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(The Development of Automation System in Water Supply
and Light Environment Management for the Production of
Sprout Vegetables by Drum—type Rotary Facilities)
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SUMMARY

The consumption of the sprout vegetables has recently been increased because
the customers want safer and higher functional foods.

Drum—type Rorary machines used to produce sprout vegetables for mass
production were introduced. Drum—type Rotary machines have not been invented
in the domestic industry. They are all duplicates of Japanese or American ones.
The merits of decay-preserving through a quantity of ventilation and a
sprinkling cooling system, as the reason why the product machine of sprout
vegetables by Drum-type Rotary machines is moved periodically. But there
1s lacking of automatic control systems for the supply machine of adapted
waters and humidity according to the size of seeds and growth steps. And thre
is limited reasons in production of high quality of sprout vegetables through
the insufficiency of quantity of lights and troubles of control about the
quantity and quality of lights, in case of itemes needing of coloring.

Also, the existing product machine is inconvenient in working of seeding and
harvesting, and it is required the many times and much costs in management of
public health after harvest. Now we need a domestic development of the
product machine of sprout vegetables.

Therefore we developed a domestic machine which could use for the final
consumer and we carried out the development of cultivaltion system possible for
the remote control about the condition of temperature and humidity.

And we brought the satisfactory results as follows.

1. We changed the existing large fixed drum type machine into a 5 new circular
type drum cell enabling it to harvest separately and to be rechargeable. This
newly developed machine makes it greately easier to seed, to harvest, and to

clean up. As a result, the quality of the sprout vegetables tangibly enhanced.

2. We developed a suitable environment and physical characteristics for the
growth of sprout vegetables, shortened the production period, increased the

quality, and promoted coloring.

3. We developed the middle and the small typed product machine of sprout
vegetables, and could supply lunch meals for the elementary school, middle
school, and high school, and for the group meals, specialized restaurants

directly. As a result, we could reduce the process for multilevel delivery



system.
4. A humidity control system and an artificial—light control system with light
module type were developed. We analyzed the wavelength spectrums about the

manufactured light modules and introduced a high degree of efficiency LED.

5. We manufactured an Embedded Control System which could adjust the
optimal ouput by processing the water and temperature signals from the long
distance. We also designed an optimal program which could monitor the images

of the various sizes of sprout vegetables in remote distance.

6. All the seeds of six sprout vegetables were germinated within 3 days after
seeding even if there were some difference among the LED light colors. Shoot
length of the wvarious sprouts in 6 days after seeding was most grown when
alfalfa and red radish were grown under green color light by 2.54cm and
3.84cm, rape, red kohlrabi and broccoli under white color by 2.83cm, 3.02cm and

3.8cm, and amaranth sprouts under red-blue colors by 3.08cm.

7. The germination speed and growth of sprout vegetables were fast, but we
found many functional materials at 20C disposal area in case of samples, and
26°C disposal area in case of Ethanol. K and Ca contents in broccoli, amaranth,
and rape sprouts were extremely increased when grown under yellow color
light, However, K, Ca, Fe, Na and Mg contents in red kohlrabi and red radish
sprouts under blue color, Cu, Zn, Se and Pb contents in sprouts were not
affected by the light.

8. Total amino acids contents in broccoli sprouts were almost increased when
grown under red color and green lights, those in amaranth under white and
yvellow color lights, those in alfalfa under green and white colors, those in rape
sprout under green and red colors, those in red kohlrabi sprout under green and

yellow colors, and those in red radish sprout under red-blue colors.

9. Total phenol contents in broccoli, red kohlrabi and red radish sprouts were
extremely increased when grown under white color light, those in amaranth and
alfalfa sprouts under blue color, and those in rape sprout under red color. Total
flavonoid contents in broccoli and rape sprouts were much more when grown
under blue color light, and those in amaranth, alfalfa, red kohlrabi and red radish

sprouts under red-blue colors.



10. DPPH radical scarvenging activity in broccoli, alfalfa and rape sprouts at
RCsp was most lowest when grown under white color light and that in

amaranth, red kohlrabi and red radish sprouts at RCsy under red-blue colors.

11. Tyrosinase inhibition activity at 2,000mg-L~' in all the sprout extracts by
methanol was no more than 22.5%. And that in amaranth, alfalfa and rape
sprouts under green color light was 4.4, 8.0 and 22.5%, and that in red kohlrabi

and red radish sprouts under blue colors was 12.0 and 18.0%.

12. All the sprout vegetables had the anti—microbial activities against the gram
positive and negative bacteria by 8.0~13.7mm inhibition zone. However, the
extent of anti—microbial activities were different by the kinds of the sprouts, the
microbial strains, and the light of LED.

Synthetically speaking, we changed the large fixed drum of current machine of
sprout vegetables into the 5 new circular typed drum cell system, and
developed the technics of remote control of lights, temperatures, humidities, and
electric controls. And we reduced the delivery of distribution of sprout
vegetables.

We reduced the steps for multi-level delevery system. This enables as to
expand the consumption of sprout vegetables and to contribute to improve
people's health.

We hope this study contribute to the development of the vegetable industry.

Key Words : Sprout vegetable, Drum—type sprout machine, Embedded Control
System, Artificial Light Source, LED, the seed germination, flavonoid, nitrite
radical scavenging activity, total phenol compound contents, tyrosinase,

nutritional composition
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T ASAAANA ENFF T fFAE AL A, TRA R o] G E A TE A Re] B A Q)
Av FaREE FFY vF, FF € FF 2dY T so= Qs FIA
< 1FZY AFE AAste=d AgsRlolHw, AFFAE AF BEUEHH AlE
o] HA3] 875 e A

U BAAAHAHE T4 R 7S Hed

O Ao dAakd, &, Z, Akl mE SeE 2 e 29 59
AF GFES AdE= FH 100% 42 7Hed AFAE 374 A
AL =5 e A BF 8 dFed Hste 204, dEL 108 A=
710l A Adso] FAst Hol AR, Sel A= 2004Lﬂ THHEE At
of ZleAE BEd §lo] 4, v=o 2Ry Yl 717, T4 5ol A FdEA
2Y FrblA AldtHow AidEo] ghow, wekd, 8 Y Je FE2
¢ v FaH, 2RGA N &

273
[4E

O HZel w7t Bg%7] A& =7 3142 AR dujs did AX)71
Aol 1,500~2,0008F1 0.2 wj- 3L7}o|m, o] F FAAAE &-&3te] Wi A
Azsta e A= 14 WHHWHOIU% Ur e As9E 7171(a3d
9] Fu| F)7F AR H L U

O ="(drum) 344 AR AT BeAggA et dedd=d g
= *H’”«l At Fde 243ls 4 AulojAt =tst Ho A &
TH7IAA S Be= A FFHAAG AP HH FEA R UATFL
Av) = AE3 AH7E wHEA Z2EolA glol, AE FFF AZAALY A

galol Ha 3=

O Addulg 78 R AFFLY AsA\7t 7@ A el A4
of A9 AFS HAAs AR ARFT] @F, AP Sd, FAFHE
& R W71E #ZD), A4 P& FF F/PHA SOVt Jbesta 53], sEx
A, 3 Az 87Hs =8 A ¢ flenE ARAL AitsThe]
BIE s T 49 #esh, asspt e

O

A
s

AFete AFAQE 2L AEAZ(2ALEEY 30% o) A7t

o
g AZAE AJQFLE IS F UeF By AAAL A

b
O



A, £4 Bgol Be 44 FAEH} GAH, 183
85 5 HA AAEH) 2 Row 4

A3d. AF/NEe HeY

1. 70T AF

(2 g ARz AL (§) H2

& A
<I9 1-1> U B38 =913 14 A4 A7 A

O 71&9] ARALE AN 5 Ae 7IAXNZ="(a" 1-D9 49, Z2dd
E]E

= Zg7tRYolE 97 (covering material) @ SUS &4 (frame material) 2

F AR Hof Y AR

—
tote
ot
o\
_>|~1_‘
—m
A
ol
—
o
l
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o
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O wahr], B Apos A7 28 1-29 e 34 7H53 =do] 7+ Ao



TEAMYG PG| =(LED) &4 R 29F HAY FFXEVE FHA
A AF A& FAe e7HE F&, T8, FFE ATA Jed A
NAXNZEE 5 HEFo A AETEE ARAHL kel Thssta, At
4 T, AR R Y ade] w2 AnE LA oy, ofd AAA

Fe A
44 AFAF ®UHY Tzadoz yuuIN2de AE 2U"Y s

A g BER AT AYL FA=A G

(B) w= 7|4
A FEAA(HEEE AR

G750l Qe AlsEe A

S L= =
» LED % B4+ 3§ AN : AFY2 47 /02 798 ¢ At
PHRE AT BESE P 34, A4, H9FUe 2dste] spA G
A4 gejo] s ANM(AM)o] AL P s, ARl PRY
AdE AEAe] B 5 e Axd mES Az
» AFAFY BUEY A2 AL ARAL YNTF] AKUAE &
%, 5%, QA HelEE QutE Aojrust fulAHs A YEHD

(USN)EE=E FalA 944 F4 FAlete] 94 EUHY 7Hse A =ds
R

— Egge A g PG
— LED Z3 % =N =
— /\H



Hod =uie 7|eiy &

WAz AN B E A2 A AKE oA WEL 4GS ol g3

= Row o ANE auEe] & AW AFomA gAd FEe AuA L
7h 5ol A Thre el 2nE 3
2

A TtHBae &, 2008; Lucy &, 2002). &9
dolg FAsleE avRtEe] o9k

= aolE &7 Fopok ¥ HEE AN 5 AEMAY 27
S AES ATHoR aTPl wek ARARY At =2A Fsn Qo

(Choe &, 2006).
AN 2ol o] &EE= A= A, T FujFE F2u, Wl =5 2 Ax 5 o
Fe TR d=H, 1 F FEvEl A Bol o] 8Ha e %%—t— Hiiﬂ o}
npgka 24 okul SA] A Zahd] @ Boed Zo|th(Bae =, 200
A HE A2 A e g HAVEE FEHE AW OPULLL*J, g3}
E, 1uE, vER 2 EdE 59 B A EES T Aol 7
A S BE B low(Feng, 1997), thHa vlECAM dubd o ARt
oo WojH I Qth(Park 5, 2007).
MAQ e FA A Hold RS o] &517] wEo AH“HHigl FEAQ A
= “é

3 sREde] dow £ F 9
o)

9_8
il
O
%
2 -
>

o kst aHlol g84 SHlA EA o %)
o] wrofo} A @S mA = FAHANLS FE, 2k " FxRd Folth o F
Fe FA Hotoll a3 FFe VA, F A Holsis e TFE TA
T gol Tk sk, o] fle AHA wotste TAE FHAY FA T
ool FAE FR3FL AtH(Kwack® Kang, 1985). Wyilto} 2= Fylo A&
phytochromeo] o} efe] whojatm, L2 Q] Holl ofste] oy} Zx1H ALy <

AsE Aoz 4 Atk (Maneinelli 5, 1966). T FAbol| A o}l A4k x
Fe A& AWe] phytochromeo] et F+8&4 o] & X, o]z A
e B A U A AR AEsh, Ay B A
= 98S v X (Fankhauser®t Chory, 1997; Hopkins, 1999; Kendrick¥}
Kronenberg, 1994). o]¢} o] A& |Ae] FAdole} AY 18il 7|4
gl m A= Feo] o] olHF Tk ALY LA g FS o] &3}
= AV AT AT S F o2 A e AAoth

)

st FH - gEstE]ar 9l LED(light emitting diode, &3 tlo]o=)& A& 9|
Fed 2 A a3 g urs b dAlg o AE AudA 54 349
e Zte F dEo] Jheetthe A, 24, Ao R ddsyt Jhes) Aoy
AR 2 A7 eF 2ol vl A FE IR E8F £ e A, AA, das
WAkeA] exom de AREo] V[EFLY Ayt o]gte] FFEoldts A, A,



o] RkgTA ol o 4 (Hwang 5, 2004)0] lem= AL Aujalr =
A FE 018 7 s AoiH, AuiEAed met stEd For Add 5 s
Faol gl A AAA s Aufell A FAre] dotet B T2la Ve =
A el B3 dF A= 719 jle AAolth

A1, MFR L9 o]

AR s A4S F2 S ATk AdeA zdEeE 45 AW g
e 4 e AN EeH, a3 AZRe udnd AaRA 59, Adt %
2, AREel AQlol sbE F o 4~7dold eho] Thgatal mIE, xEol oy A7t
B Q8 AY A SEE o] Fast FoodZ2H %= 73S whal 5, 2007). ¥

9

LT 5,
ARE AR A AAH A EFT o] HAAG HAAESY WE JheAo] =& AFol
HLucy &, 2002). Lo A9 19980 A&AAL F F Ao EAse
Salmonellae  sp.®¢  Escherichia coli O157:H7, Listeri monocytogenes,
Staphylococcus aureus, Bacillus cereus, Aeromonas hydrophila 5 2314 6,000
g o] 2l F o] WHAES T (Himathongkham 5, 2001; Yoshiyuki &, 1999). Af
AL SAGAANATE v Ed o5 vlg & FEOE Qo] glo] Uyt
A 0.5 Pseudomonads, Coliforms 2 Lactic acid bacteria 5= X34 3~6 log
CFU/gel W9E Yebdthi(Matos %5, 2002). o] A& Lol AMEHE F242] A
T o] QAo &aL, AFEo] 20~40TC 9 &%, 2 FREIAAEY =4
ANA 2~7L7Ee] Azl aEHH, od UL MAEY HA AFxAI
A7) WEol v (Fu 5, 2001). o] wiizoll A& Aell theh Ao v AR
Ao MAES ZHHoRE Aofsty] §13F WRio]l AAEtaL glom, HAES Ao
a7 gk dEAdd WHeRE WA 2ANBari &, 2003), UV A4, 7] &
A Y], dxg S A HEow F= A7) v AdEo] gt
(Roy &, 2001). W3k A& F2bol] gk vpFst shobs AtAe] A", A, &5
2 T35 T WlHol HAES Aol FHoEA AFEHI g e (Montville F,
2004; Taormina s, 1999), chlorine *2](Fett, 2002; NACMCF, 1999) ¥ 3]
acetic acid(Delaquis &, 1999), ammonia(Himathongkham %, 2001), A3jiF3}=
(Kim &, 2003), T2+ (Weiss®} Hammes, 2003), 24 (Kim &, 1998; Kim¥}
Kim, 2001) ol tig &7} Bag vp gl
ol 9} o] AjAALC] el mABEAo]] we A=
Akt AR SHCA As opH A= mEE Aot
E}‘“} FuEol Ao mAE Bl & (Park 5, 2002), AF Fx1e] wole] glof
2 AFzAEA JF(Hwang 5, 2008), Wolo] <& Fajo] AnkAgdE, A
Ab gl 1= 24 WSHKim S, 1988), AMAFTAS] FEAT N vX= #7] ®
71 AZvbge] @3 (Han 5, 2007)o] gk A5 So] o]Fo|xaL it}

i

wol glovk AAA 2]

==

o

[



7 H

]

Troll AV83et BR8] (Brassica oleracea)= JAS I A2 Holdt
7}# [B—carotene, rutin, ascorbic acid, selenium, quercetin %
glutathione 5ol W& sl o, ¢k B alFas4e F=adrt Atk (Lee
¢} Park, 2005)aL B ILE AN A58 o] A &) ofufe} 2859 (22 E L7
7h gk e o] Foixl )it
Al AR AE2 vt sAF Awde B 7] Fo] jlon, diE 5
A (B. napus)®] A#rol AFAAM HIFHJAS wE 2 GAE L H AL (Lee
S, 1988), A&fe Alm dilE Y SHA A (Kim &5, 1988; Lee 5, 1994)7F
o Folxlom A SWolAe] A= o] Fo|A A il St
ot ehM = (Amaranthus spp.)= P& A=2A4 2ol Al ofel=
oy dnjE3= F4olF oM (Kwacket Kang, 1985), &+ MRG0 2 o] &
Ha glout AL SHAA e AT o] FAXA kil Ut AldolAlele]
ko] Al AERA F A8l Gyl (Medicago sativa)9d AAStE A2 A F
&

2] (B. oleracea) 9} #2-A5F(Raphanus sativus) H=3+ <+ AN L= Fol o]
]

mlo rO

o}

ot

3}

o\

9 Qo Exuel, 4% R AR 54 Sl gE A7E Ad olfeld A
e A7olr,

A2, RN A2 FAgolst AA

=
0,

b S7hgkel whel Aol E&E 91 AL ARl A
Zwol A Fapdolel Aol g B A7

A2
$How oojA L ¢

Aol mEAH A SHoA Fapolel A Az qfdel] st
Yoon 5(2005) Zud Q&AL AA] 59 Fo w2 AL D FE ko
Apols 2ARSE A & 70g/m’e] XA HA o AAFE BAT A

T 2Eo mE AAAL AFe dojHs BEFo] 25T ofFollA F2 AH
o}z

Wl Wb Zed 2 30Te] Hlal] 25Cer MeoA £2 AFE BYlon, <
|\l A Ageld agel ofs] Aol HAHRAN, UV-Bel esir] 5ol
A 7k, el vlell o 2AA rutin ol @ekout el wE Aol

MBS JNEs7] g SN LA e Fabdolst Aol wad= o
A7t elFo =, Jang 5(2007)2 7F9] w8t} AE AR o] FApo}

= 2% B o dFS A Ay, AAFHE Haed, 9

E, AR, FES gxdA w2 TAWLES Hilon, I, VA%, A
TAIGLe] "ropsllvhar shgitt. 2R 15Tl 1=

77%(109), 20CellA v dZ 76%(44), 718Z 72%(29), 25ClA wul &
91%(64), AHAMERFA 90%(4Y), ZHAIF 52%(209), FF 51%(8Y)2] FHawol&



LR ENE
o

Uetdlon, AR Aol e ¢t HA &
2 30CoANA A2 o]

Kel
d, FES 200, A4AH, =, 718 25C, @)
Aol 71g S-retsivkal skl

Lee®t Lee(2007)= AAAEQD FEH Yol 2L, Edj=dold, I, 7I5v=, A4
o] AR & AAA] FH A TokES - F 1%-; 87%(20C), w=3f=golZ 85%(2
0C), 718UE 63%(20C), T2 60%(30C) L AZAHLE 60%(25C) o, Zo]
ZwoA AW 30CoA 3~59 A%, UMz 4FFE= 8~10¢U0] g3 )
7]17kol A ekaL shelt.

Jang¥ Lee(2003)= 754 AMAANLEE Y 7 A =53, W, =33
AEZe] Fapdote] wA = 25 9 Fo TS AbeE A3 HHAo], FRe -
dzgloll FAGlo] Wotels For Hal wolgo] HiAol= 20~25ColA TFF
S 14943 72%, FEL 25~30TColA 12¢€ A 97.3% 2] = @ol&S H AT
Gusw7), Rz BE T, Wz, Abuksts Frdol FAR Fasur) e
25Co A 14L Al 94.3%, 435; 30ColA 18U 7ol 81.7%, BEL 25Tl 16
A Aol 82.3%, Atatsl= 15C oA 20017401] 59.7%, w232 20~25TCe A 22¢74

o 15%, AT 15~20TCoA 169 Zol| 38.7%2 FHa wol&S el o
dhol 2191 T 3= 15CoA g5 % 164749 48%2] i wol&S YEW
gal skl

Kim¥} Lee(2005)= =%=9 Fxzio] A&l 541, 2%, 470, 7%
A, B2, guE] 2 WE G 8% FApwolel A#e] o] WA= dF
& ZAE AT meX 5 8% BT el nis] WA Fate] wolAy
okom, fralel olmze] T MwA g, VAxE AL, 19 5T
0C2 &=z 7o A wol7} k3 &lo %L,,ﬁg} ol x+ 30C, AAo], 7]
f A, EeAE 20~25C, el WS 20ColA Aol do] Ago] 7 G
stthar skt

g

~3

>~'C-)—|—|—‘

Ao g&4Q B A exe Fxd gd ATE
AR AT g E] tiito] AdAE AdAtdeA AFEHIoH, F2 P
ofel qhkol Fape] i Ao Mnt AAHLS ¥ LED Fol wpg FAb dopot
Al B3 A= Hol A 2 Aol

A3E. MFA LS FFEE



2o & EA st 2 &S 2802 3= ZA/A LFHE(Cho &, 2008). 1Y
B AR LE 712 Anss Gy AR ARo] Hug o]dfg 3}3h3 A
A Y AF B BF SdoA Fadk onrt dvk AR ALY U
A g tel tiaiA e w=s 4 (USDA, 2003), §h=d %83] (The Korean Nutrition

Society, 2000), EAEXF BAMNGYR S (Korea Health Industry Development
Institute, 2000)°4 DBE TFstal ot ABAHLS] JF Aol et A=
=3] Hlu|gk Aol

AMrA o7 A LE FETLF] 90% ]G
S} o HlERR A9F C7F Bl &
WA ol ghystal glo] IFFUIAY] £2 ¥
1997). = =7 2 7, ofF< AHFoR
2 71&olA At 5F(acidosis) S P o7|H o
g WeGHE A R RS dZe] 94 (Ca, Fe, Mg, Na, K)& H%F
shretal o] ey AHdstE WA BRF ofy e} of = Ao Afet e AX
Aol 5ol o] 285 FE HAYA a9%E tH(Greenwald, 1998; Montville 2}
Schaffner, 2004)3L &f=d], ool gt A A AH}= A gl AA ol

AR, SV @ AR ALY GdEH el #E ATEE FAY AlEAd =R
o] o] &H o] = FAY AF ol A Az APAak A2 oleic, erucic, linoleic,
linolenic acid’} Z+7z} 24.6, 15.5, 10.6, 9.5%°]1 2™, stearic, palmitic, arachidic
acid7} 27+ 1.0, 2.4, 5.3%°]| 3t} o} & A = 7 A Ak o]l B &
=4 Fasiorl 120412 = S7bshes A3 s U ow, A HAREe] Zol= ¥
2 §lAa, Holo] mE FUE FqF 27 AABE] Fastert 120A13ke] 9kt
s7tete A4S et Ea(Kim 5, 1988)7F vk E Al5olA s 9l
= ol e vle} IV (Brassica rapa var. glabra), 732 o1 &3 (Brassica juncea var.
integrifolia), R ZIALo) A7 2N ( Brassica campestris)®] ZAF rolA] Z=Fo] F-7]
2§47 A=ZeES 0, 10, 25, 50, 100mg-L™'E 348ke] wWolazl Ax A gl =
AT Boh of 2~45u 744 ol FE AT (Han &, 2007)= Hark glont

LED 3Fo] AAafare] Gl mAs G #3 A< A8 e Aol

)
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X
i
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(o,
o,
o
i
N
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v

a7 -

A4d. AR A BA

S, 2007).
Azl A BAL WA Akt HF L vhzel AFH] Qi=dl, naA,
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e
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N

rlo

N2

=

Abgh A ae GEA Q] WA vE ) mu 2
t FaFEE2 A 141011 1 & dsiAY =4
o= 4dA Jdom(Kim 5, 2005), At A4

o] DNA®] Atst# &4 A, microsome YW A&} ibse] digh 3Hikste
3 Bl Qri(Stoewsand, 1995). Fu|F= v s HAAs AEELS 9o
AAF o 2 A5, WA 3, NG}, wshiA| e kst wa¥, 71 9
utEo] & A Atk(Zhu, 2000).

wetylol| &sl= AN Y3 (Alium cepa)= BAE3E AHES UENYE quercetin,
rutin 52| flavonoidAdl &Zo] dFHo] A= Aoz LA dom(Dewanto}
Shetty, 2001; Park &, 1991), $5% 575, %ﬁLLﬂ}, ddAst av, AdaAAd
g odtay, akshag, detadrt e o= e A Avk(Bilyk &, 1984;
Rhim, 1993). Shon¥ Park(2006)°l] ¢} 43} o dolAH o] E, ogts 2 4 F
ZE = A=y = ZdH ol e 747 9.3~13.3% 2 159.8~584.1mg%
Heleolm, pH 1.264 HEA $3ke] dets 9 I F5EF 10m/mL H7be=
55% =] ofdAtY aAAES UEbTha selth ket o] wgtatel] Lahe=
vhs 3k 28 (Kumar$}t Berwal, 1998), &92-8-(Song¥ Milner, 2001), &<t
7828 (Briggs &, 2000), Z#l=HE A 828 (Gebhardt, 1993), 34FsFAHE-(Lau,
2001), ﬂﬂd‘?ﬂ&%(}{yo 2001) o] vhFgh Aol sl Kirwo] 9l

e ¢ *Mﬂmﬂ et A= o =l Heo 5(2007) w¢], H|H]
T, 3, &b, wEd, S5 1=, e, 33 2 Svs Sl
s HlERR C ?ﬂawr Hehs FEEY] Hs=dw, gy 2 Axsds A
g A3, gud AT dAsdEy Agdds vEudl=d, ERkAe 330t
500ppmell Al Z+ZF 86.4, 83.3%= X1, HIEMY Cx= 7FE ¥ 5% 31.3ppmol
A 81.8% Btz A% ES zka 9low BHTE 250ppmelA] 81.3%¢] A4S W
Aota sl = FEE dls] 2FY MEF(HCT-116), LM EF(Calu—6),
FHLAELF(MCF-7) w22 17k vkg-8 R 3itha a8l vl Chon 5(2008)2 H}
AF, Ak, o7, Al M), AME, T, w5, 79, v E, g2
A, Pol W S Qo] WEE FEEo] H YA 1+T(Calu—6)0ﬂ ]x] Aq kS
ZA}E‘L 7ﬂJJr AH]E 117510] _,—_/u] =i °H7

o

)
2
03&&;3&

_:

of gk ICsoake] 212t 25 ©]3&}, 49.2, 8
Ebllthar &kt

ole} o] AbAFU Aae] AYHTAHEH daide= FEHOR AT o] F
A ot H avZh F74skal AE AR A Al #d dATE A9
|FoA A &L 9low, 53] LED Feo] AMAAAe] Q@] wx= JFo
g A= AE fle AAelrh
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N o — i

dledeom FH5e Wi Jt(Heo &, 2002).
A]E’XJ‘/] _u/]- sﬂﬂ]}ﬂ ] /\ﬂ/\sl-/H ‘:oﬂ u]j]l: LEDQ] §37+oﬂ I:H‘ES oﬂ?.‘: /\1 15]

=

A= Q= AANA Aoz AEAE AdFFUdo=Z LEDE o] &3 A
o] Mitsubashi(F2)2] A ZFolALE o] A+ ZF- 1982 0]gh= o] & A7)
of EntEE 24A AujE w peak I 650nme] A wFriole =g H G

AT ATE W (Kawa 2, 1996). =1 Tl warho] o =o] o5k A Aol
A= 97714 Se) AN AERA ALE(CELSS) Bl 7149 Stz

= NASAS 715 e SHoE WYtpo|e =] o|&rbs/del dd AET}
12 R ow, A= AA Zd=elA A=A JedFdozA e A8 o] 7}
/gl 7ldE 3 Ath(Tanaka 5, 1998).

et s A ZA8el LEDE o] &st7] g A7 o] Fojxar Sl=wl,
Choi(2003)2 FF b=l gl e} ofzte] ShAlel7t Al =570e A4, 7ist 9 FgA el w
= Y AR A3 27)9 AR AMFoR FTd AYE Sls
B0l aL, v A=, A Fo] ofghe] ¢ dE = A A
*kom, g, GHA 2 Qo AT AETS AN A AAd M £
i 3}l Hwang 5 (2008)2 LED Plant Radiation System= BOD incubator
ol AAjste] Ao Fap oo WA= Fo FFS AR Ay, MG A
G stoll M= 85% ool Wolgs Hlou HAFo s wolAlrl AstE Ao
W, 2ANFNE AL BE FFOA Totrt WA grop Fell o3k ot &
7 AR H AL skt B Park 5(2002)2 Foll W& FuES] 4 AxsE =
AbgE A3t Fube A9 538Gkl = A MET A 508, 2 A FS 300
of 2a¥om, Aqu 7|+ T TlstAA = AMFI 2ANF A= FAFT oF
AgEn sl S AT FA FA et ASo=E yetar &3l

ol2gt Aol ETstal LED FxAF AR e Fapdolel AR, A
2 g Sl oW FIFS wA=Ttel dg A= AAA o] FoAAAA &
A= Aol
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g = 2A"E FH= gje 2 A¥EE 5~10cm HE oz 379 FE AlA

ato] 370 A AelM SAHE #he Hostel 5% voly @ge SAAR ko] AAA

dagF3t 57wl e AEES et

A el EolEtE fHt = Aojr=ol AN HESAREES FallA dA4A FA
sto] 97 EUHY bsd ALRe ARsA sgor, FR xge) A mm

@O 3 AA 0 SHT-75 (DC 24V, 4~20mA), Resolution : 14 bit
@ =244 @ SHT-75 (DC 24V, 4~20mA), Resolution : 14 bit
(2) v =A] 24
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= [D 1 B83-32 XH&4D}
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g g 7 P/S DC24V
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2 2 8 1/O BOARD
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DUCT 40W ~60H
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TERMIANL TERMIANL
ADDRESS | TS Aporess | TERY
POO1 1 @ g2
PO02 2 ©) RED LAMP
PO03 3 O GREEN LAMP
(7).
P004 4 @ BLUE LAMP
P00S 5 @ FAN
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DC CONTROL POWER
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Transmission Start

-------------------------------- == 80%
DATLA_ ______________________________ - 200/0

Connection Reset Sequence
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ACK
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Checksum
HEEEEE LT

Measurement Sequence
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%)
o

LSb

ACK

ACK

SCK

Transmission Start Address = ‘000’ Command = ‘00101’ Measurement (80ms for 12bit)
MWW
o s s DATA line | for
patA  \_ [\ ECY ETI' /c:;zﬁgtzi R \

Skip ACK to end trans-

Idle Bits MSh 12bit Humldlty Data LSh | mission (if no CRG is used)
15 14 13 12 11 10 9 8 ACK 7 6 5 4 3 2 1 0
SCK
e e o T o g
MSb CRC-8 Checksum LSb

Sleep (wait for next Transmission Start
ACK measurement)

S AVAVAVAVAVAVAVAWN A AV W

Example RH measurement sequence for value “0000'1001“0011°0001" = 2353 =
75.79 %RH

(without temperature compensation)
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14 bit 12 Bit or 14 Bit

100%
80%
60% -
40%
20%

0% | | | | | |
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SOy sensor readout (12bit)

Relative Humidity

<71¥ 3-10> SHT-75¢ TWI ¢lE]#H o]~ EolW %

RH, . =C,+¢C,-SOg, +C, -SO,.° (%RH)

linear

SOrH C1 C2 C3

12 bit -2.0468 0.0367 -1.5955E-6
8 bit -2.0468 0.5872 -4,0845E-4




3. ABAS 7Fse 3 B A7) A2W AL A} & A
(1) LEDS] 4ZHEE Ao} H=doigAs 75

=asa ARz AE dd AEAe] BEL TES] Aste] F Aol
9 LED%O] MzF BE Aol suslo] FXNE ofdsl gol THaY

(7}) LED# A z3t w59 Az 3=

o 24709 LED 3 2= 147 Z1F o2 AAsT.

o 2 LAYERY] PCB 322 FA A Zs ),

o LED €W 54 ag 47 : 4zF wEe) PCBE do] o] yuz o
< Y 741}‘\_}% o] k-8 xLxLa} PEZ ALY A ],o:]l;]_

h s

- w019 1020 w021 w2 o2 LD2¢
; I Ny, 'l“ l!\\. I ALY Il“ I R .Y
“2 | pep RED RED RED RED RED
Q 1
Jir i
w4 w17 Lo18 o5
i i Lo Lo1s w16
1 P2 2
" - " A\Y ALY o—
“ L e e Ly I e ‘
"2 cep meo RED ReED oR or
Nyol
B .
a2 ®2 o9 1 w1 e ®3
Lo7 w08
_fE_.__”_H__O - PP P01 |
ol b b RED RED  RED  RED
RED RED R R
a Lo o2 LD3 LD4 LDS LDS JP1 OJ
P8 b eI |
s 13 RED RED RED RED RED
or
g
&
v2 i
terminal .

