ‘
O.ggg 0 m 460 600 -] 200 400 600
ek Eie 24 Mk Eie 24
0.500 0.500
RS iy
0,000 . ., 0.000 .
w0 0 40 600 w0 a 0 600
Mk Eie 3 A Bk i 3 A
0.500 0.50
85 1S
0.000 . . 0.000 .
w0 bl 40 600 s 0 u 40 600
Bk Fie S Bk F v 54
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o i
485 ABS
0.000 . . 0,000 - T r
- | 100 200 300 400 sc 0 100 200 300 400
Fie k1A TSI
o B w
8BS [
0,000 . . r 0.000 . . T
sc 0 100 200 300 400 sec 0 100 200 300 400
v k& 24  samplelOy L i K 24 samplelO €
0.500
4BS
485
0,000 - - .
s 0 100 200 300 400 000 == e
sc 0 100 200 300 400
% k% 34 samplelOp % k% 34  samplelO g€
v R o
8BS B
000 P R e 000 hfmmme S
sc 0 100 200 300 400 s 0 100 200 300 400
v k&% 5% samplelOy v KE 54 samplelOpl
SVNF = pluss [T
(F< 4-12) = pZ = Pda iRV ErEN (T )
"JLI 2
Ry - oy 0 A 1A 2 A 3 54
>
Hek 11.6582 10.4895 10.4601 9.6254 11.0766
K 11.6582 8.3864 8.6938 7.8237 7.1657
LY 11.6582 9.4484 10.7249 11.2784 11.3203
(F 4-13) * WA S =T CE DY UV M R R THIGH T 2 7)
. g - 0~ 1 & 2 A 3 A& 5 A
S, T ke (i 2pte ke o] (2t ka0 (B2t k0 (B2t k80
Vi g8 19 76 100 123 134
kE 19 72 85 100 80
Y 19 49 64 99 124
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( 4-14) P2

SRR RN g ﬁu [ JJI}j_}Jﬁ%ﬂ

TIME SCAN/SDCU

08/07/03 14:31

TIME SCAN/SDCU 08/07/03 14:41

0,500 0,500
8BS 4
0,020 0.000 . : :
s w0 100 ) 300 a0
TR S
TIME SCAN/1 10/18/03 13:46
.50 L0
6BS S
0,000 . . 000 P I I I
s 0 PA) 400 800 w0 a 40 600
oA 3 A N MNE 3 > \
ez 3+ RFESA ez 3+ KFESA
TIME SCAN/1 10/18/03 13:21 e scan/1 10/18/03 13:33
0500 0.500
i8S i
o5 pemasts TR
w0 0 a0 8 = "
1.0 % 3 , A 3.0 % 3 , & N
LA A v EF RFE3A
TIME SCAN/1 10/18/03 12:56 TIME SCAN/1 10/18/03 13:07
0,500 0,500
ABS S
0,020 : ; A0 pemetom- ELEELLEES EEELEE e
s 0 200 400 600 @ 0 W0 40 B
£ 3 ;& A - , & N
e MEF KR 24 beMFE I k24
TIME SCAN/1 10/18/03 12:20 TIME SCAN/1 10/18/03 12:44
0.500 0.500
s i
0.000 : : . 0,020
w0 100 200 30 40 s
> - _3: N >
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CORER R

A MV > IS P SR

TEHE N [REVESE - [y s S E
el PpRE S % C Y H [%jtﬁb'gu“’?/wjﬂfgﬁ%’?’f’ EARS 1_3@} e RN
L ERRESE Hﬁfﬁﬁ%ﬁ”W [ o @i‘ﬁ*ﬁﬁu TR T (T

FJEFJ TS > T JDJH—!‘_J
Hilt wWW@FMﬁ%ﬁO
i BN =2 3

F kT i)

LRI
?JW*[Jir’ [ Fﬁ

» [FEJF' BE7T = by #[
LR E J[Lzﬂrrf’ﬁﬁ%

RIS BB IR (L B

B EREE P (I R R R
SRR - P T (A

1.8 B

fi
(e 4-15) ¢ B BURHRE [~ WER RS S C PR (RE TR (T mM)
~ "J]:I 2

Ty » H g 04 1A 25 30 52
yiig)8 0.503 0.721 0.766 0.658 0.626
KE 0.503 0.7875 0.702 0.7875 0.721
Y 0.503 1.101 1.1865 1.025 1.025
(F< 4-16) * TIRAEVER S l'“Ef'lEAHuﬂd EIF/\[TE[FJ PAESE S C s T
(HIh: ng)
72 JJD ;:.::Tx N\ N\ N\ N\ N\
Vi g8 458.6332 543.8029 555.5302 521.4496 449.6752
KE 458.6332 693.6243 475.6966 543.6391 592.2998
IRy 458.6332 661.1452 745.7391 758.5296 656.6276

o B R LY e [ R
ﬁ# ol A SRR Blda f“?FII*%WT'

m 30

5w /._’-‘\’

g‘d_ 600 .