<19 3-11> LED¥F MEFEE AFI2=



(4}) LED FEEAF A9

=K

N
Ho

%

TR

O

il
;i

TR

H]
o
5
Ho

°] RGB 394 LEDS A

2}2}

1
s

o= A2l CPU

o]
j=i

M

ON/OFF 4l

9%

o
=

wE 73

<9 3-12> LED3F A= #2322 3=



YWavelenath Spectrum

&
<]

e
@

Relative Intensity
[
.

2 | |
| \|
0'2 i I". |
Wil "
VAN R AN u% ‘ﬂ .

| I
| ||
|I | |
| (l
(= [ |
P II I| ||
08 | [ || | ——LED_Blue
= | | | | ——LED_Green
v . | | LED_Yellow
= 04 r | f
= | LED_Red
[ k)
[

380 430 530 520 Te0

BHES A4 FAFE 400-440m W2l Aol Gole] Aol @it
B A 2Elar, AAge] A= 600~640nme] 294 o]

e
ngon Awndow ANEy Wt M He 34w wed



o fA FFTe FHd 2~ EYS LEDS} Wluste] WA E¥ae
2ol A LA 54 9o FdwS SHlA LEDS} ulastoe] F39
gst] of & AR

mﬁ Jm
ooox
i o

(\}) LEDS} @859 Aad g2 ~#E v

) A Z(RED Light)e] =4 A3}

Wavelength Spectrum
1
08 +
=
06 |
= —— LED_Red
ui] o] L= Red
= =
5 0.4
a
[
02 + I|
| |
0 ! J}MI -y " |
380 Az0 80 G880 T30
Wavelength [nm]

<a¥ 3-14> 44 Y5 LED 5o §5 2= ¥4 4w

o PS5 600nmolA FE IJIAE BYPAT 400nm, 720nm FF 5 HS
e 3'5]‘7,—21_% EZskslal A9, LED 92 620~640nm WA IAE HGS

Ao Asl Fob wy] YE £7 FU 542 nvk

H
T
=
N
i
o
g k
o&i

2) =34 (GREEN Light)¢] 4243}

o FF5L 550nmolA] F IIAE HYA T 440nm, 490nm, 590nm,
630nm & o& IFAA FFo] =molX= 5SS HAANE olek= & LED
FPL 520~560nm HH A WL AIAXE Helow v sl FAd> AL
zhol W7 A& o FY EAS



Wavelength Spectrum

o
o]

o
o]

—  LED_Green

HEE _Green

=
=

Relative Intensity

0.2

wavelength [nm]

<a¥ 3-15> %4 P35 LED 59 F5 2dEY B4 43
3) A F(BLUE light)¢] Hlx A3
Wavelength Spectrum
1
08 r
2
%o.ﬁs -
= —LED_Blue
g —HAS Blue
204 f .
© \
% || i
0.2 - | |
I ‘
" If
n Y AP i ‘
380 580 680 780
Wavelength[nm]
<1¥ 3-16> FA P53 LED 59 54 ~HEY B4 Ay}
— BT 400~590 9o AM GG He T4 AFAEHS HIA
7k LED 392 440~480nm F-& WYl v IS Bgon, npirixz X
s gae A @Rd goe] gd 59 ngrh



Cl

-

of A A A

(3) JAFfr AARZA

A
0

=

3}
of

A A 2 (Insensys Ltd. of Fareham)A}¢} of~& o

<

No

ol 2}l

=
=

(Aston University)9] &7+

= AAH.

=
=

Hin
-

Ho
s

%}

=
=
J|

Jo =

[e)
5

bl %

S

’

7Fek=

Line of Single Fibers

Inner Bundie from Fiber Slit

10 Detector

to Light Source
SMA Connector

yy

Outer Bundle from SMA Connector

F
TR
T3 0

olo

O

Alr

o

m.md
—_

OO::

Optical Fiber

Photodiode Array

Computer

Spectrograph

<]

O

.z__l

<719 3-17> Fsbolme] s}



LED(light emitting diodes, 23 t}o]

ool o]-g-3H
144 LED

=2
T
L,

M LED7F i oy o}

S A= > )
CR) ﬁ}lﬂ, Zé}lﬂ = H

=
y T

24

EER

wl
=

&85 7]

JE) 1 Qo LEDFZEWLE o)A

-

fife)
NI

Eoﬂl.@g
ﬂmMn_Al
[ ciCE
;oﬂA
‘:oqwrﬂ
—_ i
7eTHl
o °© R
o = o
o T
- = M
ﬁﬂ%
T onn o,
"o
HWrowr 2
R
e
T oz
= W g
EOO_E‘LU_
o T
K
<) K —
T
Mﬂ el
Aﬁiju
I
X o
Jo B
M
Eo )
__i‘0|1
T
A o o
N

=i ok LED

ofg] AR

tgon, the

5]

A AEE5S LEDE A

LO._

‘mo

3% WA LEDY /@R LEDY %

B!

ol
M

o
Lﬁ

gomvE A4 Age] @

e

)A

ﬂo
B

ol

ol
oF

o
Gl

o= LED %%7|& 7l

2

71 LED A Z3IAES

o HAaHow LED 21

<

_
§ & ¢ 2 §8 8 °

(M) A LIALIRNIE ANVIOYN

X0 300 400 500 soC YOO MO0 MO0 OO0 1380 1200



o vlolA2Z2AA o] &3 A58 YW E AoFA FE R 17
(D 9¥i"E AN&" 83 THEAE AZAY 74
(D wo|AZZZAME 8T MH A& AT FF A|FA

AR 20 B4 Aol B B AojE 98 wlo]AR TR AA &8 duT=
AAGAE obelfot ol 74, A=akadt.

1) Al2H fex

EMBEDDED
NIGESSN

KERNEL 4 Z 5 0f

GUI £Z E0f

<I1¥ 3-19> A|~H Jjex
2) Mgy € 53 HA.

@ RF AlABE=

o ol gRe] sl GEAAe ¢
2g3 AREsto] Hdd Zﬂ

Hgstol FA

 RUOZ B0 RIS daof Aclael 2o o

L9 % oT—:lL(HHEiﬂ



@ v AEE HE

m RF A EEZHE HolHE g5ate] ult= AojgA=Z AF

m T = Ao} X9k RS—2325 Eato] W9 I EFH(protocol 1)< A}
g3t Sl

m T]~EH o] PANEL®] FXAE Aojstr] 9la RS—232& F3te] HEe]
2EZ(protocol )& AHE3te] PANEL Alo]& HE=¢} &4l

m PANEL 5o 4951 8BIT Atmega CPU AM&

m ARG 9l Wt = AodR]e] WEd e EEHe HE
m 7tE A 2 Ao FHSo] AAHEE 220V Leo] A

[d

© At = A FA

| |
>
i
ofo
_>|~l_,
2
2
ofo
g
a
an
=
=
)
(@]
-
s
—J
il
offt
Oft
il
L&
jn
o)
i)
oy
-
£
Oft
o
rl
o

m 2ERA, FANAlY] 55 913 AbsAlo]§ LT ES o] &4
= HMIol| GUIRHZ dlolHE &93t7] 918 A4 Z2EF(Protocol 11144
m ] FhEt st USB 2 E &8

w taEge], 29AE x¥eke ddelw, 4% HEZH7E AddE Alolx



3) AF AT AR ALF

@ RF AAB=(s=90)

T FE W& H] 2
CPU Atmega8
) SAEE RF RE(WA)
H/W
A5 9VHIE 2] BE
H 217 AD Converter
SIW | Z2EZ #4EE | RF 548 T28F 237}
7V | Aol Bpg Aol Al
@ "ol AEE HE
¥ = e oE
CPU Atmegal28
RF 2&(74)
RS
° RS—232 Zport
WlH Aol L E
/ EE A EE
o =AM JYIE
/0 X E
FAN Aol X E
W7t7] Al E
38 Y AEE
H 217 AD Converter
cEz Bam RF 5418 Z2EZ 27}
2k Z - _L.'g‘
S/W T e Ao g me meeE 24
ELE] A of F- HE] ~¥E 71EE RE




© it = Ao

A]

Item Description
Processor Intel PXA255 400MHz
SDRAM 32Mbyte

Flash Intel strata flash 16MByte
Ethernet CS8900A 10BaseT

Touch ADS7843 (Touch screen)

USB USB Slave

Serial 2 Port

JTAG 1 Port
Connector PC104+ connector

Etc 6.4"" TFT LCD (640 * 480) INTERFACE
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I 2 EA ol A ' g Ho] QT
A48, Ethernet¥ JTAGS E38he] =@l o},

=
=

@ I Aojg H=

718 o

2 d=EE Touch LCD

T P UL H
CPU Atmega8

H/W FAEE };§g232 1port
/O Ao} - o ;gme“t
TREF TARE | WA VESFAY] ZrEF 248

SV oA vy A5E v

® PC & Win32 GUI ojZg A4

TE Kises e H| 3
IRES BAEE| dHlv=Ao1 g st T E S
I[/OA| o H- HY 3= JAEE BE

S| Ul a9 A 2E
B a7 NEE BE
DataBase ODBCZ o|&3 DB 1%




(W) duid=s dAlo] =238 A 2H

1) AJAEE E2F=

2L

— AFAFA = 2 Wl As G TF FAl, SH L FTOR T4
Hof o] AFowm AA 2&9 F& fe AN "aZdlo] sk, AREALY] 4
A gor x99 HLE (EFor §XF Fx A|xH oL A A|lAH BEE2r =

oS 28 3-203 2ol

e

FmL

Temperature
LCD Ul
™ Humidity
Embedded Data Logger
System
(IN-DVK-P255B) (I0_BOARD) LAMP(1~4)
Web browser Motor
VALVE

<719 3-20> dHtj= AojA|AH BEET

2) Holej2AY & £

— o= A" EAS AT CommandE AFE3}le] Data Logger® ™
dS g™, Data Loggers &3 ¥ow oS Yryth S 18 3-21
Fag=

& g

o>
Hn
S

25(2)

2E | We | sy | B (¥US| N 5

(O | @M | (1) | (D | 1) | (1) | (D | (1)

I

10 1 10 1

<19 3-21> ¢9 ¥4



"
iy
o,
)}

=) ata Loggeri= 128}o]E 9] SHHS
Y, o]& FAIg dHigE A9 dolHE A8t LCD =A™ EA| ST,

3) LCD 2339 YAy =23 FF 34¥

LCD 2= EAH

|

2o a7 3-229 Pl

Growing Dialog v1.0 (%
SETTING STATUS
|
Temperature |30
R | Temperature 0 Main Lamp |70FF
humidit 7o idi
W - Humidity 0 B L oFF
Wiotar CFF Green Lampg OFF
SET UrSET
valve OFF Elue Lamp OFF
Heater OFF
AutoSetup OFF - |
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180C : ‘1’

e eE, W, PFs, AT, 54, AT wEgk
ON : 1’
OFF : ‘0

@ AT$$SMOTOR

Return Format($l$)

@ ATS$VALVE

Return Format($l$)

@ AT$SHEAT

Return Format(§l<)
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Return Format(§l<)

® AT$SMLAMP

Return Format($l$)
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Return Format($l$)
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[Main.c]e] X &1

#include<avr/io.h>
#include<avr/interrupt.h>
#include<avr/signal.h>

#include "common.h"

#define Delay_us(X)  {\
unsigned char time_us = X;\

while (time_us——){\
asm (" PUSH RO0"):\
asm (" POP RO"); \
asm (" PUSH R0"):\
asm (" POP R0O"); \

N

#define Delay_ms(X) {\
unsigned int time_ms = X;\
while(time_ms——){\

Delay_us(250);\
Delay_us(250);\
Delay_us(250);\
Delay_us(250);\
A
}
#include "delay.h"

#include "sht—75sensor.h"

#include "uartO.c"

#define true 1
#define false 0



void BT_Init(void);
void BT_Init2(void);
char MSG_Q_ok(void);

void Pulse(unsigned char, unsigned char);

void UART_SendMeasureData(unsigned char *, unsigned char *);

int main(void){
//value humi_val,temp_val;
unsigned char error,checksum;

int 1i;

Delay_ms(2000);

SHT_TWI_DDR = Oxff;
ADC_DDR &= 0XFO;

/* RTS + CTS + STATUS(DCT) =/
DDRD = (0<<2) | (1<<3) | (0<<4),

PORTD = 0x00;

s_connectionreset();

sei();

UART_Init(7372800, 9600);
/*UART_PutChar(0x0c);
UART_PutChar(0x0c¢);

UART_PutString("\r\nInit Uart\r\n");*/

RxWritePoint = O0;
RxReadPoint = 0;

BT_Init2();

/#if((PIND & (1<<4)))
BT_Init();*/

// 171 B



while(1){
if ((PIND & (1<<4)))
BT _Init2();
//UART_PutChar(0x0c);

error=0;
error+=s_measure (humi_val,&checksum,HUMI); //measure humidity

error+=s_measure (temp_val,&checksum, TEMP); //measure temperature

//Delay_ms(500);

if(error!=0) {
s_connectionreset(); //in case of an error: connection reset
/*UART_PutString("error = ");
UART_PutChar(error | 0x30);
UART_PutString("\r\n");*/

}

else{
/*humi_val.f=(float)humi_val.i; //converts integer to float
temp_val.f=(float)temp_val.i; //converts integer to float
*/

//UART_SendMeasureData(humi_val, temp_val);
if((PIND & (1<<4)) == 0)
UART_SendMeasureData(humi_val, temp_val);

Delay_ms(2000);

void BT_Init(void){

/*while(1){
UART_PutString("AT+BTVER?\r\n");
Delay_ms(10);
if(MSG_Q_ok()==1) break;



Pulse(250, 250);

¥

while(1){
UART_PutString("AT+BTINFO?\r\n");
Delay_ms(200);
if(MSG_Q_ok()==1) break;
Pulse(200, 50);

}/

while(1){
UART_PutString("AT+BTSCAN\r\n");
Delay_ms(200);
if(MSG_Q_ok()==1) break;

¥

while(1){
UART_PutString("AT+BTSCAN000195090A3E,to=0\r\n");
Delay_ms(200);
if(MSG_Q_ok()==1) break;

¥

void BT_Init2(void){
UART_PutString("AT+BTSCAN\r\n");
UART_PutString("AT+BTSCAN000195090A3E,to=0\r\n");

char MSG_Q_ok(void){
unsigned char CWPoint=0, CommandRcvFlag = 0;
unsigned char Command[32];

//unsigned char i=0;
while(1){

if(RxWritePoint != RxReadPoint){



dof
Command[CWPoint] = UART_RxBuffer[RxReadPoint++1];
if(Command[CWPoint] == "\r'){
CommandRcvFlag = true;
break;
}
else if(Command[CWPoint] == "n'){
break;
}
CWPoint++;

twhile(RxWritePoint !'= RxReadPoint);

if(CommandRcvFlag == true){

CommandRcvFlag = false;

if(CWPoint >= 2){

if((Command[CWPoint — 2] == '0") &&
(Command[CWPoint—1] == 'K"))
return 1;
else
return 0;
¥
return —1;

void Pulse(unsigned char top, unsigned char bottom){
unsigned char 1;
for(i = 0; i<100; i++){
DDRB |= 0X01;
PORTB &= ~(1<<0);
Delay_us(bottom);
PORTB |= (1<<0);



void UART_SendMeasureData(unsigned char *humi, unsigned char

e

Delay_us(top);

unsigned long 1 = 0;
unsigned char HexFont[] = "0123456789ABCDEFG";

UART_PutString("##");

i = ((xhumi) << 8) + *(humi + 1);
UART_PutChar((i / 1000) | 0x30);
UART_PutChar(((i % 1000) / 100) | 0x30);
UART_PutChar(((i % 100) / 10) | 0x30);
UART_PutChar((i % 10) | 0x30);

i = ((#¢temp) << 8) + =*(temp + 1);
UART_PutChar((i / 10000) | 0x30);
UART_PutChar(((i % 10000) / 1000) | 0x30);
UART_PutChar(((i % 1000) / 100) | 0x30);
UART_PutChar(((i % 100) / 10) | 0x30);
UART_PutChar((i % 10) | 0x30);

UART_PutString("\r\n");

UART_PutChar(*(humi));
UART_PutChar(*(humi+1));

UART_PutChar(*(temp));
UART_PutChar(*(temp+1));

UART_PutChar(HexFont[((*(humi) & 0xf0) >> 4)]);
UART_PutChar(HexFont[ ((*(humi) & 0x0f) >> 0)]);
UART_PutChar(HexFont[ ((*(humi+1) & 0xf0) >> 4)]);

stemp ) {



UART_PutChar(HexFont[ ((*(humi+1) & 0x0f) >> 0)]);

UART_PutChar(HexFont[((*(temp) & 0xf0) >> 4)]);
UART_PutChar(HexFont[ ((*(temp) & 0x0f) >> 0)]);

UART_PutChar(HexFont[ ((*(temp+1) & 0xf0) >> 4)]);
UART_PutChar(HexFont[ ((#(temp+1) & 0x0f) >> 0)]);

UART_PutString("\r\n");

[T A A S B FRA S fe AR Al

//lyartO—sensor.c]®] X & 13

#include<avr/io.h>
#include<avr/interrupt.h>

#include<avr/signal.h>

#define BUFFER_MAX 256
#define TEMINAL_CLEAR  0x0C

volatile char UART_RxBuffer[BUFFER_MAX] = "";
volatile unsigned char RxWritePoint = 0;

volatile unsigned char RxReadPoint = 0;
SIGNAL(SIG_UART_DATA){

¥

SIGNAL(SIG_UART_TRANS){

)

SIGNAL(SIG_UART_RECV) {
UART_RxBuffer[RxWritePoint++] = UDR;

void UART_Init(long xtal, long bps){

unsigned long temp;

UCSRB = (1<<TXEN) | (1<<RXEN) | (1<<RXCIE)

| (1<<TXCIE);



temp = xtal/(bps*16L) — 1;
UBRRL = temp & Oxff;
UBRRH = (temp >> 8) & Oxff;

RxWritePoint = 0; /7] HE EZRJAE %73}
RxReadPoint = 0;

void UART_PutChar(char byData) {
while ( !'( UCSRA & (1<<UDRE)) );
UDR = byData;

void UART_PutString(char *Str) {
while (*Str)
UART_PutChar(*Str++);

//ldelay.h]o] > = 1%

#1f CPU_FREQ == 8000000
#endif

#if CPU_FREQ == 7000000

void Delay_us(unsigned char time_us){

while (time_us——){
asm (" PUSH R0"); // 2 cycle
asm (" POP RO"); // 2 cycle
asm (" PUSH R0"); // 2 cycle
asm (" POP R0O"); // 2 cycle

}
void Delay_ms(unsigned int time_ms){
while (time_ms——){
Delay_us(250);
Delay_us(250);



Delay_us(250);
Delay_us(250);

}
#endif
#1f CPU_FREQ

16000000

void Delay_us(unsigned char time_us){

while (time_us——){

asm

asim

asm

asm

asim

asm

asm

asim

asim

volatile("
volatile("
volatile("
volatile("
volatile("
volatile("
volatile("
volatile("

volatile("

PUSH R0");
POP R0");
PUSH R0");
POP RO");
PUSH R0");
POP RO");
PUSH R0");
POP R0O");
NOP");

void Delay_ms(unsigned int time_ms){

while(time_ms——){
Delay_us(250);
Delay_us(250);
Delay_us(250);
Delay_us(250);

}
}
#endif
//

[sht—75sensor.h]2] X = 131

unsigned char temp_vall[2];

unsigned char humi_val[2];
enum {TEMP,HUMI};

// 2 cycle
// 2 cycle
// 2 cycle
// 2 cycle
// 2 cycle
// 2 cycle
// 2 cycle
// 2 cycle
// 1 cycle



#define noACK 0
#define ACK 1

#define DELAY1 3
#define DELAYZ2 6
#define DELAY3 10
#define DELAY4
#define DELAY5 2

//adr command r/w
#define STATUS_REG_W 0x06 //000 0011 0
#define STATUS_REG_R 0x07 //000 0011 1
#define MEASURE_TEMP 0x03 //000 0001 1
#define MEASURE_HUMI 0x05 //000 0010 1
#define RESET Oxle //000 1111 0

#define SHT_TWI_SCL_SET SHT_TWI_OUT |= (1<<TWI_SCL)
#define SHT_TWI_SCL_CLR SHT_TWI_OUT &= ~(1<<TWI_SCL)
#define SHT_TWI_SDA_SET SHT_TWI_OUT |= (1<<TWI_SDA)
#define SHT_TWI_SDA_CLR SHT_TWI_OUT &= ~(1<<TWI_SDA)

yA
I

char s_write_byte(unsigned char value){

yi
I

// writes a byte on the Sensibus and checks the acknowledge

unsigned char 1, error=0;

SHT_TWI_DDR |= (1<<TWI_SDA);

for i = 0x80; 1> 0; 1 >>= 1){ //shift bit for masking
if (i & value) //DATA=1; //masking value with i , write to
SENSI-BUS
SHT_TWI_SDA_SET;
else //DATA=0;
SHT_TWI_SDA_CLR;
Delay_us(DELAY1);



//SCK=1; //clk for SENSI-BUS
SHT_TWI_SCL_SET;

//_nop_();_nop_Q);_nop_(); //pulswith approx. 5 us
Delay_us(DELAY2);

//SCK=0;
SHT_TWI_SCL_CLR;
Delay_us(DELAY1);
}

Delay_us(DELAY3);

J//DATA=1; //release DATA—line
//SHT_TWI_SDA_SET;

//SCK=1; //clk #9 for ack
SHT_TWI_SCL_SET;

SHT_TWI_DDR &= ~(1<<TWI_SDA);
Delay_us(DELAY3);

//error=DATA; //check ack (DATA will be pulled
down by SHT11)

error = (SHT_TWIL_IN & (1 << TWIL_SDA)) ? 1 : 0;
//SCK=0;

SHT_TWI_SCL_CLR;
Delay_us(DELAY1);

return error, //error=1 in case of no acknowledge

yA
I

char s_read_byte(unsigned char ack){

yA
I




// reads a byte form the Sensibus and gives an acknowledge in case of "ack=1"
unsigned char 1, val = 0;

// unsigned char HexFont[] = "0123456789ABCDEFG";
//DATA=1; //release DATA—line

SHT_TWI_SDA_CLR;

// SHT_TWI_SDA_SET;
SHT_TWI_DDR &= ~(1<<TWI_SDA);
Delay_us(DELAY2);

for (i = 0x80; 1 > 0; 1 >>= 1){ //shift bit for masking
//SCK=1; //clk for SENSI-BUS
SHT_TWI_SCL_SET;
Delay_us(DELAY2);
//if(DATA) val = (val | i); //read bit
f((SHT_TWI_IN & (1 << TWI_SDA))) val |= i
Delay_us(DELAY1);
//SCK=0;
SHT_TWI_SCL_CLR;
Delay_us(DELAY2);

}

//DATA =! ack; //in case of "ack==1" pull down
DATA-Line

if(ack == 1) SHT_TWI_SDA_CLR;

else SHT_TWI_SDA_SET;

SHT_TWI_DDR |= (1 << TWI_SDA);
Delay_us(DELAY2);

//SCK=1; //clk #9 for ack
SHT_TWI_SCL_SET;

//_nop_();_nop_();_nop_(); //pulswith approx. 5 us
Delay_us(DELAY3);



//SCK=0;

SHT_TWI_SCL_CLR;

Delay_us(DELAY2);

J//DATA=1; //release DATA—line

// UART_PutChar(HexFont[ (val>>4)1]);
// UART_PutChar(HexFont[(val & 0x0f)]);

return val;

y

7

void s_transstart(void){

SHT_TWI_DDR |= (1<<TWI_SDA);
//DATA=1; SCK=0; //Initial state

SHT_TWI_SDA_SET,; // 1,0
SHT_TWI_SCL_CLR;
//_nop_();

Delay_us(DELAY1);

//SCK=1;
SHT_TWI_SCL_SET; /1,1

//_nop_();
Delay_us(DELAY1);

//DATA=0;
SHT_TWI_SDA_CLR; // 0,1

//_nop_();
Delay_us(DELAY1);



//SCK=0;
SHT_TWI_SCL_CLR; // 0,0

//_nop_();_nop_();_nop_Q);
Delay_us(DELAY2);

//SCK=1;
SHT_TWI_SCL_SET; /0,1

//_nop_();
Delay_us(DELAY1);

//DATA=1;
SHT_TWI_SDA_SET; /1,1

//_nop_();
Delay_us(DELAY1);

//SCK=0;
SHT_TWI_SCL_CLR; // 1,0
Delay_us(DELAY2);

}

yA
I

void s_connectionreset(void){

yA
7

// communication reset: DATA—line=1 and at least 9 SCK cycles followed by
transstart

//
// DATA: |l |
// - - - - o o o_ _ _
/SCK b

unsigned char i;

//DATA=1; SCK=0; //Initial state

SHT_TWI_DDR |= (1<<TWI_SDA);

SHT_TWI_SDA_SET;

SHT_TWI_SCL_CLR;

Delay_us(DELAY1);




forG = 0;1 < 9; i++){ //9 SCK cycles
//SCK=1;
SHT_TWI_SCL_SET;
Delay_us(DELAY2);
//SCK=0;
SHT_TWI_SCL_CLR;
Delay_us(DELAY2);
¥

s_transstart(); //transmission start

yA
I

char s_softreset(void){
y
VA

// resets the sensor by a softreset

unsigned char error=0;

s_connectionreset(); //reset communication

error+=s_write_byte(RESET); //send RESET—command to sensor

return error; //error=1 in case of no response form
the sensor

}

ya
7

char s_read_statusreg(unsigned char *p_value, unsigned char #*p_checksum){

yi
VA
// reads the status register with checksum (8—bit)

unsigned char error=0;

s_transstart(); //transmission start
error=s_write_byte(STATUS_REG_R); //send command to sensor
*p_value=s_read_byte(ACK); //read status register (8—bit)

#p_checksum=s_read_byte(noACK); //read checksum (8—bit)

return error; //error=1 in case of no response form

the sensor



yA
I

char s_write_statusreg(unsigned char *p_value){

yi
VA
// writes the status register with checksum (8—bit)

unsigned char error=0;

s_transstart(); //transmission start

error+=s_write_byte(STATUS_REG_W);//send command to sensor

error+=s_write_byte(*p_value); //send value of status register

return error; /ferror>=1 in case of no response form
the sensor

}

yA
I

char s_measure(unsigned char #p_value, unsigned char *p_checksum, unsigned
char mode){

ya
I

// makes a measurement (humidity/temperature) with checksum
unsigned error=0;

unsigned long 1;

//unsigned char HexFont[] = "0123456789ABCDEFG";

Delay_ms(1);

s_transstart(); //transmission start

switch(mode){ //send command to sensor
case TEMP  : error+=s_write_byte(MEASURE_TEMP); break;
case HUMI : error+=s_write_byte(MEASURE_HUMI); break;
default . break;

//for (i=0;i<65535;i++) if(DATA==0) break; //wait until sensor has
finished the measurement



SHT_TWI_SDA_CLR;

SHT_TWI_DDR &= ~(1<<TWI_SDA);

Delay_ms(80);

for (i=0;i<0x8ffffff;i++) if((SHT_TWIIN & (1 << TWI_SDA))==0) break;

//wait until sensor has finished the measurement

//if(DATA) error+=1; // or timeout (~2 sec.) is reached
if((SHT_TWIIN & (1 << TWI_SDA))) error+=1; // or

timeout (~2 sec.) is reached

#*(p_value) = s_read_byte(ACK); //read the first byte (MSB)
*(p_value+1) = s_read_byte(ACK); //read the second byte (LSB)
#*p_checksum = s_read_byte(noACK); //read checksum

return error;

yA
I

void calc_sthl1(float *p_humidity ,float *p_temperature){

yi
V4
// calculates temperature [C] and humidity [%RH]

// input : humi [Ticks] (12 bit)

// temp [Ticks] (14 bit)
// output: humi [%RH]
// temp [TC]
const float C1=—4.0; // for 12 Bit
const float C2=+0.0405; // for 12 Bit
const float C3=—0.0000028; // for 12 Bit
const float T1=40.01; // for 14 Bit @ 5V
const float T2=4+0.00008; // for 14 Bit @ 5V
float rh=#p_humidity; // rh: Humidity [Ticks] 12 Bit
float t=#p_temperature; /] t: Temperature [Ticks] 14 Bit
float rh_lin; // rh_lin: Humidity linear
float rh_true; // rh_true: Temperature compensated
humidity
float t_C; // t_.C : Temperature [C]
t_C=t*0.01 — 40; //calc. temperature from ticks to [C]

rh_lin=C3#rh*rh + C2*rh + C1; //calc. humidity from ticks to [%RH]



rh_true=(t_C—25)*(T1+T2%rh)+rh_lin; //calc. temperature compensated
humidity [%RH]

if(rh_true>100)rh_true=100; //cut if the value is outside of
if(rh_true<0.1)rh_true=0.1; //the physical possible range
*p_temperature=t_C; //return temperature [C]
*p_humidity=rh_true; //return humidity[ %RH]
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@ AR AL FHE YANE o) §dte] RUHY bed A ZzaRe A

il

@ Fxzygx o] Aojnt vloJe 7} TTL 7|9k 94 F52l0] 7hs3shH,

LCD a7 &%, FiE(FE) o Ao AAA], 7[Al HA E9== st
(Status Value) =, 5LE|, Solenoid Valve, 3|E, #, & =%, RBG &2 A
5] Aotgtel ﬂ*i‘ﬂﬂOl 2HeEE gelskqirh



A2d. HAHFYL BUETP AlF R A4S

1. Al

WAz FAAA YR A2 A9 AKE oY WER 4GS o g3
oo od AYE ausel & AMWe] HFowA BH FF ALAL
7h FAA KN S PejE v H Al vk (Bae 5, 20085 Lucy &, 2002). H<
= FAOlE FTHE AulAEe] R wef, B HEE AW F 4FANR 1
54 AEL AFH0R aTel mek AR 2t =2 Fskska vk

(Choe 5, 2006).

A A e o] &¥ = FAE A, -, s, 229, g, 55 2 Az 5 oo
Fe FH7E ol &HAL dEd, 1 T fElvEteA ®Wol o] &HIL e FTRHE B
239, ofutgbA A 4du A, AFe] 2 F2E5 SoltH(Bae 5, 2008). ©]

]

=
o

5 A4S He AES 44 EE gold H221E FUR 2EHw o
|

w4 gstE, vjdld, vlElY 2 EEdlE 5o B P ES Fekal 9l
o] AN o TA o FHAS Hki 9l oW (Feng, 1997), Wd ulEdA] A& A

A 2= FA A olR S o) &a}7] wRel A Aol

EARS I
wolsh 43 BAEA 7
+

7 75 ELe] gEFes ¥3gd F U RS BN
o] Ak Aml e g8 SHAAA g F2stH(Cho &, 2008). dWHA o= A%
o] wlolo}l Ao PTG mAE FH Qe SR 2 W FxA Folt o F
F& A ol Fa3d IS AW, F A HoleteE RS THAY FA
T Wlol Fx4e} ah, Fo] §lv AHA Wolste TAE @H A B

htol Ttz FHEskal th(Kwack®t Kang, 1985). Wol FA= T U=
phytochromeo] "o gjol] Fojstn, L2 Q)M Fo| oate] Wolrt FH3lw A o
A= Ao delA Atk Maneinelli &, 1966). B FAfo A Wolah= A %ol A]
Fe A& AW phytochromeol et #5824 @il k& v A]aL, o] AL A
e B ALY duA Yy 2dAARE ZHget, AEEA 22 A
= 9%S v X (Fankhauser®t Chory, 1997; Hopkins, 1999; Kendrick¥}
Kronenberg, 1994). o]¢} o] Af#-A|AC] Fapdolel A T8 7| 5A=4 9
kol mA= Fel @EFo] o|AF Sd AR ALY LA g FE ol &st
= AW A7 A SueF o R A gle AAFolth

3 H A83tEa 99 LED(light emitting diode, W3 tio] e =) 2]
FEAE 2 A a3 sgnks 2k gago g AE AujdA 5F
TS Zhe g dde] shseite A, B4, AFow wdsrl sheE A

“
ANz A7) sk o] Ml F BONHNE BET 5 e A, A, A

=

o

)

=
=
78—
o]
A
-

o



o] 7|EFde] duk o]ste] FEolgte A, UA, 749
(Hwang 5, 2004)¢] glomz A=A AufelA &

[¢] =
AR F= ol = de Ao, AujEA ] we stE For Aod & e
] J

= -
Aol el @ATZEA AL Aol FApo] Fopel AR ela Ve =
A el #

g G A= 79 fle Aol
b ge wAolA B dAdE mr)sA AR NS 93 Am gn
ol 2

2. A% 2 WY
7+ ABAE D Y

(1) ANEA=

Aol AFESE A& A= 2007 0l S8 B2 2] ofupgbA ) il fA, A

Fepil, HeAF 5 6F(obAlo} FR)ol A

B oAFHS 20079 11¥€ Z2HE 20089 29 F7H4 dthstol A 3]st
1=

(2) 953 #e

(3) LED 4% Ao} Az

Light emitting diode(LED)+ & A& 9t 53838 Azgt A(52xd7) o=
44 LED 460nmE 72 aF3lom, WA LED 458nm, =54 LED 520nm, 34
LED 596nm, &4} LEDE 632nm©]Ath. LED He]Z4-2 A&l oF 30cm 0]
FAe ARt on, FEE 1,500lux, 3 1447, x4 10417102 &gt} o]
u 9FFhE A ES o] §ste] Aweilon, 2z LS o] 85ty
F7F 25T, oFzF 18C = z43} .



(4) =9 Ad =3
Sieo] mhE ok B AFE S dotr 7] s o83 AH

473 (Growth chamber)
< Hanback HB—103 2t}], Vision Science VS—1203P5%& ©]-&3}31.2™ Hanback
HB—-103< 20T, 23 C& 2433 2™ Vision Science VS—1203P55 26C = 45}
of 23S HAEH

(5) A& 2] Hold

3

o}

!

2007 el 2 nRe], opnfebM 2, ohdy), A, A Z e,
= A71eF FAPE e As %

s AAste] E Aol B 8N B2

rsL' sy

F AEd A=
ol g3kl Wokgol Wek £AE FIE i b AAFE sebagich

(6) AsEAlZe] 3} welo] A4 2 AAF Wa

Ao A3} Wwele] A4 W AANFL A 20T FAR 2AF A
of T 2R 60744 29 Ao WEY 104AE ZASAG. AAE D AT
% Z4e AND fx-300i% ol g3lo] ZHair},

(7) A z0) A3 Z7]e] AE

Aol A== oy ZF7] FRow st & AMAA(JS555, Color Techno.
System, Reference plate L = 98.52, a = 0.07, b = —0.57)Z A3} Lxgt(H =X
T AA=0, AN=100), axpt (/5 HAA] 4= 0 A4 +100, 5= —80) L brgh(F4)/
A L A= 470, = —70)S SAHSAH

(8) EAEA

A8 A= SAS(statistic analysis system) &4 package® Duncan's multiple
range test® 71Z3}% T}

. LED 3 A2 wE AyAie FFIE W3

(1) HERl C &

[}

H1ERY C9] §5F2 2,6—dichlorophenolindophenol (DNP) 3 (AOAC, 1995)° <
8l @3 A (Spectroflurometer, SFM—25, Kéntron, Italy) = 54330 &
H AZ 258 AdHo] Wi 5% HPOs=

No. 5)3te 2 A9

AAZx

=<l

50mL #7}sto] wha] ¥ o] 3} (Whatman
1mLA # 5] 50%  ethanol®}  0.2%



2,6—dichlorophenolindophenol®] =91 3% thiourea & 4& X Z 0.1mLY ¥

HE M gt Ao Z Lo /\]@ﬁouoﬂ% 50% sodium acetate &Y
fHe 2 3% &S 27 ImLA €al 15
]:]

T &= 50% sodium acetate €
24

F A 1587 W o

2ol M A e g= 2]l guinoxalines 33*3*174 2713k Olﬂoﬂ o1 7] (Bhike) quXo*

350nm, @494 430nm= =33

AN 8E AFHs] A AZ7](Beta 1—8k, B. Baraun, Germany)® 24A]7F &t &
o 2o © % 470nm

4 Az & %%Eﬂr%}‘?ﬂ A AbgEE =, P e B2 Vanadate® ©
| (V=560, Jasco, Japan)& AF-&3to] S48ttt Ca, Mg, Na ¥ K¢ &
A 1x% T mpste] 0.5g4 100mL A& Ek~Te] ¥al H,SO4
ImL¢}t 50% HCIOs 10mLA H713E F 25 258 =9 300~400ClA ZaiA1A
FHstA HH ElE T5sIs o] S 100mL= A8 o (Whatman No.
S AEFEFF=A (Spactra AA—220FS, Varian, Australia)S ©]-83}

2
X
=

z
N

]38 3ol #Hskar 6N HCl €9 15mLE 7}
o] x|l A 24413 7Rl &kl o]

v

gto] AAw A&sta dE § 110TC
of et sFotL TAMNUER 458 A (pH 5.3)2 =2 AH-E3to] 0.2m membrane
filter= o 33k 5 opm] =2t AEE A7 (Sykam S433, Germany) = #2138}t

oh LED ¥ % 2% Ao BE MF¥AL 7|sHEZL W

(1) A8 5=

A 2AkE fel Ao 3 xdolA AujeE A E 45TC2

ol M 24417 23 §- 75% methanolol A 2413t &¢F F=F 8k AebES shlt)

(2) & = FF

ZF ¥ %S H=4E 22 phosphomolybdic acide} ¥H-g-3Fe] A28 LERY
AL o] &3k Folin—DenisH (Dewanto &, 2002)2.% SA39 T 2 Al59 A%



TH(45C/24A)17F) 1g9l 75% methanolS 7}sle] A -2ollA 3EHE FoF FE3aL
rotaryevaporator(Eyela, Tokyo) =2 &3t 52471 %7 (MCFD—-8508)% ¢+ A=x

sto] SA st =, well plated] A= 70ul ¢}k Folin—DenisA|F 70ul & &3gtstod
3E7E Ao WA g & 10% NayCOs &9 70ulE 7hete] A2oA 607F A XA
71 & 233 =A (Multiskan Spectrum, Thermo)® 760nmollA] FFEE ZA 33

oL
o
38
Sy

t}. olw] ¥FH A tannic acid(Sigma Co., USA)E o]&-3Fe] ZHA

% ZPEwols e =He 7+ A8 0.1go] 75% methanolS 7Fste] AlLof A
sk st FE% oS o] A 1.0mLE A@EHA HSZ  10mLe]
diethylenglycols 7}&to] % ATk thA o7]o] 1IN NaOH 0.1mLE % =3t

AA 37T water bathollA] 1A]3F &<F ¥HS-A1Z1 & 420nmolA] FF=E S35
Aot FAELS Alm £ 4l 50% methanol €4S FUEA AEsIR oy, B+
=771 Naringin(Sigma Co., USA)< ©o]&3fo] 2AJstal o] 28 & It imol=
dFS TeiTth

= o]-ﬂ

(4) @drbshaid

gakstebd 548 DPPH(a,a—diphenyl—B—picryl—hydrazyl) ¥< ©o]&3}o] A 5.2
2] 7] (radical) 2A&IE SASIE Lee 5(2006)2] WS Wdste] FAH e
1x10"'M DPPH®} w54 FEE& 77 10004 st E3atar, 3087 & A

oA WXk & ELISA Reader (Bio—RAD, USA)E o] 83} 517nmollA = 2
o AR #dE Ar]e gy AA A (scavenging

11, RCs02 DPPH %7} 1/2% ZA3sk=d Q3 A7 9
H gisl AR # OLEﬂ 7 BHT (butylated hydroxytoluene)
wekglth, =, “DPPH &tz &2AGAH (%) = [(KMEE H7bshA] &2 iz

o] FHE - ANRE H7ME Y FHE) / ARE HUFeHA & 2T &

olAMNAAA &3+ Gray®t Dugan(1975)2] WS 8l v o] SA
Atk 1mM NaNOz 20ulo] Als FZ9 40pl¢F 0.1N HCI(pH 1.2) 140pl-& AF&-3}
o] ®3Z 200pl 2 SFEl. o] whEAS 37C FLfFo A 1AZF wEEAIZ &
2% acetic acid 1,000ul, Griess A]9F(30% acetic acid® ZA|gF 1% sulfanilic acid
9} 1% naphthylamineS 1:1 B &2 83 2, A& Ao Z4) 80ulS 7}8te] =



A 1587 HEe A7l F 520nmoll A FHLEE =A 5o
o] ofzje] A& o]&35glt).

— (IAIZF ¥H8-%2] 1mM NaNOr] T - FAET
F5] X 10002 3+,

(6) Tyrosinase A3l A

Tyrosinasegl g4 x{gﬁoﬂ 9]61— u] 5} A] ;yjrl—_ uﬂgqu 31—}\49] key enzymeo]
tyrosinase?] #8243} A ¥ = DOPA(Dihydroxi pheny lalanine)?] A =9 &%
TE SFEAS A (UV/VIS spectrometer, Jasco, Japan)E o]-&3le] A3t}

71d&2A Algde] 0.1M potasium phosphate buffer(pH 6.8) 0.4mL, 0.03%
tyrosine solution 0.4mL, A|&8<° 0.1mLe &g Mo ghM 0.05mL(100units)=S
A7Fste] 37TColA 10&1F WHeA1Z] & Al&aH A dSelA 537 WAt w5
FTEA Y. o] WEdE 475nmell Y FFEFFLEAE o8t FHLEE S8
¥ tyrosinase &4/ AdE&S Tt A AdE2 AIFA R 29
A oko Hbg NS o R =4l I 22 tyrosinase A 3|4 (A

oy

_]
— O
Solgld Be WA WS F FYE - AYARI} FolQE wgoe
S "

_]

_l
¢

(7) &4

¥0 My
R

Alage 4ol AN ALAE 75%2  methanolol A 24/\]7} EOL *
Whatman No. 2 ZEHZ o33 & AR E =752 53 2SS o] &3}
T AFFA AT Bacillus subtilistKCTC 1022), Bacillus cereus(KCTC 1012)
Listeria monocytogenes(KCTC 3569), Staphylococcus aureus(KCTC 1927) %
Streptococcus mutans(KCTC 5125) 553} 23S A A+ Escherichia col{ KCTC
2441), Pseudomonas aeruginosa(KCTC 1636) 2 Salmonella enteritidis(KCTC
1240) 3&E& AH&3sslon, ?9] 2 FAF T &3S 915 nutrient broth
(NB)oll 1 ®go] A HE3s £ 35T A 24/\]7} Hj) %3} o}

IS FHS 4~5mm T77ﬂ7} =% 5% nutrient agar (NA) 3]
o] 0.1mLA FYsle] #L3A =Edlar, i" paper disk(@8 mm, Toyo Roshi
Kaisha)ol FZ9& 1,000mgL ™" 1 HEE thE §9S 50ul/diskE F4AIT
U 35ColA 24A)7F &9k nfFet & paper disk 799 clear zone® HA 27
(mm)el A paper disk®] 274 (28 mm)vts 4t

M40

_&



3. 2% 2 1%
7}. LED 3 Aol w2 Aj¥a|ie] dolg& L AFguS

(1) do}g 2 ol

(7} BEZ3

BRIy FAdtolo] njxE LED o] A9 A Ax 1dA o] A4y
G 7.3%2 w2H vis) AAGAGe M= 2.0%2 Stob ol mep o}
£9] #to]lE H Gt (Table 3—1). 28y I 24 Aol &= EF 83.3% ©|4ollom,

uF & 3= LED #e T/l #AGo]l 100% Tol&S HSIT)

Table 3—1. Germination speed and rate of broccoli sprouts as affected by the
LED colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 7.3 a’ 83.3 b 9.3 b 100
Green 7.3 a 84.0 ab 8.7 b 100
Red 2.0 ¢ 86.7 a 11.3 a 100
White 6.7 b 87.3 a 6.0 ¢ 100
Yellow 3.3 ¢ 88.7 a 8.0 b 100
RedBlue 2.0 ¢ 89.3 a 8.7 b 100

"Mean separation within columns by Duncan's multiple range test at 5% level.

(F) ofbebalz

ofulghr] 9] Faptole] W= LED #9 9IS ARG Ay, g
1dAel 18.0~24.0%2 'Tol&S Yepdlon Ay sEAsg i 24.0%9
Wol&S Bt (Table 3—-2). 3% % 3ol A4 AHAFoM 63.3%= 717
F=oedl, ol avhE weolEwrh Z2uA VAEAT. AAHoRE 3Y wh

o
100%9] wop&g vetdo] Fol| wpE dold Bl ol o] foxk7t I

o

(th) etz

rste] Fapwole] wXE LED #o 9¥E A A 1F & 1940



35.3~44.7%°] ol&S YENATHTable 3—-3). 3% F 29x o] 2P x=
38.7% = Tolgo] won uF T 3do= AP 327%F FA YERG
ot ey 3 F 39 Wl 100%9] HolsS YERY] wiitol 3UAje] HolE ol
T2 ARG A dolEETE Ald =

Table 3—2. Germination speed and rate of amaranth sprouts as affected by the
LED colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 19.3 b* 23.3 b 57.3 b 100
Green 22.0 a 22.7 b 56.7 b 100
Red 24.0 a 28.0 a 48.0 ¢ 100
White 18.0 b 27.3 a 54.7 b 100
Yellow 24.0 a 26.0 a 50.0 bc 100
Red-Blue 20.7 ab 16.0 ¢ 63.3 a 100

"Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—3. Germination speed and rate of alfalfa sprouts as affected by the LED
colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 37.3 b 30.0 ab 32.7 a 100
Green 35.3 ¢ 35.3 a 29.3 ab 100
Red 36.0 b 38.7 a 25.3 b 100
White 38.7 b 24.7 ¢ 30.7 ab 100
Yellow 44.7 a 28.0 b 273 b 100
Red-Blue 38.0 b 26.7 b 35.3 a 100

“Mean separation within columns by Duncan's multiple range test at 5% level.

() 4

frAle] FApdkote] miX= LED o] 93-S AN Ay, 1d9Ad = B 3 A
gol A 4.7% ke Whols-S YEMY AT (Table 3—4). 35 24 Aol = 74.0~92.7%
o] wrolgS yehllEd, g 92.0%% 7FE Eekom, HXFo|A 74.0%%
7h gt A vEbsn ey dol Sl xpolrt ol T 9§ 3dell=

TE Aol 100%2] wol&S e



(v} 42}

A Epn)e] Fapdolo]| mX= LED #eo] 43S AN Ay, 144 543
I A A 7.3% % & vl G AT 1.3% R wol ol wel Holgo
2ol & YERATH( Table 3—5). 35 & 2d Aol = WAF 83.3%S AlQstis BF
88.7% ol’¢& yEllon, v & 3= LED o] T/l Aol 100%2] &
ol &S e AL

Table 3—4. Germination speed and rate of rape sprouts as affected by the LED

colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 4.7 d 74.0 b 21.3 a 100
Green 27D 88.6 ab 87D 100
Red 0.0 d 92.0 a 8.0 b 100
White 27D 92.6 a 4.7 ¢ 100
Yellow 1.3 ¢ 78.7 b 20.0 a 100
Red-Blue 20D 89.3 ab 8.7 b 100

“Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—5. Germination speed and rate of red kohlrabi sprouts as affected by
the LED colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 1.3 ¢ 92.0 a 6.7 b 100
Green 7.3 a 89.3 a 3.3 ¢ 100
Red 5.3 b 90.7 a 4.0 be 100
White 7.3 a 83.3 b 9.3 a 100
Yellow 4.7 b 88.0 a 7.3 b 100
Red-Blue 6.7 ab 88.7 a 4.7 be 100

"Mean separation within columns by Duncan's multiple range test at 5% level.

() Heaw



24T FTALole] WX LED #o] 4TS AN Ay, 1d Aol WY
N 60.7%Z =24 vla] HAFolE 27.3% = Yol Fol| utg} Lolfo] zlol=
BATH Table 3—-6). 95 F 2UA o= 35 5 194 0] drol-go] Woted 2 A3
A 64.0%= 71 = UrE}MJd & F 3Yolv= F Ag TRl BARL]
100% Fobstivh. 2ejm 2 LED F2 F4F dopdirol= d&dS vAA 3d W

o 100%= Zopstrz Wolg SWM F A= fu7t gl Aoz Az

Table 3—6. Germination speed and rate of red radish sprouts as affected by the
LED colors as a light.

Days after seeding

LEDs Total
1 2 3

Blue (control) 38.0 ¢ 65.3 a 3.3 b 100
Green 48.7 b 44.0 ¢ 0.7 c 100
Red 27.3 d 64.0 a 8.7 a 100
White 60.7 a 38.7 d 0.7 ¢ 100
Yellow 37.3 ¢ 59.3 ab 3.3 b 100
Red-Blue 40.0 ¢ 53.3 b 6.7 a 100

"Mean separation within columns by Duncan's multiple range test at 5% level.

(2) &AL A3 e AF 2 AT W

(7h) BE3

vezeo] A% Auels LED Fol A}

Ac)
o

o] A E AA|F| H A=
S ZAeFA Y (Table 3—7). 29 242 wdhol & 2o g A 0.94cm= A
o 2 Aoz vehgrh Aol Mo 3.83cm, HAFolA] 3.69cm, =A%
AN 3.37cmzE FoHoR L AFS Wt aYrgE BaIelo AR Aujel A
Fs AA st NG, g D SAFS ZAEE Zo] F& FoRE A7t
T3l LED Fo] #ge] A& nx= gk T 35 T 2dAjo = A Fof A
Lldem= 7bd Aom, s F gdAol= -3l A 2.15em= 7 AUk,
AEA e Aol e By 2 AFHNA FAAEE AlelE7|UY] g vl g
tH(Torrey, 1976). 1B =Z Fo] F/7} Alo]E7|dd & m A= 7| 2ol digh
S A7 BashARE 2 ATt A= LED #Fol BEEE AR AujA] Bree]
S wx= A A HAHAGo] Byl ZdolE AA sted F¥FS v

= -

o

o



i = 2=
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Table 3—7. Shoot height, root length and fresh weight of broccoli sprouts as
affected by the LED colors as a light.

LEDs

Characters DAS’ Blue
(control)
0.66 ¢ 0.76 b 0.78 b 0.70 be 0.94 a 0.79 b
2.69 a 2.29 ab 2.95 a 2.90 a 1.86 b 1.94 b
3.69 a 3.37 a 2.95 ab 3.83 a 3.01 ab 2.56 b
0.65 b 1.08 a 1.00 ab 0.51 b 1.14 a 0.93 ab

Root length 1.04 ab 1.34 ab 1.77 a 0.52 b 1.95 a 1.61 ab

Green Red White Yellow Redblue

Shoot height

(cm)

1.22 ab 1.56 ab 1.97 a 0.57 b 2.10 a 2.15 a

0.112a 0124 a 0137a 0.120a 0.135a 0.145 a
0.267 ab  0.219 ab  0.243 ab  0.227 ab  0.208 b 0.199 b
0.389 a 0.326 ab 0.254 b 0.303 ab 0.329 ab  0.253 b
0479 a 0344 a 0324 a 0304 a 0.330ab 0.259 b

Sprout fresh
weight

2
4
6
2
4
(cm) 6 1.07 b 1.48 b 1.81 ab 0.54 ¢ 1.74 ab 2.09 a
8
2
4
(g/10plants) Z

"Mean separation within rows by Duncan's multiple range test at 5% level.

"DAS : days after seeding.

gt LED o] Aol ATl A& G wol F 2UA = Fo] wE
2o 7F gl ot 6L A ol= A Fol A 0.389g/10plants® 7Hd T A YEbst

gUA ol = HAFol A 0479gE 7HE FA% ASo®E e T Okamoto

s A A& ARl Bofetal, FAEE FHAoR AEA A

Ad Aol HAHolgtar 3k on, Choi(2003)E o E71 AujA] A HA o

23 Fod A 7] A JAFoz FFd AE I3

W 7 SREATA Sk 2y 2 Aol T 3F F 83U Aol AYA

316]_ =

() ofwbetaz

obvigiA o] A% Al LED Fol &, Peg 2 AAFe] nAe g



Table 3—8°l A&t Ao =4 T2 35 F 2

7 2 Aoz Yeigd. 9F A= HAFolA 2.86cmeld  H]E)
GAFe = 1.85cme] YER O] A& AiA] Md5S dFzHstH =771 A
ZtF k= Son 5(2003)2]  ®arst xpo]lE yEhY o] R tlaiME FF
F7HA A7 HBes Zog AZtdEd. gyk 2 oAF AIAv Fa B oo
ofmbgha] 2~ A APAbel]l 9lo] A1 X SHRRS AT THA SAE A

Aol £ Ao AzHE

Table 3—8. Shoot height, root length and fresh weight of amaranth sprouts as
affected by the LED colors as a light.

LEDs
Characters DASY Blue .
(control) Green Red White Yellow Redblue
Shoot 2 096b 1.10a 1.05ab 1.20a 1.07 ab 0.86 b
height 4 190bc 227b 219b 275a 1.85bc 1.66 c
(cm) 6 2.83b 28 b 277b 325a 257bc 3.08a
2 058ab 051lab 049b 061 a 0.50ab 0.63 a
Roo(tciflglgth 4 080 a 085a 069ab 095a 079 ab 0.65b
6 1.12ab 1.77a 090b 1.17 ab 083b 093 b
Spropt 2 0110 a 0.115a 0.123a 0.104 a 0.091 b 0.099 b
woisht 4 0194ab 0.203a 0.178b 0.204a 0188 b  0.190 ab
(¢/l0plants) 6 0.217 a 0.233 a 0.216 a 0.206 a 0.213 a 0.200 a

‘Mean separation within rows by Duncan's multiple range test at 5% level.
YDAS : days after seeding.

g, o] A A= 92 A F 2dAd = A FNA 0.63em =z,
AdA o= WA 0.95em® 7 Atk #HFE 5 6LAolE S A
: 2 71 dom, Aol 0.83cm® 7HF &gl A=A e Fuo
T B 8 AR §AEE AtelETId e b vl (Torrey, 1976).
adER Fe FRVE AlE7IdA s mA= 1"l did 5 ATt
SHAIRE 2 Aol M= LED Fo] ofvpgbi s Ajpsajujol A Hjo] e
= A WA go]l EEje] Zeolg AA stedl 4SS wHteE As
b oS #Eehe AR £S5 Jow e

g, Aol AT 9§ 2dAcdl= A AFelM 0.123g/10plants= 71
FAL Aoz vyt a2y g F 4dAd s Mgl 0.204g0® THE
FHA degey, B F 6dAcl= G Aetel zelrh FEEA] kol AT
SHeA F Ade ourt gle Aoz Yegth. Okamoto 5(1996)2 #4332
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0.193ge= 7} 7o, AAHAFeol A 0.163ge=2 7HE 7 At
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aa, e AAFES B2 5 2dAlE HAYe|A 0.136g/10plantsE 7HE A
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Table 3—9. Shoot height, root length and fresh weight of alfalfa sprouts as
affected by the LED colors as a light.

LEDs

Characters DAS" ™ Blye

Green Red White Yellow Redblue
(control)

_ 2 1.08Db° 1.03b 134a 122a 1.00b 1.06 b

Shoot height
. 4 158 ¢ 153c¢ 2.04ab 222a 1.80bc 1.66 c
cm 6 1.82Db 254a 230a 227a 238a 241 a
2 138a 089b 137a 157a 146a 0.850b

Root length
o) 4 138ab 089b 140a 157a 1.46a 1.18b
om 6 145ab 1.05b 148 a 167a 158a 1.20b
Sprout fresh 2 0165 a 0.164a 0.156a 0189 a 0149 a 0.013 b
weight A 0.165a 0.164a 0.156 a 0.189 a 0.149 a 0.013 b
(g/10plants) 6  0.189 a 0.164 b 0.181 a 0.193 a 0.166 b 0.163 b

‘Mean separation within rows by Duncan's multiple range test at 5% level.
"DAS : days after seeding.

Table 3—10. Shoot height, root length and fresh weight of rape sprouts as
affected by the LED colors as a light.

LEDs

Characters DASY Blue

Green Red White Yellow  Redblue
(control)

Shoot height 2 0.55 ab' 062a 047 b 054 ab 0.66 a 0064 a
4 178 ab 167 ab 196a 158b 1.86a 1.96 a

(cm) 6 229 bc 249 ab 222 be 2.83a 247 ab 217 ¢
Root length 2 1.40 a 0.90 ¢ 1.00 bc 1.30 ab 1.10 bc 1.20 ab
4 150a 1.30ab 1.10b 1.60a 1.50a 1.30 ab

(cm) 6 2.70a 210ab 1.80b 2.00ab 1.61 bc 1.62 be
Sprou@ fresh 2 0.132 a 0.136 a 0.117 ab 0.113 ab 0.109 b 0.116 ab
weight 4 0176 b 0193 a 0193 a 0.175b 0211 a 0.195 a
(¢/10plants) 6 0260 b 0.339 a 0.266 b 0.322 a 0.304 ab 0.213 b

‘Mean separation within rows by Duncan's multiple range test at 5% level.
"DAS : days after seeding.
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Table 3—11. Shoot height, root length and fresh weight of red kohlrabi sprouts
as affected by the LED colors as a light.