gg _ 500 k& '“\. —e—jjlif

g < 400 —m—

@ 300 F T3

oW

S 100 f

&= 0 . ;

0 2 3 5 6
PEFIGY)
(B 4-3)
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N

E %'%Eiﬁ@ (MR T
HER L g 1 @lﬁlﬁugw“i FIERE [ (fLRLIpEZ = 5T 4
[E3ibln “riw PO B R -

NERAFRFE F - RLE s = o)
# % A Fr“zé‘l #[

SR

2. [
(e 4-17) ¢ EEPUPRE [ I BRI Sk C PR [FiS 10 R (AP 1 mM)
JI I
“mi‘lﬁ Eﬁrm 0 %~ 1 & 2 & 3 & 58
Y9y 0 0.1138 0.2468 0.5772 0.1423
KE 0 0.581 0.354 0.335 0.4746
IS 0 0.2639 0.1594 0.3796 0.3302
(< 4-18)  PIRESECEIR [R5 o ERUEIORES % C o o)
H D ue
. g
/\E‘E‘}EJ ﬂj . o E‘ijt réﬂ O /47\ 1 /47\ 2 /47\ 3 /47\ 5 Aa\
>
Mk 0| 80.10238 186.4012| 372.3286| 132.6867
KE 0| 359.0341 311.6358| 266.3913| 328.3839
Ny 0| 219.6463 91.4241| 334.0194| 260.4728
' HERRN A L ‘/#ua?w“?pli%kiﬂ
R R Pldi f“‘iﬁl‘i?&iﬂ
= 400
3
= 350
S | //‘\
?; ol \ _’_YTIWFT
g 200 —m— L
& 150 P
3 100 f
£ 50 7
z o
0 1 2 3 4 5 6
IPERTEIGT)
(B 4-4)

ﬁﬁZ' -

A F RN s (TR = 5
tH ! [H‘%“Eﬁ #ﬁ’f% PEA
lﬂmgff“ LR PHREIRSSET I BT el AR E RS (I T
LB 2

VR R [ P R B
J f EJEEFN H r ET/EE%N rIE—IE[m TU#‘“;‘ lm 3“[5: ’
l SRR
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3.2H%

G 19 R IR EACHES . C R (RS 2 b

7= JD N\ N\ N\ N\ N\
“@i‘ﬂjﬂ EﬁF 0% 1% A 3 4 5 4
Vi g 0.1803 0.1803 0.1366 0.0929 0.1024
K 0.1803 0.0853 0.0625 0.1005 0.0397
Y 0.1803 0.148 0.1727 0.1727 0.1233
(3 420) © TIEEERIER [ ~HBR 15 Ju B AR S C i [ )
(HI T ng)
i JJU 1:::1‘ N\ N\ N\ N\ N\
L . Fﬁﬁﬂ 0 % 1 4% A 345 545
Iy
Mok 82.07021 87.13835 96.21478| 57.53074| 53.28198
KE 82.07021 68.30298| 38.26125| 63.23789| 25.18169
IRV 82.07021 84.22842| 97.58047 106.3513 76.65805
b B AR PR [ A
HE ‘ﬁﬂpn VR g I'hffl[%%‘zy
o 120
3
= 100 ——
S e
@ 80 ~e —— i
‘ﬁ 60 m— ——
&) ~_ = ke
/ TR
£ f
W
£ 070
0 2 3 4 5
IPEFRICT)
(@ 4-5)
= =i
fes
e ;ﬁﬁpﬁiﬁuasw ARTED = TRV o PR ERLTE Wﬁﬁﬁ* » KIS
g

% o
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Fj“i[“t::, gl Jf‘ EJFIJUPW% AN U
mpﬁ R RN g