LEDs

Characters DASY Blue

Green Red White Yellow  Redblue
(control)

2 0.76 a* 076 a 071 a 079a 073a 071 a
Shoot height
(em) 4 1.32 b 205 a 172 ab 2.27a 152 ab 1.73 ab
cm
6 235 b 277 ab 248 b 3.02a 2.83ab 1.86c¢c
2 0.61 b 1.07a 062Db 062Db 061 Db 0.52c¢
Root length
(em) 4 0.78 b 1.43 a 1.33 a 1.36 a 1.36 a 1.29 ab
cm
6 0.83 b 1.51 a 1.40 a 1.38 ab 1.92 a 1.60 a
2 0.165 a 0.170 a 0.118 b 0.177 a 0.142 ab 0.151 ab
Sprout fresh
weight 4 0.192 b 0.230 a 0.244 a 0.249 a 0.225 a 0.243 a
(g/10plants) 6

0.238 b 0.316 a 0.297 ab 0.304 a 0.305 a 0.261 ab

‘Mean separation within rows by Duncan's multiple range test at 5% level.
"DAS : days after seeding.
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Table 3—12. Shoot height, root length and fresh weight of red radish sprouts as
affected by the LED colors as a light.

LEDs

Characters DAS” Blue

Green Red White Yellow  Redblue
(control)

2 1.81 a2 1.26 ab 1.30ab 1.10b 1.15b 1.17 b
4 2.40 a 250a 258a 234a 256a 2.29a
6 3.08b 384 a 357a 368a 371a 357a
2 1.5 a 1.5 a 1.3 b 1.4 ab 1.3 b 1.5 a
Root length 4 1.8 b 1.8 b 2.0 ab 1.9 ab 2.0 a 1.8 b
(cm) 6 2.2 a 2.0 ab 2.1 a 1.9 b 2.0 ab 1.9 b
8
2
4
6
8

Shoot height

(cm)

2.2 ab 2.3 a 21 ab 21ab 2.2 ab 2.2 ab
0.38 b 027 c¢ 034ab 037b 0.35ab 0.35 ab
0.76 a 063b 070 bc 059c 0.66b 0.66Db
0.92ab 096a 096a 087b 094a 0.99 a
1.16 b 1.24b 1.05b 1.12b 1.17b 1.01 b

Sprout fresh
weight

(g/10plants)

‘Mean separation within rows by Duncan's multiple range test at 5% level.

'DAS : days after seeding.
(3) AFALY 43I £7]9 A=
(7h) BrEZe

2 A¥iA] LED Fo wE 2
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=
= g% A vkl 92819 tH(Table 3—13).
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Table 3—13. Chromaticity of broccoli sprouts as affected by the LED colors as
a light.

Hunter value

Characters LEDs

Lx Qs b AE”

Leaves  (colSy 370 d° 0.9 e 15.1 b 0.00
Green 37.5 d —4.1f 11.5 be 6.18

Red 42.9 cd ~2.5 f 13.2 b 7.07

White 44.6 ¢ —4.3 f 15.3 b 9.21

Vellow 48.2 ¢ 5.7 d 18.2 ab 12.57

Red-Blue 38.4 d ~3.3 f 17.9 ab 5.24

Stem  (ooMe )y 453 ¢ 7.0 ¢ 13.9 b 0.00
Green 47.3 ¢ 10.5 b 9.8 ¢ 16.13

Red 51.9 b 7.6 ¢ 20.0 a 12.91

White 52.5 b 8.6 ¢ 21.0 a 14.25

Vellow 63.1 a 16.4 a 414 15.92

Red-Blue 55.3 ab 8.8 ¢ 13.7 b 16.25

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—14. Chromaticity of amaranth sprouts as affected by the LED colors as
a light.

Hunter value

Characters LEDs

L % b AEF

Leaes  (contsol) 240 D’ 2.6 e 13.2 a 0.00
Green 28.6 ab 8.3 d 7.7 b 9.16

Red 30.8 b 13.8 bc 2.3 ¢ 17.04

White 28.9 ab 8.3 d 14.4 a 7.61

Yellow 24.1 b 0.2 f 13.4 a 2.41

Red:Blue 21.8 b 8.4 d 2.8 ¢ 12.11

Stems (oS 3L2 b 15.5 b 2.9 ¢ 0.00
Green 32.8 b 15.0 b 3.5 ¢ 1.78

Red 405 a 15.1 b 2.7 ¢ 9.31

White 315 b 3.8 ¢ 11.5 a 14.52

Yellow 44.8 a 10.4 ¢ 8.5 b 15.57

Red-Blue 23.8 b 20.9 a 1.0 d 9.36

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—15. Chromaticity of alfalfa sprouts as affected by the LED colors as
a light.

Hunter value
Characters LEDs

Lt ar b A

Leaves (ool 36.2 b ~8.2 cd  20.1 ab 0.00
Green 35.4 b -75 ¢ 19.1 b 1.46

Red 414 ab  -1054d 223 a 6.10

White 45.0 a ~11.0 d 26.0 a 10.96

Yellow 35.4 b ~94cd 180 b 2.55

Red:Blue 36.8 b ~9.6 cd  21.3 ab 1.94

Stems (S 356 b ~4.2 b 16.3 c 0.00
Green 36.2 b —5.7 ¢ 18.2 b 3.23

Red 36.1 b ~6.8 ¢ 21.0 ab 5.22

White 38.3 b 0.2 a 13.7 d 5.35

Yellow 41.5 ab =7.7 ¢ 16.8 ¢ 7.70

Red:Blue 40.6 ab ~4.2 b 21.7 ab 7.36

"Mean separation within columns by Duncan's multiple range test at 5% level.

(=)

FrA AR A Al LED Foll whe i £7]19 NEE
54 AL E YEE a @S 43 7] BT ARgdA] 54 wdo

9l tH(Table 3—16).
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Table 3—16. Chromaticity of rape sprouts as affected by the LED colors as a

light.
Hunter value
Characters LEDs L* 7 b AE
Leaves Blue (control) 48.7 b* -13.8 ¢ 27.3 a 0.00
Green 42.3 b —10.1 bc 27.6 a 7.40
Red 48.1 b -89 b 27.5 a 4.94
White 39.2 ¢ —11.3 bc 26.8 a 9.84
Yellow 41.5 bc -84 b 22.1 ab 10.39
Red-Blue 36.7 ¢ —-8.2 b 19.6 b 15.32
Stem Blue (control) 48.7 b -1.0 a 10.9 ¢ 0.00
Green 49.7 b =7.0b 23.4 ab 11.70
Red 48.2 b —-3.3 a 13.4 bc 10.47
White 54.9 a —2.8 a 13.8 bc 7.12
Yellow 46.9 b —-1.7 a 13.2 be 2.57
Red-Blue 42.5 bc —4.8 ab 20.4 ab 13.02

"Mean separation within columns by Duncan's multiple range test at 5% level.

(v} A2}

Table 3—17. Chromaticity of red kohlrabi sprouts as affected by the LED colors
as a light.

Hunter value
Characters LEDs

L ax b AE”

Leaves Blue (control) 21.8 d° -18 e 4.4 ab 0.00
Green 24.4 ¢ 2.0 c 1.6 b 5.39

Red 22.7 ¢ —2.2 e 4.7 ab 1.03

White 27.2 be 0.6 d 6.2 a 6.18

Yellow 28.7 bc —2.1e 6.4 a 7.19

Red-Blue 34.0 b —4.0 f 4.4 ab 12.40

Stem Blue (control) 25.3 ¢ 6.6 b -0.5 ¢ 0.00
Green 31.2 bc 3.1 c —-0.1 c 6.91

Red 37.7 b 12.1 a —-0.9 ¢ 13.57

White 44.1 a 11.1 a -0.3 ¢ 19.51

Yellow 38.7 b 7.3 b —-2.7 d 13.46

Red-Blue 39.8 b 12.9 a 1.0 b 15.88

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—18. Chromaticity of red radish sprouts as affected by the LED colors as
a light.

Hunter value
Characters LEDs

Lx ax b AR’

Leaves  Blue (control) —15.5 €’ 6.5 b 36.7 bc 0.00
Green 15.6 ¢ 8.3 b 32.8 ¢ 4.30

Red 17.2 ¢ 9.0 b 33.6 ¢ 5.09

White 18.3 ¢ 9.2 b 38.2 bc 4.17

Yellow 17.6 ¢ 8.6 b 34.7 ¢ 3.58

Red-Blue —5.6 d 21.0 a 39.7 bc 17.81

Stem Blue (control) 35.6 a -13.4 d 43.7 b 0.00
Green 34.2 a —12.0 d 42.1 b 10.39

Red 35.5 a —13.2 d 52.3 a 11.70

White 36.8 a —156 e 53.8 a 13.34

Yellow 36.1 a —10.4 cd 55.2 a 16.48

RedBlue 245 b —8.7 ¢ 58.3 a 18.93

“Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—19. Germination percentage of broccoli sprouts as affected by the

temperature control.

Germination Germination percentage by the elapsed days (%)
temperature
(C) 1 2 3 4 5 6
20 1.1 ¢* 74.1 ¢ 88.5 bc 96.6 ab 97.8 ab 97.6 ab
23 17.6 b 93.8 a 99.0 a 99.0 a 99.0 a 99.2 a
26 31.6 a 88.3 b 90.8 b 99.0 a 98.0 ab 99.2 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—20. Germination percentage of amaranth sprouts as affected by the

temperature control.

Germination Germination percentage by the elapsed days (%)
temperature
(C) 1 2 3 4 5 6
20 0.0 b* 3.5 ¢ 14.1 ¢ 19.8 ¢ 25.3 ¢ 26.5 ¢
23 0.0 b 16.8 b 31.0 b 39.2 b 42.4 b 48.6 b
26 4.6 a 25.6 a 43.8 a 47.6 a 55.0 a 55.5 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
(ch) st
Sste] Fapold WA= £Re Jge A A AE T

1 =
2.8% o|3Fe] Wol&S e oL 28R = 20, 23 W 26 CAlA] 247 61.6, 69.3 2
70.3%2] Wol&-& YERNAT(Table 3—-21).

Table 3—21. Germination percentage of alfalfa sprouts as affected by the

temperature control.

Germination Germination percentage by the elapsed days (%)
temperature
(C) 0.5 1 2 3 4 5 6
20 0.3 ¢ 30.5 bc 61.6b 62.0 b 67.3 b 75.8 ¢ 72.5 ¢
23 20ab 325 Db 69.3 a 72.1 a 82.0 a 84.6 ab 88.8 b
26 2.8 a 40.6 a 70.3 a 72.1 a 81.0 a 89.3 a 92.3 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—22. Germination percentage of rape sprouts as affected by the
temperature control.

’?eerfl?ei?;;il(l)”rel Germination percentage by the elapsed days (%)
(C) 1 2 3 4 5 6
20 1.0 ¢* 77.3 b 93.0 a 94.6 a 95.5 ab 925 b
23 7.6 b 87.1 a 95.6 a 96.8 a 98.6 a 98.8 a
26 11.1 a 75.8 b 82.8 b 88.1 b 87.1 ¢ 91.8 b

‘Mean separation within columns by Duncan's multiple range test at 5% level.
(v}) 42}

Table 3—23. Germination percentage of red kohlrabi sprouts as affected by the
temperature control.

Germination Germination percentage by the elapsed days (%)

temperature
(C) 1 2 3 4 5 6
20 5.0 ¢’ 64.8 c 84.5 bc 93.1 a 93.3 ab 93.6 b
23 25.1 b 75.8 b 87.3 ab 90.2 ab 92.2 bc 93.1 b
26 47.5 a 87.6 a 90.3 a 93.6 a 94.0 a 96.1 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Aol FAold H X = 2] JTFS FAS A3 1A= 20T A
T AS 5.0% Wolss Yehlloy 26ColA= 47.5%°] wol&S YEeRWTH
(Table 3—23). 3& & 3d# = 26, 23 @ 20C o2 olfo] o} 7+t 90.3,



87.3 & 84.5%°] Wol&S UEUo] 257t &5 F w2 Dolgs YEUY. 1
ot 4dAfel= 4dA = S=A bl & AA i}°1%— e A ok=d], o=
AFetn] T2 5404 7I0E Aor A7y o}
Foll & Wt gle Ao=E YERy] widolt).

GO FApdotel] mX= x| JES AN A, 2dA = 83.8% ©
E S YERA 7F-d 23Tl A 95.5%9] Hol&S YERUon, 41U &=

P2 R 99.3% o]de] wol&S YERATH Table 3—24). 74

1 4ol 99.3% ©]73¢] oS YERH o] Wolg SHA %A 9
o

rU

Table 3—24. Germination percentage of red radish sprouts as affected by the

temperature control.

Germination Germination percentage by the elapsed days (%)
temperature
(C) 0.5 1 2 3 4 5
20 2.5 bc® 91.6 ab 98.5 a 100.0a 100.0 a 100
23 6.0 b 95.5 a 98.6 a 99.3 ab  99.8 ab 100
26 21.8 a 83.8 ¢ 87.0 b 99.3 ab 100.0 a 100

"Mean separation within columns by Duncan's multiple range test at 5% level.

(2) AFAL9 A3 8 A%

(7} BRE4

Table 3—25. Plant height of broccoli sprouts as affected by the temperature

control.
Germination Plant height by the elapsed days (cm)
temperature
(C) 4 5 6
20 2.31 b* 3.52 ab 5.11 bc
23 2.81 Db 3.96 a 5.68 ab
26 3.30 a 3.90 a 6.21 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



vaIEe] AR Aol A =7F Ao] e WA= JFE ARG A 4, 5
2 6UR BF 26C, 23C @ 20C o2 AYTH(Table 3—-25). AR o)== 714
A vebd 26C A+ A9 497 3.30, 5L A= 3.90, 694= 6.21cmA
o, 20C AHgF= 6<Ao] 5.11cmE YERH AT

e g BRI 242 AR AR dubsow 26T AP
ANA 7} =A UEFETH Table 3-26). 3% & A7 A5 2 232
749- 20T A= 0.06, 23TolA= 0.09, 26TColAE 0.12cmE LEb oM, 4U 5=
20C 9] A% 2.64, 23CollA = 2.64, 26 Coll A= 4.76cmE YERA L, 6L A= 20T
o] 79 5.86, 23Tl E 6.86, 26TColA = 7.45cmE e QT

Table 3—26. Root length of broccoli sprouts as affected by the temperature

control.
Germination Root length by the elapsed days (cm)
temperature
(C) 1 2 3 4 5 6
20 0.06 b* 0.35 b 0.76 ¢ 2.64 Db 3.92 bc 5.86 bc
23 0.09 ab 0.95 a 1.62 b 2.64 b 4.92 b 6.86 ab
26 0.12 a 0.93 a 2.06 a 4.76 a 6.15 a 7.45 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
() ofvleba

olulgh 29 A& AujA] =0l AR Ao mX = TS FAMSE AT
497)E= 20Ce A9 1.54, 23ColA= 1.56, 26CAAE 1.72cmE e AL,
6= 20T A 1.87, 23TCoA= 2.02, 26 CAA = 2.62cmE YEFY QL TH(Table
3—-27). o]¢} o] olmlEArE 6UHAAE 2.62cm ©]3HF A ABHAELE=T}
=omw 26C 1ol Attstd F£& Aoz AZHAt.

Table 3—27. Plant height of amaranth sprouts as affected by the temperature

control.
Sserrrlglei?:ttlilgg Plant height by the elapsed days (cm)
(C) 4 5 6
20 1.54 ab’ 1.66 bc 1.87 b
23 1.56 ab 1.88 ab 2.02 a
26 1.72 a 1.99 a 2.62 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



ofmpeha o] A AuiA] ZLezdo] AR Ao WX|= S A A
24 7)= 20CY A9 0.22, 23Coll A= 0.52, 26 Coll A= 1.06cmE YEFHR AL, 5
A= 20T A9 1.76, 23Col A= 3.33, 26Col A= 5.28cmE YERAATH Table
3-28). 53] 64A= 20C A& 2.59cmeld Hl&] 26C ]+ 6.72cmz 2.84)
Az At wepa opmpgbA 20 AfAA A 2 SHolA 2= 26CE st
W ES Ao AL

(o]

Table 3—28. Root length of amaranth sprouts as affected by the temperature

control.
tGeerrrlgleilr’l;ttlil?’rel Root length by the elapsed days (cm)
(C) 1 2 3 4 5 6
20 0.01 p* 0.22 bc 0.44 ¢ 1.17 ¢ 1.76 ¢ 2.59 ¢
23 0.01 b 0.52 b 1.40 b 2.02 b 3.33 b 4.01 b
26 0.04 a 1.06 a 2.33 a 4.10 a 5.28 a 6.72 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
() st

sl A Aol L= A Aol VA GG 2AG A} 4, 5 Y
644 =5 26C, 23C % 20C =22 ZAtH(Table 3—29). A# Aoj= 714 47

et 26C A7 A 4948 = 4.92, 594 = 5.84, 64AE= 6.02cm o, 2
0C AY++E 6LA ol 4.98cmE ERAN AT

Table 3—29. Plant height of alfalfa sprouts as affected by the temperature

control.
Germination Plant height by the elapsed days (cm)
temperature
(C) 4 5 6
20 3.96 b’ 4.32 b 4.98 ¢
23 3.71 bc 450 b 5.83 b
26 4.92 a 5.84 a 6.02 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

tulo] AR AujA] LEZA] ARl A u x| S FAlsE A} 2
A= 20C9 A$ 1.02, 23CoAA = 1.42, 26CAA= 1.80cmE YEM R a1, 444



% 26C A FodA 4.92cm=E 7 A ATH(Table 3—30). 18 584 2 64 A ol
A 26C AgFoA 7 Aoy 20 9 23C A9 Zfol= AA Ut

Table 3—30. Root length of alfalfa sprouts as affected by the temperature
control.

Germination Root length by the elapsed days (cm)

temperature
(C) 1 2 3 4 S 6
20 0.43 ab” 1.02 bc 1.70 bc  3.55 ab 6.14 ab 6.53
23 0.37 bc  1.42 ab 2.11 ab 4.02 a 6.02 ab 6.74
26 0.61 a 1.80 a 3.98 a 4.92 a 6.34 a 6.82

‘Mean separation within columns by Duncan's multiple range test at 5% level.
(2h) A

FrAf el AA Aufel A 2e7F Ao] Al mA = e AR A3 4, 5 F
64 7 20CoA 7HE & Ao = YEStH(Table 3—31). 53] 444+ 23 2
26°C 277} 1.35cm ©]&ksld vl 20C 2]+ 4.28cm=E 23 2 26C 2o 3.1
Hj o] At 64 Aol = 20T Aol A 7Aoo 4 5 5ol H3] 2=
b Apole= Fo &5

Table 3—31. Plant height of rape sprouts as affected by the temperature control.

Germination Plant height by the elapsed days (cm)
temperature
(C) 4 5 6
20 4.28 a° 4.62 a 4.69 a
23 1.35 b 1.99 b 3.01 ab
26 1.30 b 1.90 b 2.91 bc

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Al AR AA] Szdo] AR el mAE FEE FAFS éﬂr 29A =
20C 2] 7% 0.34, 23Col A& 1.01, 26 ColAE 0.92cmE WER o] 23 2 26C3H
2poli= A 9kth(Table 3—32). 24 39 o= 26T 25 4. 1601 g H] 3 20
2 23C A= 1.81 o8tz #of xpol7F oM, o] 5, 6%&110115 A=l 6
Aol = 26T 2% 9.33cm, 23CE 8.12cm, 20CE 6.88cm=S LERY AT



Table 3—32. Root length of rape sprouts as affected by the temperature control.

Germination Root length by the elapsed days (cm)

temperature
(C) 1 9 3 4 5 6
20 0.07 b* 0.34 bc 1.56 b 3.14 b 5.52 ¢ 6.88 ¢
23 0.07 b 1.01 a 1.81 b 3.80 b 6.52 b 8.12 ab
26 0.10 a 0.92 ab 4.16 a 5.36 a 8.07 a 9.33 a

"Mean separation within columns by Duncan's multiple range test at 5% level.
(w}) 5 2epy]

Aot o] AR Afufoll A =7t Ao *J%}OH L ‘1% B A A3 49 A

oﬂ—t— 2.70—2.98% &% A& 7ol A

T 267C, 23C 2 20C o2 HEw
5.02cmE YERRTH

o
N
X
r
>
ol
5

Table 3—33. Plant height of red kohlrabi sprouts as affected by the temperature
control.

Germination Plant height by the elapsed days (cm)

temperature
(C) 4 5 6
20 2.70 bc” 3.86 b 4.05 b
23 2.88 ab 3.71 b 4.74 b
26 2.98 a 4.52 a 5.02 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—34. Root length of red kohlrabi sprouts as affected by the temperature
control.

Germination Root length by the elapsed days (cm)

temperature
(C) 1 2 3 4 5 6
20 0.11 0.36 b 1.03 b 2.32 bc 4.98 bc 6.02 b
23 0.13 0.87 a 2.23 a 3.82 ab 5.98 ab 7.01 a
26 0.14 0.88 a 2.31 a 4.44 a 6.30 a 7.05 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



Ao o] AR AeA] 2z o] Ao A mA s dFS A}d Az} 2
A= ZHzhe] =AY =23 EF 0.14cmE YERA ZREH 2ol 7E A ATH(Table

—34). %E‘m 394= 20C9 ¢ 1.03cmld ®8) 23C 2 26C g4+ 2z
23 2 231cm=z 2 ATFS JEUYL. 397 o3 2n7f =942 140
stA AA=dl, 6 Aol 20C A2+ 6.02, 23C A7+ 7.01, 26C A&
T= 7.05cmE YERSITH

o ]
N

wHodFo AP Aol A =e7F Ao Al mAE JEe G Ay 4Y
A= 3.17-3.27T2 =A 2T kel Afol& YERA] %ot 5P = 20C AT
+ 4.58cm, 23C AT+ 4.97cm, 26C AT+ 5.82cm=Z %o wE 2ol & 1}
EFATH(Table 3-35). &% 6¥#A= 20Ce 23C AHgy+e 247 5.68 2

=
5.70cm® 2ol E YA &otor}t 26C A+ 6.70cm= 7 71 Ao = el
1}
AN

il

Table 3—35. Plant height of red radish sprouts as affected by the temperature

control.
Germination Plant height by the elapsed days (cm)
temperature
(C) 4 5 6
20 3.27 4.58 b’ 5.68 b
23 3.17 4.97 b 5.70 b
26 3.20 5.82 a 6.70 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—36. Root length of red radish sprouts as affected by the temperature

control.
E’;;gg?:&?g Root length by the elapsed days (cm)
(C) 1 2 3 4 5 6
20 0.43 bc® 1.30 b 3.65 bc 5.37 6.04 ab 7.40
23 0.53 b 2.25 a 4.47 ab 5.37 7.04 a 7.60
26 0.72 a 2.36 a 5.49 a 5.58 7.99 a 7.89

‘Mean separation within columns by Duncan's multiple range test at 5% level.

TR AR QA RExzdo] AjRe] ] WA= o

ofk
o

2A48 AT 2



A= 20T AS- 1. 30cm°1 o Hla] 23C 2 26C+= 2+2F 2.25em 2 2.36cmE U
EF A TH(Table 3—36). 2% 2] 3UA= 20C2] 4% 3.65cmldl vl 26T A2

= 5.49cm= AFo|7F F OL} 6= 20C9 49 7.40cm, 23C+= 7.60cm, 26T
AT 7.89cm= ZEAYIE] Aol IvhA| AR FSUTE whebA] S A
= 39 oy ?5}3 g u= 26C7F £& 3oz FAEAT 1 oS ASAY
B9 20C, 23C % 26CE AHaA el 5 3102 AZtE ATt

(3) AL e AAFTH AEF
(7h) BEe

BaEeo A AQujel A 2ol AAT vA= FeFe A 2
o2 26CoA Aujg AA 7H¢ =%kar, 20C = 23CelA Auigt A
FrAFSE 43S UERHI T (Table 3—-37). 35 5 A3} Ao & YAF
Fo] 7H AL 26C AYTE 7|Foz2 & uf 194 0.76cm, 4294 2.02cm,
744 += 3.38cmE YERHRATE

Table 3—37. Total fresh weight of broccoli sprouts as affected by the

temperature control.

Germination Total fresh weight by the elapsed days (g)
temperature
(C) 1 2 3 4 5 6 7
20 0.59 b* 0.66 b 1.11 b 1.94 b 2.06 b 3.26 3.08 b
23 0.44 bc 0.59 b 1.80 a 1.99 b 2.26 b 3.27 3.28 a
26 0.76 a 1.19 a 1.87 a 2.02 a 2.96 a 3.28 3.38 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—38. Total dry weight of broccoli sprouts as affected by the temperature

control.
Germination Total dry weight by the elapsed days (mg)
temperature
(C) 1 2 3 4 5 6 7
20 322 ¢ 333 b 349 ¢ 351 b 387 b 390 b 420 b
23 331 b 348 a 381 a 394 a 416 a 427 a 436 a
26 341 a 344 a 373 ab 399 a 417 a 430 a 438 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



LR xﬂﬂﬂoﬂ 1 SEx0] A= ulﬂ—t— VTS AR A A
A

o 26TColA Aulg Aolr 71 Egkor} 23TCold Auidt A3} Aol =4
% 24tH(Table 3-38) »}Z T A Ao mE AYAFTLE 2009 A5 144
322mg, 44 Al 351mg, 74A = 420mgel Ao, 26 Coll Al Afulgk 32 1A

341mg, 49A)= 399mg, 74 = 438mgE YE ST}

() ofueba s

ofmfgix 2ol AR AujA] Lol AT WA= TS AE A
HMWOEZGO%H7VPi% 7 e 23C 2 20C o2 YEFETH(Table
3-39). IF F AHdgol W%-%i1112oc4 A5 1449 0.04g, 4D Al
0.09g, 7 A0l 0wgﬂM#ﬁ 26C HAgT= 1940 0.11g, 4¥7= 0.32g,
794 = 0.46gS YEUHA

Table 3—39. Total fresh weight of amaranth sprouts as affected by the

temperature control.

Germination Total fresh weight by the elapsed days (g)
temperature
(C) 1 2 3 4 5 6 7
20 0.04 bc® 0.08 be 0.09 bc 0.09 ¢ 0.12 ¢ 0.16 ¢ 0.18 ¢
23 0.07 b 0.10 ab 0.12 ab 0.23 ab 0.29 ab 0.32 ab 0.40 ab
26 0.11a 0.15a 022a 032a 035a 044 a 0.46 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—40. Total dry weight of amaranth sprouts as affected by the

temperature control.

Germination Total dry weight by the elapsed days (mg)
temperature
(C) 1 2 3 4 5 6 7
20 62 b* 64 b 65 b 67 b 69 b 71 b 76 b
23 61 b 65 b 65 b 67 b 72 Db 75b 79 b
26 74 a 74 a 75 a 82 a 84 a 98 a 106 a

“Mean separation within columns by Duncan's multiple range test at 5% level.
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2kt (Table 3—40). 26C HZF= 194 74mg, 49A+= 82mg, 7R+
106mge UYERHo] Added wel ta ZolE yEloy 20TelA =
Bl mE AdEFTY Wk A ol 1949l 62mgelA™ Zo] 7dA =
76mgol &3} 3T}

(th) s

bzt AR AufA] SEx ] AT A= FIFS 2AGE A3 iAo
2 26°C0ﬂ/\1 7V =okar, 1 ths 23C 2 20C 0 & ey th(Table 3—41). 9
5 Agdge wE AAFE 20T A 1970 0.42g, 444 0.92g, 74A
1.74gol Aom 26C A= 194 0.63g, 4L47= 1.73g, 7L A= 1.98gS )
BRI AT

= OHJ

Table 3—41. Total fresh weight of alfalfa sprouts as affected by the temperature

control.
Germination Total fresh weight by the elapsed days (g)
temperature
(C) 1 2 3 4 5 6 7
20 0.42 b* 051 b 0.92 bc 0.92 bc 1.08 ¢ 1.36 bc 1.74 bc
23 047 b 1.00a 1.22 ab 1.50 ab 1.56 ab 1.66 ab 1.88 ab
26 063a 116a 150a 1.73a 179 a 185a 198 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

ddzte] A AEfA] Lm0 AEF vAE 9IS A A3 dubHe
2 23C % 26Co| A =dth(Table 3—42).

Table 3—42. Total dry weight of alfalfa sprouts as affected by the temperature

control.
Germination Total dry weight by the elapsed days (mg)
temperature
(C) 1 2 3 4 5 6 7
20 105 ab” 115 bc 126 b 146 ab 158 ab 171 b 184 b
23 102 bc 118 b 127 b 149 a 164 a 175 a 190 a
26 110 a 124 a 135 a 140 ¢ 152 bc 172 b 191 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



B3 ddd e dEF Wstes 1949 49 20C Ag5+= 105mg, 23T A
= 102mg, 26C Ae7= 110mge= 23C A7t 7 7 A o 29 A5
El&= 26T, 23C 2 20C Aoz YA 798+ 26C Ha T+ 191mg, 23T
AT+ 190mg, 20C A+ 184mgs YEF AT

(&)
FA) AR A LEzde] AAFO] WAL JFe 2AG dup AurHow

23C, 20C & 26C o2 =4 YEltH(Table 3—43).
9 F Aol mE AT /M FHA yeld 23C AT A9 1Y

A= 0.50g, 494 = 1.90g, 744 = 6.38gS YEFHSILE 3, 26C Ag 4= U
AR 9= S AR Fo] vrol 1 317 Aol i= 3.93gel =Tt webA FA=
AL 20CH 23 CollA] Whol H S-S Al7|= Fo] £& Hoz AZEAG

Table 3—43. Total fresh weight of rape sprouts as affected by the temperature

control.
Germination Total fresh weight by the elapsed days (g)
temperature
(T) 1 2 3 4 5 6 7
20 0.47 bc® 0.51 bc 1.24 bc 1.87 b 225 bc 2.88 a 5.98 ab
23 050 ab 061 ab 1.74a 190b 2.35ab 298 a 6.38a
26 054a 079 a 147 ab 222 a 252 a 248 Db 393 c

‘Mean separation within columns by Duncan's multiple range test at 5% level.

T AR A Al =zl AEFo| A= FEFS FARSE Ay dutdow
20CAAM 71 =kar, 1 v 23C ¥ 20C £o2 YEFG T (Table 3—44).

Table 3—44. Total dry weight of rape sprouts as affected by the temperature
control.

Germination Total dry weight by the elapsed days (mg)

temperature
(C) 1 2 3 4 5 6 7
20 236 b* 239 bc 277 a 292 a 312 a 323 a 349 a
23 232 bc 244 ab 258 b 288 ab 302 b 315 b 334 b
26 243 a 250 a 255 b 277 bc 297 bc 293 ¢ 321 ¢

“Mean separation within columns by Duncan's multiple range test at 5% level.



il

SHEF Zugel wE ABFE 2009 FS 19 236me, 4D

COEESE

Haeinl o] A& Al L=z o] AAF WAE= =
23C 2 20C o= FH3A YepTH(Table 3—45). 35 % 7

T F3A veRd 26T A4 1Al 0.79g, 49 Al 2.57g,
=3

A o] AR AufA] 2=z 0] HEF v A= FEFS A A3} 26T
Al 7H =kar, 20C ¢ 23C+ D}i FAFHAl WERsktH(Table 3—46). 9% 3 A3
Ao WE AEFTS 26T 45 1940l 378mg, 4L Ao+ 330mg, 7L A=
416mge| 3t}

Table 3—45. Total fresh weight of red kohlrabi sprouts as affected by the
temperature control.

Germination Total fresh weight by the elapsed days (g)
temperature
(C) 1 2 3 4 5 6 7
20 0.55 b* 0.63 bc 1.00 bc 1.30 b 2.01 b 2.68 ab 2.99
23 053 b 1.10ab 1.17b 1.30b 2.03b 2.88 a 3.00
26 0.79 a 1.42 a 1.75 a 2.57 a 2.82 a 2.99 a 3.06

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Table 46. Total dry weight of red kohlrabi sprouts as affected by the

temperature control.

Germination Total dry weight by the elapsed days (mg)

temperature
(C) 1 2 3 4 5 6 7
20 266 bc” 274 ¢ 267 c 297 b 321 b 331 b 343 b
23 276 b 296 ab 307 ab 324 a 333 a 344 b 356 b
26 378 a 305 a 312 a 330 a 335 a 400 a 416 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



(vh) H2EH

@] A AEfA] o] ATl mA= ddEE AR A3t 267C,

23C %2 20C o2 F3HA YeESt(Table 3—47).

Table 3—47. Total fresh weight of red radish sprouts as affected by the

temperature control.

Germination Total fresh weight by the elapsed days (g)
temperature
(C) 1 2 3 4 5 6 7
20 2.50 b 3.48 bc 4.96 bc 598 ¢ 6.54 ¢ 8.43 bc  9.66 bc
23 260 b 4.88 ab 5.57 ab 7.67 ab 8.28 ab 9.97 ab 10.97 b
26 3.00 a 5.55 a 6.93 a 8.75 a 9.83 a 10.50 a 14.77 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.

T % @ﬂ%#oﬂ w2 AT Aol o E A Aae vl A dERY
26C A5 14740 3.0, 4ol 8.75g, 7L A 14.77g°1 AT} 26T 2ol H] 3
*Ml%OI 7}‘?5’741 Uehd 20C AT e Adge] me AT wsit A 14449
= 2.50mg, 49AE= 5.98mg, 7L A= 9.66mge YERASI T

HGE AR AujA] =FzHo] AEF vAE JgFS FAEE A3 26T,
23C % 20C o2 7434 Yeht AAT 22 FFS UER AT Table 48).
g F AT mE AEFS 194 % 10,008mg ©’dS YERH 7,
6C g9 A 14A 1,122mg, 4L Aol 1,246mg, 7l 1,301mge] AT}, 2
0Ce} 23C AgF-ztoll= vha Zpol7h Aoyt 1 pol= A4 At

)

Table 3—48. Total dry weight of red radish sprouts as affected by the

temperature control.

Germination Total dry weight by the elapsed days (mg)
temperature
(C) 1 2 3 4 5) 6 7
20 1,008 bc* 1,043 b 1,078 b 1,096 b 1,120 b 1,132 bc 1,173 bc
23 1,038 b 1,048 b 1,088 b 1,100 b 1,121 b 1,170 b 1,190 b
26 1,122 a 1,142 a 1,164 a 1,246 a 1,272 a 1,299 a 1,301 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.



ok LED & Ao @& MAAfLe FFHE ¥

(D Bl &%

A 2o JEAEA SWel FA FolA ul T BerEed v co
FPe pE2Y 5 A5 ARAR] AN A ARLE, As So] H

S|
g
BEEe LED 33} Falga, ofvhehi st MY A4

EYl C 3

o] 69.41mg-100g ' o2 Wol &3 Ao oA, ddup= FABS 493 7]
E} FoA wlEl C o] =AUt}

@3, LED ZARge] whe Al AAAse] wEb C gRe Aay, s

2 AAFel A 69mg-100gT W), HFeh) A BAG 2 gl A

[e)
7T1mg-100g™" W-9]2 E} ol vls] vlElRl C o] Egon HedRE HAg
ol A 83.02mg-100g ' 0.2 7€} Fol wa) wjg- @okrl,

Table 3—49. Vitamin contents in the various sprout vegetables as affected by the
LED colors as a light.

Vitamin contents (mg-100g ")

LEDs
Broccoli  Amaranth  Alfalfa Rape ko%leribi rgdeigh

Blue (control) 73.45 b  63.01 ab* 70.56 b 68.11 a 67.68 b 73.03 bc

Green 72.68 b 64.03 ab 7580 a 68.74 a 67.04 b 70.72 bc
Red 71.89 b 63.47 ab 74.70 a 69.67 a 70.15 a 83.02 a
White 7270 b 69.41 a 75.12 a 61.03 b 71.62 a 70.28 ¢
Yellow 72.68 b 61.54 b 77.55 a 65.87 ab  70.01 ab 64.69 d

RedBlue 77.65 a 64.17 ab 76.26 a 66.70 ab 67.74 b  76.00 b

"Mean separation within columns by Duncan's multiple range test at 5% level.

o]¢} o] MR AS EAXT ZF el HIEFY Ceo ek A A TS
mAE LED #9< 3 5 gt

39, Kim $(2004)& 7)o 2 Ague AU, Az, Aejg A= 2 gl u
EPYl C §&s ®Ag A3 97, 19, 11, 24 2 21mg 100g "o 2kaL 3}3ict,

ol& ¥ dAyAde} wus] B W AAANLE BT 64.17mg 100g ') wrel] A
S8 e 97mg 100g 'S A9 11-24mg-100g " o] k.



Wb, W CEFWS 3ol @ W nEZe, olmleAs, duw, f4, 43
gl 2 Fedvis Adx, dee, 4% 2L B2 485 And &

2
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(2) 78 &§F

(7h) BEe

B23Fg] A& AelA] LED 3o wpE Aol FErjARES A% Ay, K,
Ca, Fe, Mg 2 Zn 3t&Fo)] &S vzl Aoz et (Table 3—50).

F715 T W e K9 Mgt S A, Cat Zne AP A 713
=9k, Few AAAAFelA 7 @2 o= Yey

(4) ofbebalz

Table 3—50. Inorganic matter contents in broccoli sprouts as affected by the
LED colors as a light.

Inorganic matter contents (mg-L™")

K Ca Fe Na Mg Cu Zn Se Pb

LEDs

(cole v 514d 492b 003d 226 412b 019 0.80 b nd*  0.16

Green 78l c 653ab 1H4a 28 447b 0.18 0.81 b nd 0.17
13.19

Red al:) 914a 06lbc 299 723a 0.15 1.07 a nd 0.16
. 13.20
White b 890a 042bc 301 71la 0.17 093 b nd 0.16

Yellow 1560 a 814a O0l1llc 3.09 839a nd 0.91 b nd 0.18

RedBlue  10.13b 844a 157a 360 536b nd 1.05a nd 0.12

"Mean separation within columns by Duncan's multiple range test at 5% level.
*nd : no detection.

ofufr s A B A& Auf G o A tRFst LED 38 FAFSe] Aaksh AjRke]
717338S A% 23, K, Fe, Na, Mg 2 Zn &5l &S v Aoz Yeryt

(Table 3—51).

F7lE S g S Ke
6~7wv) 7}Fo] wWokor} Fe, Na, Mg ¥
t} 18y Ca, Cu ¥ Pbe Ho] g2 b

ﬁ

AP A 14.78mg- L= T2 F X2l v
=

e wAgel A A Be A
WA e

.I_,

}o}



Table 3—51. Inorganic matter contents in amaranth sprouts as affected by the
LED colors as a light.

Inorganic matter contents (mg-L™")

LEDs
K Ca Fe Na Mg Cu Zn Se Pb
(CoBégsol) 2350 9.25 0.62a 460a 820a 0.41 0.17 a nd* 0.74

Green 270b 9.23 082a 513a 85 a 055 0.19a nd 0.80
Red 208b 9.21 053 a 418a 839a 0.35 0.14 a nd 0.79
White 275b 834 044Db 43la 752a 0.29 0.13a nd 0.81
Yellow 1478 a 9.17 024 ¢ 252b 439b 4.00 0.08 Db nd 0.79

RedBlue 3.02b 8.50 0.60a 423a 860a 0.31 0.15a nd 0.76

"Mean separation within columns by Duncan's multiple range test at 5% level.
*nd : no detection.

(th) <=2

14
=

B LED #g ozt )
A3} K, Ca, Fe, Na ¥ Mg &t

il

Az Aol A gato] Ao FAPRE A
o N 3~

52).

o

Table 3—52. Inorganic matter contents in alfalfa sprouts as affected by the LED

colors as a light.

Inorganic matter contents (mg-L™")

LEDs
K Ca Fe Na Mg Cu Zn Se Pb

Blue (control) 6.87b"4.73 b 0.83 b 4.22 a 353a 0.82 0.30 nd* 0.06

Green 1998 a7.43 a 123 a 266ab 38 a 0.44 0.10 nd 0.60

Red 010 e4.03 b 0.81 b 3.10a 274b 0.88 0.22 nd 0.09
White 1.73d4.33 b 0.64 b 3.69a 29b 060 0.15 nd 0.05
Yellow 240 d5.06 b 0.35 ¢ 1.21 b 279b 0.55 0.14 nd 0.54

Red-Blue 423 c4.31 b 082b 350a 302a 0.86 0.28 nd 0.08

"Mean separation within columns by Duncan's multiple range test at 5% level.
*nd @ no detection.



H7)18 E57 wE S Nat HAFoA 4.22mg L '2 Th2 3 Aol 13
3hefFo] woro} K, Ca, Fe 2 Mgs =M Al 19.98, 7.43, 1.23 2 3.85mg' L. '&
Z}7y Wk}, Cu, Zn 2 Pbe 3o o3Fe wkx] okgrr}.

Table 3—53. Inorganic matter contents in rape sprouts as affected by the LED

colors as a light.

Inorganic matter contents (mg-L™")

LEDs
K Ca Fe Na Mg Cu Zn Se Pb

(colMe 1110.06 b* 4.94 ab 0.06 b 512a 3.63b 019 105 006 012
Green 593 ¢ 407b 005b 397b 445ab 047 091 004 016
Red 14.63ab 472 ab 0.10 a 4.03ab 562a 045 091  nd® 017
White 683 ¢ 420b 018a 417ab 40l ab 030 105 nd 011
Vellow 17.73a 561a 006b 555a 549a 046 081  nd 017

RedBlue 10.70 b 3.81 ¢ 0.12 a 444 ab 282 Db  0.00 0.80 nd 0.11

“Mean separation within columns by Duncan's multiple range test at 5% level.
*nd @ no detection.

FA AR A AEA] LED Fell whE Aol 7S Ak 243 K, Ca,
Fe, Na % Mg &%l 93 vz AS2Z YEPTH(Table 3-53). F71& /el
w2 gheke K, Ca 2 Nat 430 17.73, 5.61 & 5. 55mgL ' 7}z goko
M, Fex WAFo|A 0.18mg-L~", Mgt AMFolA 5.62mg L '2 29t} Cu, Zn,
Se ¥ Pb= 39 9FS WA kol

(v} A et

-

RSk LED 32 AZehul AA Aol A gatel Ao TR BAE

A3} K, Ca, Fe, Na ¥ Mg staFo] kS n|xl o= YeErgth(Table 3—54). F
78 EFH 2 dFe FMFoa] K, Ca, Fe, Na ¥ Mg7} 7242} 13.73, 7.33,
27, 371 2@ 6.68mg' L '® 7FF 2etem, Cu, Zn, Se @ Pbx #o] J3FS Wz



Table 3—54. Inorganic matter contents in red kohlrabi sprouts as affected by the
LED colors as a light.

Inorganic matter contents (mg-L™")

K Ca Fe Na Mg Cu 7n Se Pb

(e 978 b 515ab 0.07b 355a 550a 054 106 nd 0.5

Green 716 ¢ 349b 0.13ab 291b 335b 040 1.04 0.17 0.10
Red 1373 a 733 a 027a 37l a 668a 022 1.09 nd* 0.15

White 9.45b 4.04ab 013 ab 3.65a 389b 0.10 0.94 0.03 0.13

11.57
ab

RedBlue 6.59 ¢ 5.41 ab 0.15 ab 3.15ab 5.18a  0.25 1.05 nd 0.12

Yellow 375 b 0.15ab 3.11 ab 4.04 b  0.08 1.06 nd 0.09

"Mean separation within columns by Duncan's multiple range test at 5% level.
*nd : no detection.

(vh) H=4HF

$edT WAL Al LED Fol whe A TAPRS B4 A, K,

Ca, Fe, Na, Mg, Cu % Zn &% Fof gaS vz Aoz Yelsth(Table 3—55).

Table 3—55. Inorganic matter contents in red radish sprouts as affected by the
LED colors as a light.

Inorganic matter contents (mg-L™")
LEDs

K Ca Fe Na Mg Cu Zn Se Pb

(D) 7164 3.92a 023a 283a 480a 038ab 214 a 0.05 0.25

Green 5.92b 228ab 020a 1.8lab 2.04b 029ab 2.06 a 0.00 0.19

Red 020b 236ab 017ab 1.71ab 342ab 0.17b 1.51 b nd* 0.09
White 4.03b 2.66ab 011b 207a 434a 058a 2.10 a nd 0.13
Yelow 5.60b 1.89b 0I13b 1.09b 289b 004b 2.05a 0.11 0.10
RedBlue 5.17 b 291ab 018 ab 2.34a 330ab 0.62a 1.81 b 0.11  0.08

"Mean separation within columns by Duncan's multiple range test at 5% level.
*nd : no detection.



F718 F7d we g2 K, Ca, Fe, Na, Mg 2 Zn9] 45 Mg 7.1
3.92, 0.23, 2.83, 4.80 2 2.14mgL'2 Z7t @gtow Cux A3 A Yo
0.62mg-L "= Wkth Se¢l PbyE Fo] kS whx| ¢kgrrl.

ARA Lz TR WEke FESY, nRZYE
o],ﬂ]_‘:;]-}\li}\}:. K 3= =3& 3} HJJro]

o [e} [e}
-8t 7|EF FU)EE oY FeA -kl
al

a9, dEshe AP, FAE BAY, AT G0, Bedrs YAy
N F8 RNE FF S FAHOR A A0 oAU,

k3, Table 3—50~55 A¥}E HW A#o] L7k LED FA g & Afol=
% Cadl A5 BEZE, ofueda s d2a, {x, AFepd] @ FHIEY = 74
4.92~9.14, 8.34~9.25, 4.03~7.43, 3.81~5.56, 3.49~7.33 = 1.89~3.92%1 ¢
0.03~1.57, 0.24~0.82, 0.35~1.23, 0.05~0.18, 0.07~0.27 2 0.11~0.23mg'L"°| 3}
HhH o] Kim 5(2004)0] o]t AY, AXx Agje], A 2 39 Ca 2> 74
28.1, 4.9, 5.3, 5.4 2 9.1mgL~ °]Ya, Fe =k 7HzF 1.1, 0.7, 0.3, 1.9
Llmg-L olAttaL stleh. webA] S/l Aujstdo] th27] wjFo] dhenlals
HARE A Ao ® A Bk Asgh fiol FU1E ol B A

15
PN
T Ak

rr

e N xo

“:.9
i

_VLHU
m&ixEﬁ

A ool FaE e BEFe, obnbdA s T AAAA A ol A
LED goll we opwleql b Wshs opn| it Abew X gA] (Sykam S433)% w4

A=
ofu| Al SRS AE Tl A TEXH L] v]molal, 53] Fgolw] At
uj 7o LED %ol w& 574 ofu Ak %%‘E% 4534 53

(7} BEEY

BeIe] AgfL Aol tge LED &S ZAbste] kg Ajate] ofn
wAF S BAe Awh E oobu Ak S A A13(1,015.5mg:100g 1 DW), 54
2(999.2mg-100g™" DW), 3 413(982.8mg-100g"' DW), 217 4 3(965.3mg-100g "
DW) % 2413(962.4mg-100g ' DW) 59 o2 e (1#. 3-30).

Foll wE opvmal T MG sl 2957, A, 4G4,
P g A Zbz 25F 7] olmxale]l AZHQ=d, AP A= alanine,

citrulline, cystine, tyrosine”}, 2 A1.2d A 3Zo]| A= glycine, a—amino butyric acid,



cystine, phenylalanine”}, #4339 A= hydroxyproline, a—amino butyric acid,
phenylalanine, ornithine’} &% A &3t} (App. 3—1).

ojm| A EHW 3RS glutamic acid”7F 101.43~135.68mg-100g " DW, valine©]
60.04~72.12mg-100g" ' DW= ®okom] thi-ie] ojn|ito] Fo] wpE & o]

2 ugd.

160
140
120
100
80
60
40
20

140
120
100
80
60
40
20

60 |
40 t
20 t

Blue

Green

11

Glutamic Valine Histidine ~ Phospho  Taurine 0
acid ethanol Glutamic Valine Glycine  Histidine  Leucine
amine acid
Red Red+Blue
160 r
140 -
120 -
100 -
80
60
40
20
0 - ' ' ' '
Glutamic acid ~ Threonine Histidine Leucine Phospho Glutamic Urea Valine Aspartic Leucine
ethanol amine acid acid
Yellow

160

140 r

120 r

100 F

80

60

40

20 -

0

Glutamic Taurine Valine Histidine Alanine

acid

1%, 3—30. Amino acids contents (mg-100g” " DW) in broccoli sprouts as affected
by the LED colors as a light.



(W) ofuhebn s

thekdt LED S ZAbete] olmbgb s A #-8 AAksle] ofm|it §heFS HA3E
3}, Z ofu=2F SFEFS W A3 (925 8mg-100g ' DW), 34133(914.15mg-100g" " DW),

4
2 21 33(892.79mg-100g ™" DW), 521 3(874.36mg-100g™" DW) 2 = 4.5 4 3(860.2
mg-100g” DW) 59 o2 Yepstrh(17. 3-31).

Blue Green
90 90 -
80 r 80
70 70 -
60 60 _
50 50 L
40 - 40
30 30 -
20 - 20 +
10 - 10 -
0 0
Glutamic Valine Urea Serine Glycine Glutamic  Threonine Urea Lysine Aspartic
acid acid acid
Red Red+Blue
90 r 90 -
80 r 80
70 70 +
60 1 60 _
50 50
40 r 40
30 30 L
20 - 20
10 - 10 r
0 0
Glutamic ~ Aspartic Valine Threonine Urea Glutamic Urea Valine Aspartic Serine
acid acid acid acid
Yellow
90 r
80
70
60 -
50 r
40 -
30
20 -
10 r
o L | | | |
Glutamic ~ Taurine Valine Histidine Urea

acid
1%, 3—31. Amino acids contents (mg:100g”' DW) in amaranth sprouts as
affected by the LED colors as a light.



ol mE oAl TR BE G Ao 29F7/] ofniAte] HEH AT
ofmlx-At EFHM &= glutamic acid’} 68.85~83.98mg-100g ' DW, urea
45.14~58.02mg-100g”" DW, valineo] 44.88~52.39mg-100g”" DW, histidine©]
41.36~52.02mg-100g"" DW= ®ok=d], glutamic acideE AAWGo|A], urea:=
W Aol A, valine?} histidine 34 Fol| A gheFo] WA YEFRETH(App. 3-2).

() s}

Blue Green
90 90 r
80 80
70 70
60 60
50 r 50 r
40 40 -
30 - 30 -
20 20 -
10 r 10 r
0 0
Glutamic ~ Aspartic Valine Threonine Urea Glutamic Valine Urea Glycine Lysine
acid acid acid
Red Red+Blue
90 r %0
80 - 80
70 |- 70
60 — 60 —
50 50
40 | 40
30 r 30 -
20 20 -
10 - 10 -
0 0
Glutamic  Threonine Urea Lysine Glycine Glutamic Urea Valine Aspartic Serine
acid acid acid
Yellow
90 r
80
70
60 -
50 r
40
30 -
20 -
10 -
0 . . . .
Glutamic ~ Taurine Valine Histidine Urea

acid

1%, 3—32. Amino acids contents (mg-100g” " DW) in alfalfa sprouts as affected
by the LED colors as a light.



oAyl A ]l thEs LED #S ZARSFe] A #He] opn]mAbS B
A3 Ay, F oAt e HA(1075.07mg-100g” DW), WA (924.31
mg-100g™" DW), =41 2(921.74mg-100g™ " DW), 241 #H(879.87mg-100g™" DW), 2%
(868.12mg-100g"" DW) =202 et 1. 3—-32).

o -~
(2h) =1
Green
Blue 120 -
120
100 | 100
80 80 ]
60 60 -
40
40
20
20 r
0 . . . .
Glutamic  Threonine Aspartic Taurine Glycine 0
acid acid Glutamic ~ a-Amino  Taurine  Glycine  Threonine
acid adipic acid
Red Red+Blue
120 120
100 100 -
80 r 80 -
60 r 60 -
40 r 40 +
20 20 +
0 0
Glutamic ~ Y-Amino Glycine  Threonine  Taurine Glutamic Valine Glycine  Threonine  o—Amino
acid  butyric acid acid adipic acid
White Yellow
120 120
100 r 100 L
80 80 -
60 60 -
40 t 40
20 20 L
0 0
Glutamic ~ o-Amino  Taurine Glycine  Threonine a-Amino  Glutamic Glycine Taurine  Threonine
acid  adipic acid adipic acid acid

1%, 3—33. Amino acids contents (mg-100g ' DW) in rape sprouts as affected by
the LED colors as a light.



Foll M2 obriet FTHv BE F AgddA 20879 ofbviite] HEE A
oju=At EHH =S glutamic acid’}F 59.80~82.88mg-100g” " DW, urea 46.11~
58.02mg-100g™" DW, valine©] 42.77~51.40mg-100g~" DW, histidine©] 41.66~51.12
mg-100g™" DW= 2ot glutamic acide H M3} sG] 4], ureats WA gof A],
valine®} histidine 230l A gaFo] WA e App. 3-3).

A AR Al g el A thekst LED 32 xAlato]l AjRbe] olmlmakS HA
& A} Z ofn|wak FFeFS =B (787.43mg-100g”" DW), 241 %(755.75mg-100g ™"
DW), 2 A.% A2(751.38mg-100g"" DW), W A3(735.69mg-100g" " DW), =13
(734.8mg-100g"" DW), H A 2(677.96mg-100g”" DW)<= o & VEbSTH( 1. 3-33).

Fol wrE ofulwAt FHE AMGAYT WG 20FF, w4} A4

AN Z+2} 27F /7 AEHAoH, FNFL 2657, NG 24T 7Y ofr =
chol AT A5 F Al AEHA obvmat T tyrosine FA, =4 Bl
A G A, alanine> MG A G A, tryptophan A A337} S;AY Fof A
=5A FSkH(App. 3—4).

oju| w2k EFHH S glutamic acid’} 73.32~110.64mg-100g”! DW, taurine:=
53.47~68.58mg:100g ' DW, glycine= 53.11~70.55mg-100g"" DW, threonine 50.6

6~63.24mg-100g " DW, urea:™ 43.09~46.52mg-100g ' DW= 29},

oY,

(vh) At

AzZepn] AR A Au el A theFst LED 3-8 ZARsk] Aj#ke] ofm|nAks
& AT, F opu|wAl FFS HM2(783.77mg-100g 0 DW), B (777.59
mg-100g™" DW), 21 A% (764.13mg-100g~" DW), 2 .5 A 33(722.14mg-100g"" DW),

J A 3(704.82mg-100g” " DW), W2 2(652.69mg-100g" " DW) o2 VEbth( 18,
3-34).

ol W& opn Al FHw= AMFAA 29F T, S FANAN 28FF, FAF A
A F A 2757, ST WG A 23FF9] ofn|xite] AEHAEH,
A gof| A = citrulline©], g A3Fo| A= citrulline®} Y—Amino butyric acide], %2} -
A 3ol A= threonine¥} ornithine®] 7A&EF% A &ttt
53] A MGl HAEEHA FUA citrulline> =A33 WA Fof A &
ZE A Fom, FAFAA HAEEA ZFUY Y—Amino butyric acidv= =443}

EuS

A G e HEE A B AT (App. 3-5).

of.i



Blue Green

100 100 r
80 80 -
60 r 60 r
40 - 40
20 r 20 r
O L L L L O
a-amino  Histidine Valine Lysine  Threonine Serine Histidine  Aspartic Lysine Argine
butyric acid acid
Red Red+Blue
100 100 r
80 80 -
60 60 -
40 - 40
20 20
0 L L L L 0
Histidine  a—amino Lysine Valine Serine Serine Lysine a-amino  Histidine Urea
butyric acid butyric acid
White Yellow
100 100 r
80 80 r
60 60
40 40
20 - 20 r
O L L L L O
Aspartic  Threonine Urea Valine Lysine Histidine  a—amino Serine Lysine Urea
acid butyric acid

1%, 3—34. Amino acids contents (mg-100g ' DW) in red kohlrabi sprouts as
affected by the LED colors as a light.

thFst LED 3 ZAet H2AF AAS AAste] obn| =it S
A3, % olumat ke A A AMF(937.61me-100g " DW), #HA(884.50
mg-100g™" DW), ®A12(872.81mg-100g™" DW), S 2(867.46mg-100g™" DW), 5243
(847.53mg-100g"" DW), 3 433(816.32mg-100g”" DW) =2 & Yebgth( 18, 3-35).
oju| =AF FH T2 |ysine™ 45.56~64.56mg-100g " DW, urea: 41.32~49.64



mg-100g™" DW, histidine™ 37.94~66.06mg-100g”" DW, valinex 37.32~54.27
mg-100g™" DW, a—amino butyric acid& 34.08 ~58.13mg-100g ' DW= Bgrom,
aspartic acid® ®WAZo A= 89.43mg-100g”" DWoll ot HAlsgdo| A= 31.15
mg-100g™" DW=, threonine® ™340 4 86.16mg-100g" " DWol o} 5233} 2
AAANGN = AEHA o T Fo] e I 2ol7t A vebyth

Blue Green
100 100
80 80 L
60 60 -
40 F 40 r
20 - 20
O O L L L
Glutamic ~ Omithine Valine Serine Argine Glutamic Serine Valine Argine Urea
acid acid
Red Red+Blue
100 r 100
80 80
60 |- [ | 60 -
40 40 -
20 20
0 L I I I S I 0 L I I S
Alanine  Glutamic Valine Argine  Threonine Glycine Glutamic Argine Serine Valine
acid acid
White Yellow
100 100 1
80 80
60 60 r [ ]
40 | 40 r
20 r 20 -
0 0
Glutamic ~ Aspartic Argine Glycine Taurine Serine Glutamic Argine Valine Alanine
acid acid acid

1%, 3—35. Amino acids contents (mg-100g”"' DW) in red radish sprouts as
affected by the LED colors as a light.

Yol WE ohvieit FRE HAY, ANYAY @ FAGAN 28FF, 44Y



I WG A 26T, HAMFAAE 23FFe oluAte] HEHA=H, A A G
X+ citrulline®} leucine®], #A3gol| = alanine®} citrulline®] FAZEH A &kar
A Aol = taurine, leucine, Y—Amino butyric acid, tryptophan % carnosine©]
A=A A App. 3-6).

oln| At EFHM IS glutamic acidE 82.11~94.80mg-100g” ' DW, argine
55.42~70.87H1g'100g DW, valine< 52.67~68.27mg-100g_1 DW, ureat 48.86~50.78
mg-100g~" DW, aspartic acidi= 34.01~78.78mg-100g” ' DWo.2 Wk},
A F A opr| Ak B FFu| Qo] FA o, FEA | BEE F8eH, S5E
o JAAEoItHCho 5, 2007). 224 o]Afo] 2AF A3} oA F oluiAt
Fo mAFo| M= L23H(1,075.07mg:100g " DW), F4(787.43mg-100g " DW) %
ZeHu](783.77mg-100g ' DW)7F, A AFol| = B2 2 2](1,015.5mg-100g ' DW) 7},
Fo A obubghA ~(925.8mg-100g”" DW)7F, HA MG HedF
(937.61mg-100g"" DW)7} Btk whebA 3% LED 3k, F% 123 459 F5F
of AGAI7]d M2 F opu| At I LED HFell tigh A7 o]Fojd Favt
Aom, 2 AFZAFE= LED Fo] AL ot g dFS nAE e
gst on = At & 7 AT

£

=) _lZi aie)

=
=
A0 3}
A

Z}. LED 43 &&= AHgd =& &AL V|5 E2 A3}
(1) & d= 3%

Table 3—56. Total phenol compound contents in the various sprout vegetables
as affected by the LED colors as a light.

Total phenol compound contents (mg-L™")

LEDs
Broccoli Amaranth  Alfalfa Rape ko};leribi Red radish

(cOMe 'y 714 b’ 930a  998a  60.2c  982b  85.0a
Green 78.8 ab 87.8 ab 87.7 b 84.1 a 95.1 b 83.7 ab
Red 752 b  9l4ab 869b  867a 858 c 846 ab
White 83.0 a 89.6 ab 72.2 ¢ 63.2 ¢ 104.1 ab  89.0 a

Yellow 76.6 b 64.2 ¢ 81.3 be 81.8 ab 86.7 ¢ 85.6 a
RedBlue 80.6 ab 94.1 a 86.8 b 68.1 bc 88.4 bc 74.7 b

‘Mean separation within columns by Duncan's multiple range test at 5% level.