, ﬁl UF[’T% IS inHFL M




*’_;Dflx[\[_l} 3

(e 421) ¢ U ede [ S BRI EPRORES Sk C ode (2 10 i

(H15 © mM)
pe J{I N\ N\ N\ N\ N\
m‘%fﬂﬁh}t Ejj F O /o 1 /o 2 A 3 A 5 A
Viig): 0.132 0.6735 0.9015 1.12 1.2245
kR 0.132 0.6355 0.759 0.9015 0.7115
LY 0.132 0.417 0.5595 0.892 1.1295
(3 4-22) = IpPEVECE RS = Hhe 15 o oy AR ERE S S C lde o=
G
i JJU & N\ N\ N\ N\ N\
2 ) M 0 % 1 4 2 /4 345 5%
1y
Vi g):e 69.74662|  395.5155| 530.8974| 716.7702|  680.9779
ki 69.74662|  466.7891|  537.7901|  709.7972|  611.6416
g 69.74662| 271.8683| 321.3568| 487.1897| 614.6233
N R e [
RISt £ e e
)
=
i
5
TJ
\15; —O—YE[?F\I
1 R
Rl
=
%_ .=
= ol
0 1 2 3 4 5 6
IPENREIGT)
(I 4-6)
u i 4

ijfii*@%W%%%$ﬁwﬂkWW$b¢ﬂﬂﬁ*%7wﬂwﬁ
AN BRI RE [ IEAE PR T 20 FEVRETE 70~90 1 g At
1Oﬂmwwﬁl’1@ﬁﬁW*ﬁ@mﬁF@< [ 12

By > T IPERC SR YR R I#%ﬁ ’J\f#ﬁ‘hsﬁ [
AL H‘ﬁl‘lqu"
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PEGIEIGY)
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(It 4-7)
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PEPEICT)
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PEEELCT)

(i 4-9)

TR

ﬁg; T F TN IR (1 G IRERAE S Sk C ot B SRR 5 - {LORLT
P E PR RERRSRR R (0 IR | T MR i {40 >
e I E RS et & R U E s AR = D g

T RS BN R EHRE SRR o SRS
B sy s 10 (1) DU B [ VRS -

QEVECEI e BN L - ARSI e -
AR st S > Bl TR PHEY TS TR R - FE T A sk ]
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LR ] A (TR pH > BRI A R
S TRk T B R = o7
(- ) BEEERT
K~ IR g BB NS S RE R R RCR o W pH=2 [T
AT R IS 37T » 1SR T~ R [
Pl HCLTIRFEIFE 20 ~ 40 ~ 60 ~ 80 536 » WM =5 7 F [FIADFARY T2
Besh T pSY ) e IS TPV -
C il
1AL pH=2 [IORRPRT [k > - BEIPEIR 37°C -
2. AP P ARSI A [ A 90 Sh i
(=) HREH R
LA )
(DFFIER] 0.01M [19 HCI il » it 37°C 2R L -
@Tﬂ%z@j»&?f F[Ljﬁﬁﬁ;ﬁ:{ﬁ\[ ’ #?gﬁ 7J‘<$/'J,f]§;];| 1=« I&“gjﬁ EX7A I'ai';—JJF[g‘,E\jJ;
> 1T A ORI
QEITV 30 2 F AR A U fﬁg@ o
@7 P | Hl B IR - U 30 2] 9 0.01M HCL =7 R -
QR Tl HCLT] B 20 ~ 40 ~ 60 ~ 80 53 4 i -
2 2
<Dﬁﬁﬁﬁiﬁ%éﬂﬁﬁ§ﬁﬁ%£‘ BECATE > TR 5T 9000 - EES 10 54 -
QI R ST SETERCHIE - R -
3HIE R
DRHE R 17 HE -
QB TR 53 o7
Wﬂﬁ%%ﬁﬁ
- BB G5

(" i)
P . : 0 20 40 60 80
Prig<fl 8.1 4.1 3.6 3.2 2.9
MWK i 9.3 4.5 3.8 3.4 3.1

PS A< AVECE W R SV [ (g g g ] e R R T -
=~ fEER (R 5-2)

) P, (3)

m%% . Mo 0 20 40 60 80
=

i< pl 5.8 3.8 3.5 1.8 14

s = T 4.4 3.1 2.8 1.5 1.4
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= FE R (53
Mo G
ﬁﬁi{m G 0 20 40 60 80
Pl 6.7 2.4 1.6 1.2 0.9
“fF 2 ik 6 2.2 1.3 1.1 0.8
P AN T (B 5-4)
. G)
f‘ﬁzi% . 0 20 40 60 80
=
Pl 9.2 5.6 4.3 3.2 2.1
s = T 38.6 10.2 8.3 3.1 2.3
B U IR
1
—~ ~
# g SN
i g i \
i ~
0 20 40 60 80 100
Pl GiE) —— i
—s— 250 8
(i 5-1)
FERRE (AU
__ 6
=
4 %Z T
E T e S—
0 20 40 60 80 100
SLAGED DA A
—a o 2 TR

(it 5-2)
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