Aol Abstel BAE WS A fals 2ARY BAS0] UM o
o, 58 REATAA BAEE A s B4 F 4 BL RS AXG:



o] Hl=A 3tgEo|H(Leest Park, 2005). dHkx o2 wHEA E4L st %
AFE 7HA, °]2=9 phenolic hydroxylo] A H b
Fakst, e, el 33k 5o AYrlss R ¢HA Aok (Dural
Shetty, 2001; Park 5, 2005b, ¢). 28 BP & HluEd o] 2S52 75424
2 &3 83 7 drhe FES st 2 Aol e AR Ao 9l
LED #ol & = el A= &S 24 23S Table 5601 UERSIH.

(7} BEEY

B2z A AujAl LED #Fo] Aj#e] wighe
S AP Ay walsgol A 83.0mg' L2 7MY = | &=

Ge Ae PO RN Tlamgl oo, 1 e AAFo R 75.2meL 0l%
th webA BeEee] AR Aglel lol F vl =
LED®] WA 227} wpaa e Ao gz,

(W) ofuebr s

oA oA F dEm TR AN AF FMFelA ZAzE 94.1mgL,
93.0mg'L & Yt F  HE  deko] s e RS sAgo g
64.29mg-L ol o™, 1 thgd FAF o R 87.8mg L =, ©f "
94.1%¢} mlae] 2 w) 2+2 29.9mg-L™ ¢} 6.3mg-L" 2] Aol =
T dE FgFo] ESFE V|TAHEZEE &3 FEFE £ dds HlA
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[e] =

& g 99.8me L= 7HE =4 UEwth F d
= Ao R 722mglollen, Tt Ao A
MﬁmgL%ﬂ:ﬂﬂﬂ FEel mE T dm dEe Aelr) JIFHNeH, o=
AAAAE AL LED ol olsf & = dhifel w2 AfE Advbesid & A=
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gol 7P v e AMFeR 602mgl ellen, 1t wAglA



63.2mg-L™ S YeERHSIT]

(v}) A=

e o] Aj#- Afuj Al LED o] A&l wes FE5E2 F dEo vAe o

S Az} Ao 104.1mg' L™ 2 7 =4 YEST. F dls o
S HMgo 7 858mg L olYo, 1 s 5} AMOE 86.7mg-L." <l

o], o] E WaAF A 104.1mg-L™ ¢ vlus)] & uf 17.4mg-L- HE2] Ao

SR A F odE FFE WG A 89.0mg L o & 7 EA debgth v
T 74.7mg' LT o & wAlge] nlE] 14.3mg'L7 e AolE e}
= HE gk 938 nx= Ao 2 Ko} zub
Aas AQstd 3 Ads Fond Aow AzdEd. o
& o= 1 |efstas thzeh FA4

=

4 3L e

(2) & SRR xo|E FF

Table 3—57. Total flavonoid contents in the various sprout vegetables as affected
by the LED colors as a light.

Total flavonoid contents (mg-L™")
LEDs . Red Red

Broccoli Amaranth  Alfalfa Rape kohlrabi radish

Blue (control) 72.6 a® 15.5 b 9.5 ab 725 a 111.0 ab 652 b
Green 60.6 ab  14.6 b 8.8 b 59.7 b 106.5 b 59.0 ¢
Red 57.1 b 18.4 ab 9.9 ab 48.6 ¢ 114.8 ab 64.9 b
White 64.1 ab 14.8 b 10.1 a 70.9 a 82.0 ¢ 66.5 b
Yellow 62.3 ab 11.1 ¢ 8.3 b 47.2 ¢ 107.7 b 64.0 b
Red-Blue 70.5 a 21.2 a 10.4 a 61.4 b 123.2 a 76.2 a

Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—58. DPPH radical scavenging activity of broccoli sprouts as affected by
the LED colors as a light.

DPPH radical scavenging activity (mg-L_l)

LEDs RCs0”
31 63 125 250 500 1,000 2,000
Blue (control) 2.8 b 1.9c¢ 142b 273b 500b 785b 889b 497.3bc
Green 28b 17c¢ 123c¢c 228 c¢ 422c¢ 680c 87.3b 679.6a
Red 29b 18c¢ 129c¢c 242c¢ 437 c¢ T71.2bc 86.6b 642.0 a
White 49a 70a 21.7a 409a 743a 925a 935a 323.0d

Yellow 33ab 35b 141b 264b 490bc 76.7b 889b 509.1b

RedBlue 34ab 31b 139b 265Db 484bc 769b 884b 5147b

"Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L”'), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—59. DPPH radical scavenging activity of amaranth sprouts as affected
by the LED colors as a light.

DPPH radical scavenging activity (mg-L_l)

LEDs RCs0”
31 63 125 250 500 1,000 2,000

Blue (control) 0.0 b* 04c¢ 07c¢c 32b 121a 215a 344a 3,037

Green 0.0b 00d 00d 26¢c 87b 134 bc 26.2Db 4,042

Red 06a 06a 21a 35D 43 bc 16.5b 30.8 ab 3,073

White 0.5 a 0.9 a 2.3 a 5.3 a 4.0 bc 17.0b 30.5 ab 3,444

Yellow 0.6 a 0.3 ¢ 2.3 a 35D 27¢c 11.9c¢ 240 c 4,149
Red-Blue 0.0b 06ab 17D 48 ab 10.0a 19.0ab 36.1a 2,818

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L™'), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.

(th etz

gl Ao figh HgtE FEE] FAsEA S AR A3 (Table 3-60), F
A 1,000mg-L™ 9 FZoAAME 16.2% ©]stE YEFAT 2,000mg- L2 FEA %=
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Table 3—60. DPPH radical scavenging activity of alfalfa sprouts as affected by
the LED colors as a light.

DPPH radical scavenging activity (mg-L™")

LEDs RCs0”
31 63 125 250 500 1,000 2,000
Blue (control) 0.2 b° 05b 13¢ 3.1c 60b 126Db 265b 3,7180 b
Green 00c 02c¢c 14c 34c 62b 133a 26.1b 3,803.0ab
Red 01b 06b 23b 47b 73ab 148 ab 288 a 34755 ¢
White 00c 09b 21b 43b 7.0a 13.8ab 29.2 a 3,402.6 ¢
Yellow 35a 37a 47a 67a 102a 159a 27.3ab 3,991.2 a

Red-Blue 3.1 a 3.5 a 4.1 a 6.2 a 99a 162a 29.1a 3,636.7D

"Mean separation within column by Duncan's multiple range test at 5% level.
YExtract  concentrations (mg-L™'), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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A AR et WS FEEo Falstdg e ANk o R 125mg Ll 'Y R
= 11.7% ©l8tE YERHATH(Table 3—61).

Table 3—61. DPPH radical scavenging activity of rape sprouts as affected by the
LED colors as a light.

DPPH radical scavenging activity (mg-L™")
LEDs RCs0"
31 63 125 250 500 1,000 2,000

(oM 25b° 63ab 1L7b 259a 466a 742a 900a 6006 c

Green 22D 5.6 b 95 ¢ 226 ab 41.1 ab 67.1 ab 87.9 ab 692.9 ab

Red 29ab 53b 101b 197b 347b 553c 853b 8712 a
White 4.2 a 76a 144a 268a 465a 720a 903a 6103 c
Yellow 36ab 58b 11.3b 21.3ab 36.5b 581 c 850b 819.5 ab
RedBlue 28b 56b 11.3b 224ab 41.0ab 66.8b 884 ab 697.0 bc

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L”!), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—62. DPPH radical scavenging activity of red kohlrabi sprouts as
affected by the LED colors as a light.

DPPH radical scavenging activity (mg'L_l)
LEDS RC50y
31 63 125 250 500 1,000 2,000

Blue (control) 7.4 a® 126 a 239a 43.8a 744 a 90.4a 91.8a 300.6¢c

Green 66b 114a 223a 415a 715ab 90.7a 91.9a 3294 be

Red 54bc 123 a 240a 396ab 751a 91.5a 92.2a 319.1 be
White 37¢ 71b 148b 222b 504b 786b 89.9b 5056 a
Yellow 6.1 b 120a 239a 39.1ab 744a 914a 92.1a 322.6 bc
RedBlue 59bc 120a 246a 474a 782a 9l2a 91.7a 291.2¢c

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L”!), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.

(vh) H=4F

HET AR digk Weks FEEC] drkstdgd s A 43 1,000mg L F
LA = Foll whet xfolE wERo] FHAF ) A Fel A gilstel o] WAl LbEL
Wk (Table 3—63). L& 2,000mg-L™ ¢ FxolAE= Fo] =74 thxete] a4ts}
2478 Apol= A9 gl

Table 3—63. DPPH radical scavenging activity of red radish sprouts as affected
by the LED colors as a light.

DPPH radical scavenging activity (mg-L™")
LEDs RCs0”
31 63 125 250 500 1,000 2,000

Blue (control) 3.2 a* 6.5 a 125 a 25.3a 448 ab 73.1a 90.2 a 619.6

Green 25b 53ab 11.1 b 21.0b 411 b 674Db 894 a 696.6
Red 27 ab 5.8 ab 124 a 246 a 466 a 735a 89.9 a 605.3
White 29 ab 6.1 ab 12.7 a 245 a 458 ab 73.1a 89.2 a 6184

Vellow  21b 46b 11.9b 230 439ab 709ab 89.7 a  648.0
RedBlue 3.3 a 64 a 13.7a 259a 470a 759a 903 a 5894

"Mean separation within column by Duncan's multiple range test at 5% level.
YExtract  concentrations  (mg'L™'), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—64. Nitrite radical scavenging activity of the various sprout vegetables
as affected by the LED colors as a light.

Nitrite radical scavenging activity

LEDs (% of control, in 500mg-L™")
Broccoli  Amaranth Alfalfa Rape koileribi Red radish
(Dle  60.8 ab'  36.7c  49.0b 644 a  598ab 5471 b
Green 59.8 b 48.4 b 51.6 b 61.0 ab 63.4 a 69.15 a
Red 61.5 ab 449 b 49.7 b 57.4 b 62.4 a 62.55 ab
White 61.6 ab 46.9 b 60.0 a 65.3 a 58.3 ab 69.05 a

Yellow 66.9 a 57.4 a 54.6 ab 60.6 ab 62.4 a 69.85 a
RedBlue 63.2 a 41.7 be 58.4 a 64.7 a 60.4 a 66.93 a

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—65. Mushroom tyrosinase inhibition activity of the various sprout

vegetables as affected by the LED colors as a light.

Mushroom tyrosinase inhibition activity
(% of control, in 2,000mg-L™")

LEDs
Broccoli  Amaranth Alfalfa Rape ko%ler(;bi Red radish
(Cfrll‘tlreol) 13.7 2 0.0 ¢ 6.3 b 14.5 b 120a  18.0 a
Green 13.7 a 4.4 a 8.0 a 22.5 a 5.1d 17.9 a
Red 145 a 3.5 ab 3.6 ¢ 2.6 e 85 b 159 b
White 12.8 ab 4.4 a 3.6 ¢ 104 ¢ 8.5 b 16.2 ab
Yellow 10.3 b 1.8 b 3.6 ¢ 2.6 e 6.8 ¢ 17.7 a
Red-Blue 12.8 ab 0.9 b 3.6 ¢ 6.1d 6.0 cd 17.1 a

“Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—66. Anti—microbial activity of broccoli sprouts against the gram-—

positive and gram-—negative bacterial strains as affected by the LED

colors as a light.

Inhibition zone (mm) per microorganism

Strain Blue

(control) Yellow Red White  Green Red+blue

Gram positive bacteria

Bacilus cereus 9.1 ab® 9.7ab 81b 9.4 ab 10.1 a 80b
Bacillus subtilis 83b 89a 82b 82b 82b 820b
Listeria monocytogenes 8.2 ¢ 98 ab 83 c¢c 105 a 10.3 a 10.0 ab
Streptococcus mutans 9.2 ab 91 ab 83b 102 a 106 a 104 a
Staphylococus aureus 10,0a 97b 102 a 99 ab 10.3 a 10.1 ab
Gram negative bacteria
Escherichia coll 93ab 101 a 81b 88b 97ab &81b
Pseudomonas aeruginosa 8.3 b 81D 81D 9.9 ab 10.3a 8.1b
Salmonella enteritidis 81b 103a 83b 102a 81b 82b

‘Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—67. Anti—microbial activity of amaranth sprouts against the
gram—positive and gram—negative bacterial strains as affected by the
LED colors as a light.

Inhibition zone (mm) per microorganism

Strain Blue

Yellow Red White Green Red+blue
(control)

Gram positive bacteria

Bacilus cereus 8.9 ab” 9.2 a 8.3 b 8.3 b 89 ab 8.9 ab
Bacillus subtilis 93ab  9.0ab 83D 8.2 b 8.1hb 9.5 a
Listeria monocytogenes 9.6 a 9.4 a 9.2 a 8.1b 8.1b 8.1b
Streptococcus mutans 8.9 ab 8.4 b 8.4 b 8.5 b 9.6 a 9.7 a
Staphylococus aureus 9.5 a 8.6 ab 8.5 ab 9.3 a 8.9 ab 8.1b

Gram negative bacteria

Escherichia coli 10.2 a 9.7 ab 9.2 b 8.9 ¢ 8.9 ¢ 9.6 ab
Pseudomonas aeruginosa 9.0 ab 8.9 Db 8.9 Db 8.6 b 9.8 a 9.1 ab
Salmonella enteritidis 9.2 a 9.2 a 9.3 a 8.3 b 8.5 b 8.5 b

"Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—68. Anti—microbial activity of alfalfa sprouts against the gram
—positive and gram—negative bacterial strains as affected by he LED

colors as a light.

Inhibition zone (mm) per microorganism

Strain Blue

Yellow Red White Green Red+blue
(control)

Gram positive bacteria

Bacilus cereus 9.8 a 94 ab 8.1b 9.8 a 9.7 a 9.7 a
Bacillus subtilis 8.5 Db 8.5 Db 8.3 b 9.9 a 8.4 Db 9.3 ab
Listeria monocytogenes 8.7 b 8.7Db 8.6 a 89ab 89ab 9.2 a
Streptococcus mutans 9.0 a 8.9 a 8.8 a 9.2 a 8.3 b 8.3 b
Staphylococus aureus 9.7 a 8.9 b 8.8 a 8.4 b 8.6 b 8.9 b

Gram negative bacteria

Escherichia coli 9.0 ab 8.5 b 8.7 a 9.2 a 9.1 a 9.2 a
Pseudomonas aeruginosa 8.5 b 8.9 ab 8.8 a 8.8 ab 94 a 9.6 a
Salmonella enteritidis 85 b 8.4 b 8.2 b 94 a 9.2 a 95 a

Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—69. Anti—microbial activity of rape sprouts against the gram —positive

and gram—negative bacterial strains as affected by the LED colors as

a light.
Inhibition zone (mm) per microorganism
Strain Blue .
Yellow Red White Green Red+blue
(control)
Gram positive bacteria
Bacilus cereus 9.3 a 8.3 b 83 b 83 b 8.3 b 8.2 b
Bacillus subtilis 8.2 a 8.2 a 81hb 8.2 a 8.2 a 8.2 a
Listeria monocytogenes 10.3 a 8.3 b 104 a 8.1b 8.1b 8.1Db
Streptococcus mutans 8.2 Db 10.5 a 8.3 b 8.1b 8.1b 8.1Db
Staphylococus aureus 8.2 a 8.3 a 8.2 a 8.2 a 8.2 a 8.3 a
Gram negative bacteria
Escherichia coli 8.2 a 8.1 a 8.2 a 8.2 a 8.3 a 8.1 a
Pseudomonas aeruginosa 10.4 a 8.6 ab 8.8 ab 8.0 b 81b 81hb
Salmonella enteritidis 9.7 a 8.0 b 81hb 8.3 b 8.2 b 8.2 b

‘Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—70. Anti—microbial activity of red kohlrabi sprouts against the
gram—positive and gram—negative bacterial strains as affected by the
LED colors as a light.

Inhibition zone (mm) per microorganism

Strain Blue

Yellow Red White Green Red+blue
(control)

Gram positive bacteria

Bacilus cereus 8.2 b 9.6 a 9.0 ab 8.2 b 8.1b 8.1b
Bacillus subtilis 105b  103b  97bc 122 a 82 ¢ 82 ¢
Listeria monocytogenes 8.2 b 10.5 a 9.5 ab 8.1b 8.3 b 8.3 b
Streptococcus mutans 8.2 b 8.7 a 8.0 b 8.1hb 8.1hb 8.1hb
Staphylococus aureus 8.9 ab 10.5 a 9.3 ab 8.2 b 8.2 b 8.2 b

Gram negative bacteria

Escherichia coli 9.5 a 9.4 a 8.2 b 8.2 b 8.2 b 9.4 a
Pseudomonas aeruginosa 8.1 a 8.1a 8.1a 8.2 a 8.1a 8.1a
Salmonella enteritidis 8.1 a 8.1a 8.1a 8.2 a 8.2 a 8.1a

‘Mean separation within rows by Duncan's multiple range test at 5% level.
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Table 3—71. Anti—microbial activity of red radish sprouts against the
gram—positive and gram—negative bacterial strains as affected by the

LED colors as a light.

Inhibition zone (mm) per microorganism

Strain Blue Yellow Red White Green Red+blue
(control)

Gram positive bacteria

Bacilus cereus 108 a8 99b  98b 11.3a 11.7a 123a
Bacillus subtilis 91ab 96a 84b 116a 11.7a 122a
Listeria monocytogenes 11.1 a 97ab 82b 89b 101 ab 111 a
Streptococcus mutans 10.9 a 9.9 b 9.9 b 95b 107a 109 a
Staphylococus aureus 13.7 a 11.9b 11.8 b 11.3 b 11.6 b 12.6 ab
Gram negative bacteria
Escherichia coli 9.2 ab 8.7Db 8.6 b 105 a 10.9 a 114 a
Pseudomonas aeruginosa 9.9 a 92ab  8.7b 8.7 b 9.8 a 9.9 a
Salmonella enteritidis 94b 1l4a 96b  92b  95b  99b

‘Mean separation within rows by Duncan's multiple range test at 5% level.

& Staphylococcus aureus= 11.3~

13.7mmelj e, aHdSAT T 7P 2 AdEE Yed AL Salmonella
2

I
o
o2
o
4
of\
N
o

U
2
i)
riot
fllo
i
o
=
0

LED ol w& a2 agddde] 45 w43l Aol 13.7mm=
AA Webt Staphylococcus aureusvto A|9|SFils B AALA A G T
=2 s YeiWlew, a9SAdS  Escherichia coli®}  Pseudomonas
aeruginosa~= 2 M- MG A Salmonella enteritidiss= 3Gl 717 & &
TS YERH A

ool A3 65 MAAL FEES MRS T/, LED Fol wE Aol
URNA T B ke d it gk wroll tiEl 8.0~13.7mme] A shS HERH L
o} olgldt Avs B AP FUEEe 1,000mgl el T 2y o &
= J JX_A};P 7%4 A8 gko] 8.3—10.6mm ©]ATH= Heo 5(2008)9] H.aL
o



v, LEX T & &AL 7|TA EF Ad}

(D & s &F

HEwd =8 vt 2ok ZARS 7, o259 phenolic hydroxyle] &
WA A2t} Adste] dAikst, &+, 183 3 59 AYrlss 7t
a4 A dtH(Dural®} Shetty, 2001; Park %, 2005b, ¢). 2822 Hl=E7 g3k
o] HETH 7lb“” 12 &t &8 & Ak 27 Hol A ARAf e A4t
Al 5wz T EEEY FFS AR A LRSS SRTRE FE
P& wl= 20T m Ar g Flol| A 59.3mg L =2, dgtE FEEANAE 26TCollA A
Hj gk Aol A 103.4mg L 2 ZTH(Table 3—72).

ofutgM Ak FHF FEEANAE 20T AugE oA 28.8mg'L = Bkl
NErS FEEo| M= 26C @A Auj g &40] 80.6mg-L 2 @ttt &&3}, &

L T S Es s FEEOA Fo] wdew, &

A, ATy, Bedrs w 2z
EAEEE SR 45 20C 23l A H?‘& Zlell Al ok 98.2, A 64.2,
Aoty 72.6 DL How L9 91.8mg L 2 747 E@okth oehe FEE0 26T C o)A
et AoA E=H =353 Sheko] wokgki=u), ou} 118.8, A 75.3, 2 Zen)
147.8 2 H2H5H9 116.2mg' L™ & A}

i‘l
QL'
m{m

o

Table 3—72. Total phenol compound contents in the various sprout vegetables

as affected by the temperature control.

Total phenol compound contents (mg-L_l)

Solvent Temp. Red Red
; . e e
(C)  Broccoli Amaranth Alfalfa Rape kohlrabi radish

Distilled 99 593 ¢* 288d  982b 642c 726c 918 c

23 43.3 d 24.1 e 85.4 d 64.1 c 60.6 d 88.1 d
26 42.6 d 24.4 e 83.6 d 60.9 cd 50.1 e 78.6 e
Ethanol 20 73.1 b 53.0 ¢ 742 e 72.3 ab 126.6 b 95.4 bc
23 73.6 b 70.5 b 923 ¢ 74.2 a 126.3 b 98.6 b
26 103.4 a 80.6 a 118.8 a 75.3 a 147.8 a 116.2 a

‘Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 3—73. Total flavonoid contents in the various sprout vegetables as affected

by the temperature control.

Total flavonoid contents (mg-L™ ")

. Red Red
Broccoli Amaranth Alfalfa Rape kohlrabi  radish

Solvent T(eogl;) )

Distilled 9 189 d* 86cd 99a 337c 3l4d 328c¢c

water
23 17.7 d 7.9 cd 9.6 a 32.0 ¢ 33.3 d 32.7 ¢
26 17.6 d 9.0 ¢ 8.0 ab 30.2 ¢ 25.3 e 21.5d
Ethanol 20 60.0 a 9.7 ¢ 10.3 a 55.2 a 55.7 b 42.0 a
23 41.4 b 15.7 b 9.2 a 50.6 ab 59.8 a 37.5 Db
26 27.7 ¢ 19.8 a 8.8 ab 53.2 a 50.1 ¢ 32.1 ¢

‘Mean separation within columns by Duncan's multiple range test at 5% level.
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A st AR A] RCs ZHS ZZF 777 2 726.3mg L2 7P 953 o=
vEFsTH(Table 3—74).

Table 3—74. DPPH radical scavenging activity of broccoli sprouts as affected by

the temperature control.

emp. DPPH radical scavenging activity (mg-L™") RC-
(C) 31 63 125 250 500 1,000 2,000 o
Distilled =90 36 cd” 62b 83c 246cd 441ab 576a 79.1a 777 d
23 45¢ 77b 150b 284b 442 ab 495b 786a 877 ¢
26 6.5ab 97a 16.3b 267bc 351c 394d 674b 1,228a
Ethanol 20 6.2ab 70b 189a 328 a 436ab 59.9a 774a 726e

23 35cd 56bc 91c 186 e 335c 46.1 bc 681Db 1,036 b

Solvent

26 77a 10l1a 153b 306a 464 a 493b 603c 886¢

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L™"), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—75. DPPH radical scavenging activity of amaranth sprouts as affected

by the temperature control.

emp. DPPH radical scavenging activity (mg-L™")
() 31 63 125 250 500 1,000 2,000

Distilled 374 54a 67a 11.0a 160a 223b 42.4 ab 2,468 ¢

water
23 35a b7a 6.0a 82b 122c¢ 175 c¢ 324 ¢ 3,303 a
26 21b 39b 56ab 89b 157ab 24.0ab 453 a 2,154 e
Ethanol 20 27b 32b 46¢ 9.3 ab 146 b 220b 39.3 bc 2,636 b
23 33a 42ab 68a 104 a 165a 265a 445a 2,268d
26 28b 40ab 59ab 94 ab 158ab 26.3a 457 a 2,190 e

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L™), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—76. DPPH radical scavenging activity of alfalfa sprouts as affected by

the temperature control.

Temp. DPPH radical scavenging activity (mg-L™%)

(T 5 63 125 250 500 1.000 2,000

Solvent RCso”

Distilled 59 634y’ 102a 115ab 20.2a 351a 422b 825 ab 1,433 b

23 74a 97a 121a 151 c¢ 235d 27.7c 622d 2,215 a
26 41bc 79bc 95c¢ 144 c¢ 287c 443ab 855a 1,221 c
Ethanol 20 5.7b  72bc 94c¢ 173b 276 ¢ 422b 69.6 c 1422 b
23 6.3ab 83b 13.7a 193 a 324ab 46.6 a 447e 1231 c
26 58b 80b 11.8ab 17.2b 30.7b 46.5a 659 cd 1,163 d

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L ™), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—77. DPPH radical scavenging activity of rape sprouts as affected by the

temperature control.

Temp. DPPH radical scavenging activity (mg-L™%)

RCs0”
(C) 31 63 125 250 500 1,000 2,000

Solvent

Distilled 90 142 4" 194b 254c 425b 726a 848a 932bh 405 e
23 108c¢ 150 cd 204d 327d 536c 659 cd 82.6cd 605 ¢
26 98¢ 131d 170e 306de 5l3c 664 cd 835cd 628 ¢
Ethanol 20 184a 253a 41.6a 497a 70.2a 785b 986a 506 d
23 121bc 17.5¢ 333b 41.6b 595b 754b 864c 756 b
26 103c¢ 152¢cd 271c 356c 553c 69.7c 733c 832a

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract concentrations (mg-L™), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—78. DPPH radical scavenging activity of red kohlrabi sprouts as affected

by the temperature control.

DPPH radical scavenging activity (mg-L™")
Solvent Teomp. RCso
(C) 31 63 125 250 500 1,000 2,000

Distilled 99 931" 137¢ 200c 352c 56.0cd 748bc 868 a 527 ¢

23 53d 61d 121d 198 e 30.7f 434 e 61.7c 1,150 a
26 8.6 bc 12.6 ¢ 196 ¢ 30.3d 488e 67.3d 83.0ab 628D
Ethanol 20 96 b 165b 249b 406b 647ab 829a 845ab 419e
23 112 a 191 a 304 a 506a 67.7a 828a 827b 324 f
26 59d 129 c¢ 21.8c¢c 371bc 59.7¢c 778 b 829b 483 d

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract  concentrations  (mg-L™'), which show 50%  activity of DPPH radical
scavenging, were determined by interpolation.
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1,000mg'L” X0l = /7T FE=9 45 23T HgFA
ZE = 26C A 77 61.2%= 7H4 =9tor 2000mel” TR E ZHS5
FZE AL 23C AT 89.5%%, oeheS FEEAE 26T A7}
T7T.8%% 7V =4 tH(Table 3—-79).

Table 3—79. DPPH radical scavenging activity of red radish sprouts as affected

by the temperature control.

. . .. -1

Temp. DPPH radical scavenging activity (mg-L ) ,

Solvent (C) RCso
31 63 125 250 500 1,000 2,000

Distilled 99 98 4" 155 a 21.8ab 364 a 57.3a 737b 883 a 516 ¢

23 9.1 a 145 a 239 a 37.8 a 59.2a 795a 895 a 466 d
26 8.8 ab 13.2 ab 23.1 a 38.8 a 587 a 76.1a 88.3a 483 d
Ethanol 20 42d 78 e 11.1cd 202 ¢ 339 ¢ 520d 71.7 ¢ 923 a

23 77 b 105 c 146 ¢ 249 b 41.3b 599c 77.7b 762D
26 6.2 bc 9.6 cd 13.6 ¢ 25.1 b 43.0b 61.2c 77.8 b 739 b

“Mean separation within column by Duncan's multiple range test at 5% level.
YExtract  concentrations (mg-L™'), which show 50% activity of DPPH radical
scavenging, were determined by interpolation.
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Table 3—80. Nitrite radical scavenging activity of the various sprout vegetables

as affected by the temperature control.

Nitrite radical scavenging activity

Solvent Teomp. (% of control, in 1000mg-L™")

(€ Broccoli Amaranth Alfalfa Rape Red Red

D kohlrabi  radish

Diséille ,

20 81.1 ab® 76.9 ab 82.6 bc 84.9 a 81.2 ab 85.8 ab
water

23 81.6 ab 78.5 a 84.3 bc 80.6 b 83.4 a 8.0 a

26 85.4 a 79.3 a 81.3 ¢ 81.4 ab  81.0 ab 85.8 ab
Ethanol 20 73.3 ¢ 73.3 Db 88.2 a 825 ab 709 c¢cd 741 d

23 73.7 ¢ 66.8 ¢ 85.4 b 83.7 a 73.7 ¢ 81.5 ¢

26 70.1 cd 64.6 ¢ 83.6 bc 84.4 a 63.9 e 76.5 d

"Mean separation within columns by Duncan's multiple range test at 5% level.
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[ Camera Software ]
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#include <qpe/gpeapplication.h>
#include "autoseed.h"

int main(int argc, char **argv)



QPEApplication a(argc, argv);

SeedDlg *mw = new SeedDlg;

a.setMainWidget(mw);

mw—>show();

a.connect(&a, SIGNAL(lastWindowClosed()), &a, SLOT(quit()) );

return a.exec();

/¥ GPIO 23~26, 28~31 : General Purpose I/O used set GAFR to "00"
* GPIO 42~45 @ Bluetooth Module Set GAFR to as followings.
* GP42:01, GP43:10, GP44:01, GP45:10
*/

#include<stdio.h>
#include<stdlib.h>
#include<unistd.h>
#include<sys/types.h>
#include<sys/stat.h>
#include<fcntl.h>
#include<sys/mman.h>

#include"portsetting.h"

/% GPIO2] o= #/
unsigned long *gpsr0, *gpcr0, *gpdr0, *gpdrl, *gafrO_U, *gafrl_L, *cken;

main()

{
int *addr, *addrl;
int fd; [+ 3D TIEAp «/
int i=10000;

fd = open("/dev/mem", O_RDWR|O_SYNC);



addr =
mmap(0,SIZE,PROT_READ|PROT_WRITE,MAP_SHARED, fd,GPIO_BASE);

addrl =
mmap(0,SIZE,PROT_READ|PROT_WRITE,MAP_SHARED, fd,CKEN_REG);

gafrO_U = (unsigned long *)((unsigned char *)addr + GAFR0_U);
//Alternate Function Register

gafrl_L. = (unsigned long *)((unsigned char *)addr + GAFR1_L);
//Alternate Function Register

gpsrO0 = (unsigned long *)((unsigned char *)addr + GPSRO);
//Set gpcrO0 = (unsigned long *)((unsigned char *)addr + GPCRO);
//Clear gpdrO = (unsigned long *)((unsigned char *)addr + GPDRO);
//Direction — All out
cken = (unsigned long *)((unsigned char #*)addr);
xcken | = 0x80;

/% GPIO 23~26, 28~31% vt HEYXEZE upHitt), «/
xgafr0_U &= 0x00c03fff; // 0000 | 0000 | 1100 | 0000 | 0011 | ...

/% GPI042~45 & Bluetooth & A A3}, =/
wgafrl_L &= OxfOOfffff; // 1111 | 0000 | 1001 | ...
xgafrl_L |= 0x00900000;

[+ 87 XEE EFHo g A «/

+gpdr0 | = (GP23 | GP24 | GP25 | GP26 | GP28 | GP29 | GP30 | GP31); /&4

/¥ BF52~2] DCD(Bluetooth Connection Detect) Signal & & o= HA «/

*gpdr0 &= ~GP27;

/% All port Clear */
xgper0 | = (GP23 | GP24 | GP25 | GP26 | GP28 | GP29 | GP30 | GP31);

close(fd);



HA, g R XS Flasta, 4 A Ao R Aol
o = 1=
= [e)

ome A Au) 43

// WebCamDlg.cpp : implementation file
/!

#include "stdafx.h"

#include "WebCam.h"

#include "WebCamDlg.h"

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE_;
#endif

s
// CAboutDlg dialog used for App About

class CAboutDlg : public CDialog
{
public:

CAboutDIg();

// Dialog Data
J/{{AFX_DATA(CAboutDlg)
enum { IDD = IDD_ABOUTBOX };
//} YAFX_DATA

// ClassWizard generated virtual function overrides

//{{AFX_VIRTUAL(CAboutDlg)

protected:

virtual void DoDataExchange(CDataExchange* pDX);
support

//} YAFX_VIRTUAL

// DDX/DDV



// Implementation

protected:
//{A{AFX_MSG(CAboutDlg)
//} YAFX_MSG
DECLARE_MESSAGE_MAP()

)

CAboutDlg::CAboutDlg() : CDialog(CAboutDlg::IDD)
{

J/A{AFX_DATA_INIT(CAboutDlg)

//} YAFX_DATA_INIT

void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{
CDialog::DoDataExchange(pDX);
//{A{AFX_DATA_MAP(CAboutDlg)
//}}AFX_DATA_MAP

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
J/HA{AFX_MSG_MAP(CAboutDIg)
// No message handlers
//} YAFX_MSG_MAP
END_MESSAGE_MAP()

s
// CWebCamDlg dialog

CWebCamDlg::CWebCamDIlg(CWnd* pParent /*=NULL%*/)
: CDialog(CWebCamDlg::IDD, pParent)

JA{AFX_DATA_INIT(CWebCamDlg)
m_strTime = _T("");

m_strSaveTimel

_T(””);
m_strSaveTime2 = _T("");
T("");

m_strSaveTime3



m_strSaveTime4 = _T("");

m_strSaveTime5 = _T("");
_T(””) ;

m_strSaveTime6

m_bAutoMode = FALSE;

//}YAFX_DATA_INIT

// Note that Loadlcon does not require a subsequent Destroylcon in
Win32

m_hlcon = AfxGetApp()—>Loadlcon(IDR_MAINFRAME);

void CWebCamDlg::DoDataExchange(CDataExchange* pDX)

{
CDialog::DoDataExchange (pDX);
//{{AFX_DATA_MAP(CWebCamDlg)
DDX_Control(pDX, IDC_SAVEPIC6, m_ctlSave6);
DDX_Control(pDX, IDC_SAVEPIC5, m_ctlSave5);
DDX_Control(pDX, IDC_SAVEPIC4, m_ctlSave4);
DDX_Control(pDX, IDC_SAVEPIC3, m_ctlSave3);
DDX_Control(pDX, IDC_SAVEPIC2, m_ctlSave2);
DDX_Control(pDX, IDC_SAVEPIC, m_ctlSavel);
DDX_Control(pDX, IDC_NOWCAM, m_PicNow);
DDX_Text(pDX, IDC_TIME, m_strTime);
DDX_Text(pDX, IDC_SAVETIME1, m_strSaveTimel);
DDX_Text(pDX, IDC_SAVETIMEZ2, m_strSaveTime2);
DDX_Text(pDX, IDC_SAVETIME3, m_strSaveTime3);
DDX_Text(pDX, IDC_SAVETIME4, m_strSaveTime4);
DDX_Text(pDX, IDC_SAVETIMES, m_strSaveTime5);
DDX_Text(pDX, IDC_SAVETIMEG6, m_strSaveTime6);
//}}AFX_DATA_MAP

BEGIN_MESSAGE_MAP(CWebCamDlg, CDialog)
J/{{AFX_MSG_MAP(CWebCamDlg)
ON_WM_SYSCOMMAND()
ON_WM_PAINT()
ON_WM_QUERYDRAGICON()



ON_WM_TIMER()
ON_BN_CLICKED(IDC_CAMSTOP, OnCamstop)
ON_BN_CLICKED(IDC_PREVIEW, OnPreview)
ON_BN_CLICKED(IDC_STOPSAVE, OnStopsave)
ON_BN_CLICKED(IDC_SAVEAVI, OnSaveavi)
ON_BN_CLICKED(IDC_BTN_START_AUTOZ2, OnBtnStartAuto2)
//} YAFX_MSG_MAP

END_MESSAGE_MAP()

0001707171171
// CWebCamDlg message handlers

BOOL CWebCamDlg::OnlnitDialog()
{
CDialog::OnlInitDialog();

// Add "About..." menu item to system menu.

// IDM_ABOUTBOX must be in the system command range.
ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);
ASSERT(IDM_ABOUTBOX < 0xF000);

CMenu* pSysMenu = GetSystemMenu(FALSE);
if (pSysMenu != NULL)
{
CString strAboutMenu;
strAboutMenu.LoadString(IDS_ABOUTBOX);
if (!strAboutMenu.IsEmpty())
{
pSysMenu—>AppendMenu(MF_SEPARATOR);
pSysMenu—>AppendMenu(MF_STRING,
IDM_ABOUTBOX, strAboutMenu);
¥

// Set the icon for this dialog. The framework does this automatically

// when the application's main window is not a dialog



Setlcon(m_hlcon, TRUE); // Set big icon
SetIcon(m_hlIcon, FALSE); // Set small icon

// TODO: Add extra initialization here

m_Click = 1;

SetTimer(10,100,NULL);

if(!InitCam())
MessageBox("Zhd| 2} 7|3} A" "7 31" MB_OK);

((CComboBox#*)GetDlgltem(IDC_CMB_TIME_PERIOD) ) —>SetCurSel(0);

return TRUE; // return TRUE unless you set the focus to a control

void CWebCamDlg::OnSysCommand(UINT nID, LPARAM IParam)

{
if ((nID & O0xFFF0) == IDM_ABOUTBOX)

{
CAboutDlg dlgAbout;
dlgAbout.DoModal();
¥
else
{
CDialog::OnSysCommand(nID, [Param);
¥

// If you add a minimize button to your dialog, you will need the code below
// to draw the icon. For MFC applications using the document/view model,

//  this is automatically done for you by the framework.

void CWebCamDlg::OnPaint()
{
if (IsIconic())



CPaintDC dc(this); // device context for painting

SendMessage (WM_ICONERASEBKGND, (WPARAM)
dc.GetSafeHdc(), 0);

// Center icon in client rectangle

int cxIcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
CRect rect;

GetClientRect(&rect);

int x = (rect.Width() — cxIcon + 1) / 2;

int y = (rect.Height() — cylcon + 1) / 2;

// Draw the icon

dc.Drawlcon(x, y, m_hlcon);

else

CDialog::OnPaint();

// The system calls this to obtain the cursor to display while the user drags
// the minimized window.
HCURSOR CWebCamDlg::OnQueryDraglcon()
{
return (HCURSOR) m_hIcon;

BOOL CWebCamDlg::InitCam()
{
HWND g_hwndCap;

CRect rect;
m_PicNow.GetWindowRect(&rect);
ScreenToClient(&rect);



&

HWND VFWAPI capCreateCapture Window (
LPCSTR IpszWindowName,
DWORD dwStyle,

int X,
int y,
int nWidth,
int nHeight,
HWND hWnd,
int nID
)
*/
if(! (g_hwndCap = capCreateCaptureWindow(
NULL,
WS_CHILD | WS_VISIBLE,
rect.left,
rect.top,
rect.Width(),
rect.Height(),
m_hWnd,
1)
)

)
return FALSE;

m_hwndCap = g_hwndCap;

15
BOOL capDriverConnect(
hwnd,

iIndex

);

hwnd

Handle to a capture window.



ilndex
Index of the capture driver. The index can range from O through 9.
Return Values
Returns TRUE if successful or FALSE if the specified capture driver
cannot be connected to the capture window
*/
if (! (capDriverConnect(
m_hwndCap,
0))
)
return FALSE;

vidcapSetLive(TRUE);
vidcapSetOverlay (FALSE);

//capPreviewRate(m_hwndCap, 66); // rate, in milliseconds
//capPreview(m_hwndCap, TRUE); // starts preview
//capPreviewScale(m_hwndCap, TRUE );

return TRUE,;

void CWebCamDlg::OnTimer(UINT nIDEvent)
{
// TODO: Add your message handler code here and/or call default
if(nIDEvent == 10){
UpdateData(FALSE);
m_strTime = GetTime(1);

if(nIDEvent == 11){
OnStopsave();

CDialog::OnTimer(nIDEvent);



CString CWebCamDlg::GetTime(int ntime)
{

SYSTEMTIME st;

CString strTime;

GetLocalTime(&st);
strTime.Format(" %04d-%02d-%02d
(%02d” %02d" %02d)",st.wYear,st.wMonth,

st.wDay,st.wHour,st.wMinute,st.wSecond);

return strTime;

void CWebCamDlg::OnCamstop()

{
// TODO: Add your control notification handler code here
vidcapSetLive(FALSE);
vidcapSetOverlay(TRUE);
// Grab a frame
fResult = capGrabFrameNoStop(m_hwndCap) ;
}

void CWebCamDlg::vidcapSetLive(BOOL bLive)

{
capPreview(m_hwndCap, bLive);
capPreviewRate(m_hwndCap, 66); // rate, in milliseconds
capPreviewScale(m_hwndCap, TRUE );

if (bLive == TRUE) {
vidcapSetOverlay (FALSE);



extern CAPDRIVERCAPS gCapDriverCaps ;

void CWebCamDlg::vidcapSetOverlay (BOOL bOverlay)

{
if (!gCapDriverCaps.fHasOverlay) {
return;
}
capOverlay (m_hwndCap, bOverlay);
if (bOverlay == TRUE) {
vidcapSetLive(FALSE);
}
}

void CWebCamDlg::OnPreview()

{
// TODO: Add your control notification handler code here
capGetStatus(m_hwndCap, &gCapStatus, sizeof(CAPSTATUS)) ;
vidcapSetLive(!gCapStatus.fLiveWindow) ;
}

CString CWebCamDlg::cmdSaveDIB(CString strTime)

{
CString strFirst;
strFirst.Format("c:\\image\\%s.bmp",strTime);
capFileSaveDIB(m_hwndCap, (LPSTR)(LPCSTR)strFirst);
return strFirst;

}

void CWebCamDlg::OnStopsave()
{



// TODO: Add your control notification handler code here

UpdateData(FALSE);
CString strGetFileName = cmdSaveDIB(m_strTime);

char* chFileName = (LPSTR)(LPCSTR)strGetFileName;

HANDLE m_hImage;
m_hImage = (HBITMAP)Loadlmage( NULL, chFileName,

IMAGE_BITMAP, 0, 0, LR_LOADFROMFILE );
if(m_Click == 1)
{
if (m_ctlSavel.GetBitmap() == NULL)

m_ctlSavel.SetBitmap((HBITMAP)m_hImage);

m_strSaveTimel = m_strTime;

m_Click++;
}
else if(m_Click == 2)
{

if (m_ctlSave2.GetBitmap() == NULL)

m_ctlSave2.SetBitmap((HBITMAP)m_hImage);

m_strSaveTime2 = m_strTime;

m_Click++;
}
else if(m_Click == 3)
{

if (m_ctlSave3.GetBitmap() == NULL)

m_ctlSave3.SetBitmap((HBITMAP)m_hImage);



m_strSaveTime3 = m_strTime;

m_Click++;
}
else if(m_Click == 4)
{

if (m_ctlSave4.GetBitmap() == NULL)

m_ctlSave4.SetBitmap((HBITMAP)m_hImage);

m_strSaveTime4 = m_strTime;

m_Click++;
}
else if(m_Click == 5)
{

if (m_ctlSaveb5.GetBitmap() == NULL)

m_ctlSave5.SetBitmap((HBITMAP)m_hImage);

m_strSaveTimeb = m_strTime;

m_Click++;
}
else if(m_Click == 6)
{

if (m_ctlSave6.GetBitmap() == NULL)

m_ctlSave6.SetBitmap((HBITMAP)m_hImage);

m_strSaveTime6 = m_strTime;

m_Click = 1;



else

m_Click = 1;

m_hImage = NULL;

void CWebCamDlg::OnSaveavi()

{
// TODO: Add your control notification handler code here
UpdateData(FALSE);
CString strGetFileName = cmdSaveVideoAs(m_strTime);
}

CString CWebCamDlg::cmdSaveVideoAs(CString strFileName)
{

CString strFirst;
strFirst.Format("%s.avi",strFileName);
capFileSaveAs(m_hwndCap, (LPSTR)(LPCSTR)strFirst) ;

return strFirst;

void CWebCamDlg::OnBtnStartAuto2()
{

UpdateData(FALSE);

int nlndex =
((CComboBox*)GetDlgltem(IDC_CMB_TIME_PERIOD) ) —>GetCurSel() + 1;

if(!'m_bAutoMode){
SetTimer(11,nIndex*1000%3600,NULL);

m_bAutoMode = true;

((CComboBox*)GetDlgltem(IDC_BTN_START_AUTO2))—>SetWindowText ("% A



a71");
¥
else {
KillTimer(11);
m_bAutoMode = false;

((CComboBox*)GetDlgltem(IDC_BTN_START_AUTO2))—>SetWindowText("A] 2}
71"



Appendix 3—1. Amino acids contents in broccoli sprouts as affected by the LED

colors as a light.

Characters

Amino acids contents (mg-100g”" DW)

Blue Green Red Red Blue Yellow
Phosphoserine 10.69 bc” 1321 Db 25.86 a 9.40 ¢ 818 ¢
Taurine 48.03 b 23.66 cd 29.35 ¢ 20.17 d 72.39 a
Phospho ethanol amine 54.11 b 47.38 ¢ 66.66 a 52.75 b 49.76 bc
Urea 43.87 ¢ 47.38 b 49.81 b 87.47 a 46.86 b
Aspartic acid 26.88 ¢ 3762 b 64.76 a 64.00 a 16.14 d
Hydroxyproline 40.67 ab 4792 a 37.25 b 43.27 a nd
Threonine 18.26 ¢ 9.21d 71.70 a 38.01 b 19.08 ¢
Serine 39.05 b 22.66 ¢ 4,34 ¢ 1542 d 55.45 a
Glutamic acid 135.68 a 101.43 ¢ 104.00 ¢ 116.33 b 119.50 b
a—Amino adipic acid 2468 b 1872 ¢ 36.58 a 3.82 d 30.60 ab
Proline 24.26 d 33.63 ¢ 59.64 a 47.57 b 31.23 ¢
Glycine 8.81 ¢ 61.85 a 9.38 ¢ nd 1143 b
Alanine 8.35 ¢ 48.72 ab nd* 38.33 b 55.59 a
Citrulline 19.81 ab 16.90 b nd 21.17 a 18.00 ab
a—amino butyric acid 23.63 b 2172 b 46.66 a nd nd
Valine 67.97 ab 71.34 a 61.36 b 72.12 ab 60.04 b
Cystine 32.01 b 45.04 a nd nd 4291 a
Methionine 43.60 a 20.82 ¢ 31.13 b 26.07 bc 27.50b ¢
Isoleucine 32.00 ab 26.44 b 23.84 b 19.38 ¢ 38.68 a
Leucine 47.85 ¢ 51.01 b 67.81 a 58.08 ab 35.35 d
Tyrosine 23.73 ab 1830 b nd 22.02 ab 29.15 a
Phenylalanine 14.06 ¢ 16.68 b 20.94 a nd nd
Y—Amino butyric acid  23.19 b 16.00 ¢ 10.13 d 28.20 ab 30.39 a
Histidine 59.84 b 59.99 b 70.89 a 54.69 b 59.69 b
Tryptophan 19.46 ab 18.02 ab 18.37 ab 1641 b 2091 a
Carnosine 25.96 a 25.10 a 17.59 ab 14.57 b 26.82 a
Ornithine 14.27 ab 18.05 a 10.88 b 20.18 a nd
Lysine 38.58 b 36.63 b 47.96 a 44.19 a 40.53 ab
Argine 13.46 b 23.75 ab 28.59 a 31.63 a 16.14 b
Total 982.79 b 999.20 ab 1,015.50 a  965.26 ¢ 962.35 ¢

“Mean separation within rows by Duncan's multiple range test at 5% level.

*nd : no detection.



Appendix 3—2. Amino acids contents in amaranth sprouts as affected by the

LED colors as a light.

Amino acids contents (mg-100g™' DW)

Characters
Blue Green Red Red Blue Yellow
Phosphoserine 12.71 b* 1543 a 9.16 ¢ 12.08 b 16.01 a
Taurine 38.36 b 38.76 b 46.57 ab  34.87 ¢ 52.60 a
Phospho ethanol amine  28.47 ab 28.29 ab 30.14 a 26.32 b 25.12 b
Urea 47.87 b 48.67 b 47.05 b 58.02 a 45.14 b
Aspartic acid 32.12 d 46.14 b 57.86 a 48.70 b 38.05 ¢
Hydroxyproline 34.86 ab 36.59 a 31.42 b 37.98 a 37.84 a
Threonine 39.28 ¢ 58.73 a 48.25 b 43.61 bc 34.11 d
Serine 46.60 a 38.14 b 26.09 ¢ 46.72 a 40.55 ab
Glutamic acid 68.85 ¢ 76.25 b 83.98 a 75.41 b 80.96 ab
a—Amino adipic acid 38.66 a 34.40 a 34.02 a 28.26 b 18.83 ¢
Proline 17.82 ¢ 26.30 a 17.54 ¢ 22.88 b 20.59 b
Glycine 44.77 a 44.06 a 38.75 b 34.67 b 22.91 ¢
Alanine 36.99 a 28.68 ¢ 15.95 d 32.74 b 39.96 a
Citrulline 9.83 b 3.62 ¢ 10.53 b 10.22 b 16.62 a
a—amino butyric acid 29.14 ab 34.76 a 22.04 b 23.44 b 33.97 a
Valine 49.25 ab 44.88 b 49.01 ab  49.48 ab 52.39 a
Cystine 18.59 a 4.26 ¢ 11.37 b 4.85 ¢ 15.92 ab
Methionine 27.44 b 29.04 ab 30.81 ab 33.95 a 22.60 ¢
Isoleucine 21.97 ¢ 20.55 ¢ 24.49 b 25.05 b 31.59 a
Leucine 18.97 b 23.17 a 18.00 b 24.83 a 15.86 ¢
Tyrosine 18.01 ab 13.30 b 16.99 ab  19.18 a 20.58 a
Phenylalanine 16.65 b 19.97 a 14.69 b 19.96 a 15.76 b
Y—-Amino butyric acid 13.20 d 19.10 cd 2961 b 31.08 b 40.74 a
Histidine 42.86 b 42.76 b 41.36 b 42.46 b 52.02 a
Tryptophan 15.94 b 14.37 b 17.49 a 18.61 a 14.21 b
Carnosine 2415 b 17.98 ¢ 16.11 ¢ 23.90 b 38.02 a
Ornithine 15.13 ab 11.26 ¢ 13.68 b 18.56 a 11.40 ¢
Lysine 42.02 b 48.66 a 41.24 b 41.83 b 39.76 b
Argine 23.84 b 24.66 b 15.98 ¢ 35.13 a 20.05 bc
Total 874.36 ¢ 892.79 b 860.20 d 925.8 a 914.15 a

“Mean separation within rows by Duncan's multiple range test at 5% level.



Appendix 3—3. Amino acids contents in alfalfa sprouts as affected by the LED

colors as a light.

Amino acids contents (mg-100g™' DW)

Characters
Blue Green Red Red Blue Yellow
Phosphoserine 8.11 b’ 11.17 ab  13.21 a 12.20 ab  16.00 a
Taurine 45.73 ab  37.66 b 39.66 b 35.88 ¢ 52.10 a
Phospho ethanol amine 31.24 a 26.77 ab  29.12 ab 25.22 Db 24.22 b
Urea 49.10 b 46.44 b 47.67 b 58.02 a 46.11 b
Aspartic acid 56.88 a 33.22 d 45.24 b 47.70 b 37.04 cd
Hydroxyproline 33.41 b 36.88 ab 36.59 a 37.98 a 38.77 a
Threonine 49.22 b 24.00 ¢ 59.74 a 42.11 bc 35.22 d
Serine 2419 ¢ 41.20 a 39.24 b 45.70 a 41.50 ab
Glutamic acid 82.88 a 59.80 b 75.22 ab 74.22 ab 81.66 a
a—Amino adipic acid 35.11 b 41.26 a 36.20 b 27.11 ¢ 19.63 d
Proline 15.44 ¢ 19.81 ¢ 25.20 a 23.30 b 21.44 b
Glycine 39.77 b 45,78 a 46.66 a 33.77 bc  21.81 ¢
Alanine 14.99 ¢ 38.10 a 25.67 b 34.44 ab  38.66 a
Citrulline 12.33 b 9.90 b 4.22 ¢ 11.12 b 17.82 a
a—amino butyric acid 20.14 ¢ 30.10 b 33.66 a 22.33 ¢ 32.77 a
Valine 50.01 a 50.20 a 42,77 b 48.44 a 51.40 a
Cystine 13.27 b 20.60 a 3.28 ¢ 3.95 ¢ 16.90 a
Methionine 29.81 ab 26.40 b 28.22 ab  32.98 a 21.70 ¢
Isoleucine 26.40 b 22.77 ¢ 21.44 ¢ 26.02 b 32.69 a
Leucine 17.01 b 19.99 b 22.22 a 26.33 a 16.66 ¢
Tyrosine 16.09 b 19.10 ab 14.20 ¢ 20.12 a 22.88 a
Phenylalanine 16.69 b 17.66 b 18.77 a 19.98 a 16.77 b
Y—Amino butyric acid  27.21 b 14.20 d 17.11 ¢ 30.09 b 42.44 a
Histidine 42.36 b 41.88 b 43.55 b 41.66 b 51.12 a
Tryptophan 18.40 a 16.90 b 13.23 b 19.88 a 15.11 b
Carnosine 18.12 ¢ 23.15 b 16.77 ¢ 24.99 b 37.22 a
Ornithine 14.78 b 16.23 ab 10.12 ¢ 19.66 a 12.44 ¢
Lysine 42.44 b 43.02 b 47.56 a 42.88 b 40.66 b
Argine 16.99 ¢ 24.88 b 23.33 b 36.23 a 19.00 bc
Total 868.12 ¢ 1075.07 ¢ 879.87 b 924.31 a 921.74 ab

"Mean separation within rows by Duncan's multiple range test at 5% level.



Appendix 3—4. Amino acids contents in rape sprouts as affected by the LED

colors as a light.

Amino acids contents (mg-100g™" DW)

Characters

Blue Green Red Red Blue White Yellow
Phosphoserine 8.92 b* 10.64 a 8.92 b 9.35 ab 9.78 ab 8.86 Db
Taurine 56.39 b 5477 b 56.82b 53.47 b 61.46 ab 68.58 a
Phospho ethanol amine 13.46 ab 15.19 a 7.87 d 9.59 ¢ 11.26 b 11.04 b
Urea 43.09 45.61 43.36 44.94 46.52 45.65
Aspartic acid 62.46 a 2883 d 4387b 40.11 b 36.35 ¢ 25.28 d
Hydroxyproline 52.42 a 46.92 b 3140 ¢ 46.55 b nd 30.98 ¢
Threonine 63.24 a 50.66 ¢ 5957b 57.34b 5512b 5590b
Serine 762 e 41838 a 1204d 19.50b 1649bc 1646 b
Glutamic acid 92.78 b 85.74 ¢ 110.64 a 104.42 a 98.19 ab 73.32 d
a—Amino adipic acid nd* 83.52 a 4449 d 5424 ¢ 64.00 b 88.97 a
Proline 20.32 a 10.87 bc 1442b 1353 b 1264 b 852 ¢
Glycine 5311 ¢ 53.70 ¢ 6207b 70.55a 57.88bc 71.03 a
Alanine nd nd 2173 ¢ 2397 ¢ 2606 bc 3558 a
Citrulline nd 2.50 ab  3.60 a 0.63 b 1.25 b 2.59 ab
a—amino butyric acid 32.61 a 11.88d 1979 ¢ 228bc 16.75 ¢ 2518 b
Valine 3747 a 31.00 ab 38.29a 1878 ¢ 2453 b 23.09 b
Cystine 477 a 2.72 b 2.39 b 247 b 2.55 b nd
Methionine 1239 ¢ 3048 ab 2234 b 3437 a 2641 Db 3228 a
Isoleucine nd 20.15 a 9.34 ¢ 12.04 b 1474 b 18.68 ab
Leucine 9.85b 11.96 ab 449 ¢ 1459 a 273 d nd
Tyrosine nd nd nd 221 Db 441 a nd
Phenylalanine 1231 b 12.32b 1367b 13.33b 1299 b 15.03 a
Y-Amino butyric acid nd 31.98 bc 68.04 a 2164 ¢ 3652 Db nd
Histidine 3873 a 26.39b  2067c 2492b 40.46 a 2519 b
Tryptophan 6.47 ab 8.81 a nd 1.81 d 414 ¢ nd
Carnosine 17.03 a 14.94 b 6.73 d 878 ¢ 10.83 bc 1345 Db
Ornithine 1319 b 18.08 a 5.35d 8.53 ¢ 11.71 bc 10.69 bc
Lysine 893 b 1297 a 1067 ab 1124 a 11.82 a 12.38 a
Argine 10.39 ¢ 2291 a 1323 Dbc 1565 b 18.07 ab 16.08 b
Total 677.96 ¢ 787.43 a 755.75ab 75lL38ab 7H6E9b 73480 b

;Mean separation within rows by Duncan's multiple range test at 5% level.
“nd : no detection.



Appendix 3—5. Amino acids contents in red kohlrabi sprouts as affected by the

LED colors as a light.

Amino acids contents (mg-100g™' DW)

Characters

Blue Green Red Red Blue  White Yellow
Phosphoserine 459 b’ nd* 6.55 b 12.43 a 9.17 ab 8.51 ab
Taurine 29.00 ab  25.34 b 34.83 a 29.63 ab  21.33 ¢ 29.31 ab
Phospho ethanol amine  27.94 b nd 2593 bc  19.89 d 38.51 a 23.92 ¢
Urea 41.32 b 49.57 a 4787 a 49.64 a 47.04 a 48.46 a
Aspartic acid 30.74 ¢ 52.72 b 31.15 ¢ 32.38 ¢ 89.43 a 31.56 ¢
Hydroxyproline 2919 ab 3357 a 29.89 ab  32.01 a 24.83 b 30.60 ab
Threonine 43.09 b nd 43.67 b nd 86.16 a 44.25 b
Serine 41.86 ¢ 67.29 a 4822 bc  67.29 a 16.43 d 5457 b
Glutamic acid 16.76 a 15.96 a 16.19 a 14.48 a 1757 a 15.62 a
a—Amino adipic acid 7.86 d 15.71 ¢ 2541 b 34.70 a nd 32.12 a
Proline 7.84 b 15.67 a 917 b 13.21 a nd 10.52 ab
Glycine 14.87 cd  20.72 b 9.69 d 12.09 cd  30.17 a 30.91 a
Alanine 9.58 b 15.96 a 1512 a 16.72 a 1343 ab 836 b
Citrulline nd nd 1.25b 501 a nd nd
a—amino butyric acid 58.13 a 4578 b 57.81 a 56.84 a 34.08 ¢ 57.49 a
Valine 54.27 a 37.32 d 50.49 ab  46.71 b 45.90 b 41.31 be
Cystine 5.64 6.27 5.58 5.42 5.00 5.53
Methionine 30.08 b 47.55 a 29.73 b 28.69 b 12.61 ¢ 29.38 b
Isoleucine 22.61 bc  36.56 a 22.36 bc 21.62 bc  19.87 ¢ 22.11 be
Leucine 2.37 b nd 248 b 2.83 b 562 a 2.60 b
Tyrosine 16.46 a 15.59 a 16.7 4 a 17.58 a 17.33 a 17.02 a
Phenylalanine 19.21 b 27.69 a 16.81 b 9.60 ¢ 10.73 ¢ 14.41 be
Y—Amino butyric acid nd nd 19.37 a 1431 b nd 14.83 b
Histidine 57.64 b 66.06 a 61.42 ab  50.17 bc 3794 d 65.20 a
Tryptophan 15.24 ¢ 31.01 a 15.97 ¢ 1815 b nd 16.69 ¢
Carnosine 19.75 b 31.92 a 1892 b 16.42 b 757 ¢ 18.08 b
Ornithine 10.99 ¢ 21.97 a 14.61 b nd nd 18.23 ab
Lysine 54.18 b 52.69 b 54.25 b 64.56 a 45.56 ¢ 54.32 b
Argine 33.62 b 50.83 a 32.65 b 29.74 bc  16.42 d 31.68 b
Total 704.82 bc  783.77 a 76413 ab 72214 b 652.69 d 77759 b

;Mean separation within rows by Duncan's multiple range test at 5% level.
“nd : no detection.



Appendix 3—6. Amino acids contents in red radish sprouts as affected by the

LED colors as a light.

Amino acids contents (mg-100g™" DW)

Characters

Blue Green Red Red Blue  White Yellow
Phosphoserine 42.36 o 16.21 bc  43.13 a 14.09 ¢ 7.01 d 20.28 b
Taurine nd* 3918 cd  50.24 b 42.60 ¢ 55.48 a 31.89 d
Phospho ethanol amine  9.30 d 11.01 d 36.11 a 17.03 ¢ 16.70 ¢ 31.55 ab
Urea 49.29 a 49.42 a 48.86 a  50.28 a 50.78 a 49.97 a
Aspartic acid 42.84 bc  49.26 b 43.32 bc 4731 b 78.78 a 34.01 d
Hydroxyproline 31.90 a 28.18 a 29.16 a 30.57 a 28.75 a 29.95 a
Threonine 11.01 e 4216 bc  59.02a 4714 b 33.48 d 4775 b
Serine 57.26 bc  62.28 b 1189 e 6141 b 32.38 d 92.72 a
Glutamic acid 94.80 a 83.61 b 8416 b 82.11b 84.47 b 85.03 b
a—Amino adipic acid  18.03 a 9.98 ¢ 14.38 b 12.08 bc 13.38 b 14.83 b
Proline 22.99 b 1741 be  30.44 a 1883 bc 1571 ¢ 18.61 be
Glycine 12.21 de  29.58 ¢ 8.37 e 84.20 a 58.14 b 15.30 d
Alanine 54.72 b 43.94 ¢ 88.21 a 4535 ¢ nd 55.32 b
Citrulline 15.25 a 6.97 c nd 5.23 ¢ nd 10.02 ab
a—amino butyric acid 11.18 a 12.67 a 12.06 a 12.73 a 13.72 a 12.16 a
Valine 57.78 b 5749 b 68.27 a  52.67 b 57.63 b 61.24 ab
Cystine 10.37 a 5.55 b 0.01 ¢ 4.90 b 5.90 b 521 b
Methionine 2041 d 31.69 b 25.09 ¢cd 3198 b 40.62 a 27.29 ¢
Isoleucine 33.47 a 2410 b 21.60 ¢ 24.69 b 31.33 a 20.63 ¢
Leucine nd 7.46 b nd 7.46 b 15.80 a 3.29 ¢
Tyrosine 16.12 b 19.94 ab  18.67 ab 20.10 a 2249 a 18.71 ab
Y—Amino butyric acid nd 19.86 b 2401 b 36.00 a 20.96 b 20.50 b
Histidine 51.08 a 33.04 bc  29.22 ¢ 30.30 ¢ 29.10 ¢ 8.79 d
Tryptophan nd 22.71 ¢ 36.98 a 25.05 b 2718 b 21.05 ¢
Carnosine nd 18.20 b 15.05 bc¢ 1914 b 28.87 a 13.10 ¢
Ornithine 88.49 a 34.16 b 8.030 e  29.13 ¢ 20.06 d 39.95 b
Lysine 10.01 a 14.00 a 15.87 a 14.37 a 15.06 a 13.56 a
Argine 55.42 b 57.47 b 62.36 ab  70.87 a 69.02 a 64.77 ab
Total 816.32 d 84753 c 88450b 93761 a 87281 b 867.46 b

;Mean separation within rows by Duncan's multiple range test at 5% level.
“nd : no detection.



Appendix 3—7. Qualities of young sprouts of 6 salad plants as affected by the

LED colors as a light quality.

LED colors
Plants Qualities
Blue Green Red  White Yellow Red Bue
Fresh weight +++ ++ +
Vitamin content ++ + +++
Inorganic matters content ++ + +++
Amino acids content + ++ +++
Total phenolic content + +++ ++
Broccoli  Total flavonoid content +++ + ++
DPPH radical—scavenging activity — ++ +++ +
Nitrite radical—scavenging activity + +++ ++
Tyrosinase inhibition activity ++ + +++
Anti—microbial activity +++ ++ +
Total +++ + ++
Fresh weight ++ +++ +
Vitamin content + +++ ++
Inorganic matters content + ++ +++
Amino acids content + ++ +++
Total phenolic content ++ + +++
Amaranth Total flavonoid content + ++ +++
DPPH radical —scavenging activity + ++ +4+
Nitrite radical—scavenging activity ++ + +++
Tyrosinase inhibition activity +++ + ++
Anti—microbial activity +++ + ++
Total ++ + +++
Fresh weight ++ + +++
Vitamin content + +4++ ++
Inorganic matters content ++  +++ +
Amino acids content + ++ +++
Total phenolic content +++ ++ +
Alfalfa Total flavonoid content + ++ +++
DPPH radical —scavenging activity + +++ ++
Nitrite radical—scavenging activity +++ + ++
Tyrosinase inhibition activity ++ +++ +
Anti—microbial activity + ++ +++
Total + ++ +++




Appendix 3—7 continues.

LED colors
Plants Qualities
Blue Green  Red  White Yellow Red Bue
Fresh weight +++ ++ +
Vitamin content + ++ +++
Inorganic matters content + ++ +++
Amino acids content +++ ++ +
Total phenolic content ++ +++ +
Rape  Total flavonoid content +++ ++ +
DPPH radical —scavenging activity — ++ + +++
Nitrite radical —scavenging activity ~— + +++ ++
Tyrosinase inhibition activity ++ +++ +
Anti—microbial activity +++ ++ +
Total ++ +++ +
Fresh weight +++ + ++
Vitamin content ++ +++ +
Inorganic matters content ++ +++ +
Amino acids content +++ + ++
Total phenolic content + ++ +++
ko%leribi Total flavonoid content + ++ +++
DPPH radical —scavenging activity — ++ + +4+
Nitrite radical—scavenging activity +++ ++ +
Tyrosinase inhibition activity +++ ++ +
Anti—microbial activity + ++ +++
Total + ++ +++
Fresh weight + +++ ++
Vitamin content + +++ ++
Inorganic matters content +++ + ++
Amino acids content ++ + +4+
Total phenolic content + +++ ++
rSdei(slh Total flavonoid content + ++ +++
DPPH radical —scavenging activity ++ + +++
Nitrite radical—scavenging activity ++ + +++
Tyrosinase inhibition activity +++  ++ +
Anti—microbial activity + ++ +++
++ + +++

“+: good, ++: better, +++: best
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A shulEe Aol Wizl UEnt AdA A AWAE A7) fate] WA
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<3 3-81> Fede] FA Aoy} ApHA| o] Ay FH| wA= &

F dolmm) | MF FAGm) | FFF(me)
TR

W | A% | AR | 0P| A% | AR | 4P | AP | 22
i 10.43 | 10.87 | 10.47 | 0.103 | 0.120 | 0.113 | 0.640 | 0.804 | 0.643

2 et 5.87 | 4.83 | 5.77 | 0.070 | 0.063 | 0.060 | 0.198 | 0.051 | 0.020

HEZY 6.33 | 5.20 | 5.30 | 0.090 | 0.093 | 0.070 | 0.090 | 0.093 | 0.070

I N 5.83 | 5.56 | 5.57 | 0.100 | 0.098 | 0.095 | 0.027 | 0.024 | 0.030
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BT
(ON/OFF)

15%/1%
<39 3-79> =g Bzt Aol mE A A FAe] Aauks

10x/1% 5&/1%

<¥ 3-82> B FA A7k AMAL FA A% WAL O

NS £5%mg) | AME FA@mM) | F 2ol (mm)
(ON/OFF)
15%/1% 1.683 0.15 5.33
10%/1% 1.543 0.95 4.12
5%/1% 1.390 0.93 3.36
(2) AAEF
Project Name :Aj2-={ )] 7]
SubModule — :7}&3%F LIST
No & H * s Ad &MAKER | Q'ty | ©9
1 | SHO9—GL—-001 | DRUM REAR GUIDE SUS304 1 EA
2 | SHO9—GL—-002 | FRONT GUIDE SUS304 1 EA
3 | SHO9—GL—-003 | FRONT GUIDE SUS304 1 EA
4 | SHO9—GL—-004 | CENTER SUPPORT SUS304 1 EA
5 | SHO9—GL—-005 | FRONT FLANGE SUS304 1 EA




6 | SHO9—GL—-006 | REAR FLANGE SUS304 EA
7 | SHO9—-GL—-007 | CAP SUS304 EA
8 | SHO9—-GL—-008 | COVER FIXING FLANGE AL6061 EA
9 | SHO09-GL—-009 | BEARING HOUNSING AL6061 EA
10 | SHO9—GL—-010 | BEARING HOUNSING AL6061 EA
11 | SHO9—-GL—-011 | SHAFT SUS304 EA
12 | SHO9—-GL—-012 | MOTOR MOUNT PLATE AL6061 EA
13 | SHO9—GL-013 | TM SCREW/ NUT SUS304 ZHEA
14 | SHO9—-GL—-014 | TIMING PULLY AL6061 EA
15 | SHO9—-GL—-015 | TIMING PULLY AL6061 EA
16 | SHO9—GL—-016 | BRACKET SUS304 EA
17 | SHO9—-GL—-017 | CALAMP SUS304 EA
18 | SHO9—GL—-018 | BLOCK SUS304 EA
19 | SHO9—-GL—-019 | BLOCK SUS304 EA
20 | SHO9—-GL—-020 | CLAMP SUS304 EA
21 | SH0O9—-GL-021 | CLAMP SUS304 EA
22 | SHO9—-GL—-022 | HOUSING AL6061 EA
23 | SHO9—-GL—-023 | HINGE SHAFT SUS304 EA
24 | SHO9—-GL—-024 | COLLAR SUS304 EA
25 | SHO9—-GL—-025 | COVER AL6061 EA
26 | SHO9—-GL-026 | BLOCK AL6061 EA
27 | SHO9—-GL—-027 | PIN SUS304 EA
28 | SHO9—-GL—-028 | COVER AL6061 EA
29 | SHO9—-GL—-029 | LINK SUS304 EA
30 | SHO9—-GL—-030 | COLLAR SUS304 EA
31 | SHO9—GL—-031 | SHAFT SUS304 EA
32 | SHO9—-GL—-032 | NUT BLOCK SUS304 EA




33 | SH0O9—GL—-033 | BLOCK SUS304 2 EA
34 | SHO9—GL—034 | BAR SUS304 10 | ZH/EA
35 | SHO9—GL—035 | GUIDE RING MC NYLON 5 EA
36 | SHO9—GL—036 | GUIDE RING MC NYLON 5 EA
37 | SHO9—GL-037 | DRUM ol=2¥ 5 EA
38 | SHO9—GL—038 | DRUM COVER S| 5 EA
39 | SHO9—GL—039 | NOZZLE MOUNT SUS304 5 EA
40 | SHO9—GL—040 | MESH WIRE MOUNT SUS304 10 | EA
41 | SHO9—GL—-041 | BEARINGMOUNT PLATE AL6061 2 EA
42 | SHO9—GL—042 | PLATE SUS304 1 EA
43 | SHO9—GL—-043 | SIDE COVER PC 2 EA
44 | SHO9—GL—-044 | SIDE COVER PC 1 EA
45 | SHO9—GL—-045 | SIDE COVER PC 1 EA
46 | SHO9—GL—046 | CASTER MOUNT AL6061 2 | Zt/EA
47 | SHO9—GL—047 | COOLER MOUNT PLATE MC NYLON 1 EA
48 | SHO9—GL—-048 | AIR DUCT SUS304 1 EA




Project Name :Aj2%-=]u)7]

SubModule 7% LIST
No = H = 8 ANd &MAKER | Qty | &4
1 HANDLE MISUMI 1 EA
2 BEARING 1 EA
3 SNAP RING 1 EA
4 OIL SEAL 1 EA
5 BEARING 1 EA
6 SNAP RING 1 EA
7 THRUST BALL B/R 2 EA
8 RING NUT 1 EA
9 KEY WASHER 1 EA
10 COOLING FAN SUNTRONIX 3 EA
11 FILTER SUNTRONIX 3 EA
12 SPEED CONTROL M/T SUNG SHIN 1 EA
13 OIL SEAL 1 EA
14 TAPER ROLLER B/R 2 EA
15 RING NUT 1 EA
16 KEY WASHER 1 EA
17 SNAP RING 1 EA
18 ORING 1 EA
19 ORING 2 EA
20 BALL B/R 2 EA
21 SNAP RING 1 EA
22 TIMING BELT % 1 EA
23 ZIP BEARING 2 EA
24 NOZZLE A =E 5 EA
25 NOZZLE AR =F 5 EA
26 COOLER DHC 1 EA
27 SOL V/V KCC 1 EA
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M o6 & AFiLntEolM & st sEE

ALE. HBFFH FEAY L FFA FFA2Y B =F 2 V&R
1 A%e) Aol QoA BERE 0.7m wrk 1) Aela dolo] o F
A9, 0.4molste] Aede]l Amel NG oAt RS o

Takatsuji, 2007)

hs

gaozH A Auel 4G FYFol AAW of
]_ H

3. AEFFY] FEAE 93 AMAYEYAA 2E e dAgoz M A
A LAY A2 A EAIA (1983 Hl= HoneywellAF EA])

4. AT EA AN 2HL 25 HFE 5 AE 93 TFA| A ~He] Z e A
o]7} 7}Fsehe H 9 ("The Embedded  Software Stragic Market Intelligence
Program 2002/2003," VDC, FEB. 2003)

5. A0S 3te] u3]%= LED ¢ FAd Hdsle] F=8 EANS 83 =1
ool 7ok FEA A 3 (Lawrence G. C.2002)

6. 93 wlelaARIZ2AME Aol LEDS] F52 Alos=E hes] 2ddt=
Al 2~El A A% (Xichao Mo, 1997)

7. vl e Abgste]l WAFAe] $g3te] LEE SAHA dolHE RS
A

TYHEY A¥S $38E. (Henry W. Ott, 1992)

8. YHltEA2ES g dagls o] &5t Aol Aoy &S A=(K.
Yaghmour, 2003)

9. d¥lt= w9 Fr=glolet AT EOE REAC AN &I
AGE A|E3F (Craig Hollabaugh, 2002)

10. 520 AT A4 S8 S8 drv= A" A8s SQ1g(L.

Abebi, A. Goel, 2002)

11. TCP/IP Z2EZS o]43l AR A|2Hy EAoZ A|AHS WU EHIYS =
3174S % A]%=3%F(Michael J. Donalhoo, 2001)



12. dHly= 83k J7|uk JAIRI A S Fdste] <
£ 4338t (Warren Cheung®] 121, 2007)
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A2A. AL o] 8 =E R TISHE

L ol Aol A F2 A& Aol phytochromeoleh= 87 @ F&=
x| a1, o] A2 A, HE| 2 APl U Yy AR AEeiH, Aed
A EHo A E S n . (Fankhauser?t Chory, 1997; Hopkins, 1999;

Kendrick®} Kronenberg, 1994)

2. B2y, ofulda s &dEut FA, AFeH] W H2EHF 39 FAA &S
¥ AEL olv i), &stE, vulE, vlElY 2 EYdE 59 B YT
55 gfstar d.(Feng, 1997)

3. W&ol Tz F¥lll %l phytochromeo] ol ] ol whofsim, 2ol gl
ofsto] wop7l W HAY A A, (Maneinelli &, 1966)

TAk A otsh= Aol A FE A= AWel phytochromeol 2k F84 &
Moﬂ durg mAaL, olze A, dul L ArgAe ouAUn =AAAE &
o, Al 2o A% 9SS vE. (Fankhauser®t Chory, 1997;
Hopkins, 1999; Kendrick?} Kronenberg, 1994)

5. AAALE AR AFY o] WAY mARe] W Aol ke AF

. (Lucy &, 2002)

6. MAANALE SAGAANAEE vAEd o3 vl =2 FTo2 2L9H o] 9o
AuLA © 2 Pseudomonads, Coliforms 2 Lactic acid bacteria & X34 3~6
log CFU/gel W9lE YERE.(Matos &, 2002)

>{l

7oA FAC WE GRS A A, AA, BE D £F 59 3y
E

o] mAE2o Ao o AREHE (Montville 5, 2004; Taormina 5, 1999).

E3 ARS chlorine * 2] (Fett, 2002; NACMCF, 1999) % 3dFA  acetic
acid(Delaquis &, 1999), ammonia(Himathongkham &, 2001), <=l 3t a3}
7} H.(Weiss®} Hammes, 2003)

Az A BAE WS Az HF L o] PFHe] did, nEAY,
ﬂl%‘ Wl 53 e AR Akt AR Ax FEEo] DNAS 4



A =2 A, microsome W X A3} 4bste] gk dakstE So] 9lS.(Stoewsand,
1995) FujFE v Ea] ARty AEELS ook, gAY o @ XG5 WA =
A, dags), wshkx]el gakst gy, 71EF gEEe] o] a¥rb e (Zhu,
2000)

9. Mo &t thAA S (Alium cepa)~ FAsF 285 YUER = quercetin,
rutin 59 flavonoidAl =& o] 3% 9l&.(Dewanto®}t Shetty, 2001)

10. LEDo| 2]3t 2 EAjujo] #sir= 714 & 1v]lar NASAS ATI1HFS 5
Aoz LED HEZ ANFEHJ o, A AA Z=od A 2= olggdo
ZA9] AL} o]fo] WS (Tanaka 5, 1998)



o

A7 E Iz

AOAC. 1995. Official methods of analysis (16th ed.). Association of Official
Analytical Chemists, Washington DC.

Bae, J.H., J.Y. Cho, B.W. Kim, H.G. Jang, and B.G. Heo. 2008. Effects of storage
humidity on the sprout growth of mulberry cut twigs. J. Bio—Environment
Control. 17:20—-25.

Bae, Y.I., C.H. Jeong, and K.H. Shim. 2002a. Nitrie—scavenging and

antimutagenic effects of various solvent extract from different parts of loquat
(Eriobotrya japonica Lindl). Kor. J. Food Preserv. 91:92—96.
Bae, Y.I., K.L. Seo, S.K. Park, and K.H. Shin. 1998. Loquat leaf tea processing
and its physicochemical properties. Kor. J. Postharvest Sci. Technol. 5:262—269.
Bae, Y.I., Y.C. Chung, K.H. Shin. 2002. Antimicrobial and antioxidant activities

of various solvent extract from different parts of loquat. Kor. J. Food Preserv.
9:97-101.

Bari, M.L., E. Nazuka, Y. Sabina, S. Todoriki, and K. Isshiki. 2003. Chemical and
irradiation treatments for killing Escherichia coli O157:H7 on alfalfa, radish,
and mung bean seeds. J. Food Prot. 66:767—774.

Bilyk, A., P.I. Cooper, and G.M. Sapers. 1984. Varietal differences in distribution
of quercetin and kaempferol in onion(A/ium cepa) tissue. J. Agric. Food Chem.
32:274—280.

Blois, M.S. 1958. Antioxidant determination by the use of a stable free radical.
Nature 26:1199—-1200.

Blois, M.S. 1977. Antioxidant determination by the use of a stable free radical. J.
Agric. Food Chem. 25:103—107.

Brane, A.L. 1975 Toxicology and biochemistry of butylated hydroxy anosole and

butylated hydroxy toluene. J. Amer. Oil. Chem. Soc. 52:59—63.

Brane, A.L. 1975. Toxicology and biochemistry of butylated hydroxy anosole and
butylated hydroxy toluene. J. Amer. Oil. Chem. Soc. 52:59—63.
Briggs, W.H., H. Xiao, K.L. Parkin, C. Shen, and I.L. Goldnan. 2000. Differential

inhibition of human platelet aggregation by selected allium thiosulfinates. J.

Agric. Food Chem. 48:5731—5735.



Cha, J.Y. and Y.S. Cho. 2001. Biofunctional activities of citrus flavonoids. J. Kor.
Soc. Agric. Chem. Biotechno. 44(2):122—128.

Cho, E,J., C.H. Hwang, and M.O. Yang. 2007. Changes in free amino acids and
sensory evaluation of fermented tea according to the degree of fermentation. J.
East. Asian Soc Dietary Life. 17:911—918.

Cho, J.Y., D.M. Son, J.M. Kim, B.S. Seo, S.Y. Yang, J.H. Bae, and B.G. Heo.
2008. Effect of LED as light on the germination, growth and physiological
activities of broccoli sprouts. J. Bio—Environment Control. 17:116—123.

Cho, Y.S., S.K. Park, and H.Y. Lee. 1991. Composition of free sugars, organic
acids and free amino acids in loquat flesh. J. Kor. Soc. Food Nutr. 20:89—93.
Choe, J.S., S.0. Kwon, Y.H. Park, and H.K. Chun. 2006. Producers' perceptions

of agricultural food safety and policy. Kor. J. Community Living Sci.
17(3):55—65.
Choi, H.J., J.H. Park, H.S. Han, J.H. Son, G.M. Son, J.H. Bae, and C. Choi. 2004.

Effect of polyphenol compound from Korean pear on lipid metabolism. Kor. J.
Food Sci. Technol. 33:299—304.
Choi, Y.W. 2003. Effect of red, blue, and far—red LEDs for night break on

growth, flowering, and photosynthetic rate in Perilla ocymorides. J. Kor. Soc.
Hort. Sci. 44:442—446.

Chon, S.U., B.G. Heo, Y.S. Park, J.Y. Cho, and S. Gorinstein. 2008.
Characteristics of the leaf parts of some traditional Korean salad plants used
for food. J. Sci. Food Agric. 88:1963—1968.

Delaquis, P.J., P.L. Sholberg, and K. Stanich. 1999. Disinfection of Mung bean
seed with gaseous acetic acid. J. Food Prot. 62:953—-957.

Dewanto, V., X. Wu, K.K. Adom, and R.H. Liu. 2002. Thermal processing
enhances the nutritional value of tomatoes by increasing total antioxidative
activity. J. Agric. Food Chem. 50:3010—1015.

Dural, B. and K. Shetty. 2001. The stimulation of phenolics and antioxidant
activity in pea elicited by genetically transformed anise root extract. J. Food
Biochem. 25:361—377.

Fankhauser, C. and J. Chory. 1997. Light control of plant development. Annu.



Rev. Cell Dev. Biol. 13:203—229.

Feng, P. 1997. A summary of background information and foodborne illness
associated with the consumption of sprouts. Center for Food Safety and
Applied Nutrition, Washington, DC.

Fett, W.F. 2002. Reduction of Escherichia coli O157:H7 and Salmonella spp. on
baboratory inoculated mung bean seed by chlorine treatment. J. Food Prot.
65:848—852.

Fu, T., D. Stewart, K. Reineke, J. Ulaszek, J. Schlesser, and M. Tortorello. 2001.
Use of spent irrigation water for microbiological analysis of alfalfa sprouts. J.
Food Prot. 64:802—806.

Gebhardt, R. 1993. Multiple effects of garlic extracts on cholesterol biosynthesis
in hepatocytes. Lipids 28:613—619.

Go, J.K., E.S. Nam, and S.I. Park. 2004. Effect of loquat extract on acid

production and growth of lactic culture. Kor. J. Food Sci. Ani. Resour.
24:416—423.
Gray, J. and J.L.R. Dugan. 1975. Inhibition of N—Nitrosamine formation in model

food system. J. Food Sci. 40:981—-985.

Greenwald, T. 1998. Is it good medicine?. Time 30:37—44.

Han, M.J., S.U. Kim, D.C. Seo, Y.H. Cheong, D.J. Lee, M.S. Park, Y.S. Rim,
B.K. Sohn, J.S. Heo, and J.S. Cho. 2007. Uptake properties of germanium to
vegetable plants and its effect on seed germination and on early stage growth.
Kor. J. Envron. Agric. 26:217—222.

Heo, B.G., Y.S. Park, S.U. Chon, J.Y. Cho, and S. Gorinstein. 2007. Antioxidant
activity and cytotoxicity of methanol extracts from aerial parts of Korean
salad plants. BioFactors 30:79—89.

Heo, B.G., Y.S. Park, W.N. Hou, M.H. Im, Y.J. Park, H.J. Kim, J.S. Sin, and J.Y.
Cho. 2008. In vitro assay on physiological activities of flower and leaf extracts
of red lotus. Kor. J. Hort. Sci. Technol. 26:331—-337.

Heo, J.W., C.W. Lee, and K.Y. Paek. 2002. Characteristics of growth and

flowering on some bedding plants grown in mixing fluorescent tube and



light—emitting diode. Acta Hort. 580:77—82.

Himathongkham, S., S. Nuanualsuwan, H. Riemann, and D.O. Cliver. 2001.
Reduction of Escherichia coli O157:H7 and Salmonella typhimurium in
artificially contaminated alfalfa seeds and mung beans by fumigation with
ammonia. J. Food Prot. 64:1817—1819.

Hong, S.S., Y.P. Hong, B.S. Im, D.S. Jeong, and I.S. Shin. 2004. Influence of

picking stage storage type on the fruit respiration change and panel test in
‘Wonwang’, ‘Hwasan’, and ‘Mansoo’ pear. Kor. J. Hort. Sci. Technol. 22:55—62.
Hopkins, W.G. 1999. Introduction to plant physiology. John Wiley & Sons, Inc.,

N.Y. USA.

Hwang, H.J., JJM. Lee, S.Y. Kim, and G.W. Choi. 2008. Seed germination in
lettuce affected by light quality and plant growth regulators. J.
Bio—Environment Control. 17:51—59.

Hwang, M.K., C.S. Huh, and Y.J. Seo. 2004. Optic characteristics comparison and
analysis of SMD type Y/G/W HB LED. J. Kllee. 18(4):15—21.

Hwang, M.K., C.S. Huh, and Y.J. Seo. 2004. Optic characteristics comparison
and analysis of SMD type Y/G/W HB LED. J. Kllee. 18(4):15—-21.
Jang, H.J., M.Y. Lee, Y.D. Chang, J.H. Jeong, H.S. Jeong, and C.H. Lee. 2007.

Effect of temperature and light on seed germination and sprout growth of
seven compositae species. Kor. J. Hort. Sci. Technol. 25(Suppl. I ):62.

Jang, HW. and C.H. Lee. 2003. Effect of temperature and light on seed
germination of Korean native labiatae, liliaceae, and compositae spp. eligible
for vegetable sprout. Kor. J. Hort. Sci. Technol. 21(Suppl. I ):40.

Jung, S.W., N.K. Lee, S.J. Kim, and D.S. Han. 1995. Screening of tyrosinase
inhibitor from plants. Kor. J. Food Sci. Technol 27(6):891—896.
Jung, S.W., N.K. Lee, S.J. Kim, and D.S. Han. 1995. Screening of tyrosinase

inhibitor from plants. Kor. J. Food Sci. Technol. 27(6):891—896.

Kahn, V. and A. Andrawis. 1985. Inhibition of mushroom tyrosinase by
tropolone. Phytochemistry 24:905—909.
Kahn, V. and A. Andrawis. 1985. Inhibition of mushroom tyrosinase by

tropolone. Phytochemistry 24:905—909.
Kawai, S., H. Watanabe, T. Yoshino, F. Tanaka, and M. Suzuki. 1996. Light



emitting diodes as the light source for plant growth regulators. Abs. J. Jap.
Hort. Sci. 454—455.

Kendrick, R.E. and G.H.M. Kronenberg. 1994. Photomorphogenesis in plants.
Kluwer Academic, Dordrecht, Netherlands.

Kim, C., Y.C. Hung, R.E. Brackett, and C.S. Lin. 2003. Efficacy of electrolyzed
oxidizing water in Inactivating Sa/monella on alfalfa seeds and sprouts. J.
Food Prot. 66:208—214.

Kim, H.K., J.R. Do, J.H. Hong, and G.D. Lee. 2005. Optimization for functional
properties of cabbage extracts. Kor. J. Food Preserv. 12:591—-599.

Kim, H.Y., K.B. Lee, and H.Y. Lim. 2004. Contents of minerals and vitamins in
organic vegetables. Kor. J. Food Preserv. 11:424—429.

Kim, I.D. and S.D. Kim. 2001. Changes in quality of soybean sprouts grown by
ozone water treatment during storage. Kor. J. Food Preserv. 8:279—384.

Kim, 1.D., M.J. Park, J.W. Cho, S.S. Soe, M.K. Kim, J.B. Lee, S.K. Lee, and S.D.
Kim. 1998. Effect of ozone treatment on the quality of soybean sprouts. Kor.
J. Food Preserv. 5:177—185.

Kim, I.S., T.B. Kwon, and S.K. Oh. 1988. Study on the chemical change of
general composition, fatty acids and minerals of rape seed during germination.
Kor. J. Food Sci. Technol. 20:188—193.

Kim, M.J., J.S. Kim, K.E. Kim, K.H. Shin, K. Heo, D.H. Cho, C.H. Park, and
C.Y. Yu. 2001. Comparison of antioxidative activities from different organs of
Rosa rugosa Thunb. Kor. J. Medicinal Crop Sci. 9:40—44.

Kim, Y.J. and C.H. Lee. 2005. Effect of temperature and light on seed
germination and sprout growth of eight resources plants. Kor. J. Hort. Sci.
Technol. 23(Suppl. I ):55.

Korea Health Industry Development Institute. 2000. Database of nutrient analysis
date in food. Ministry of Health and Welfare, Seoul.

Kumar, M. and J.S. Berwal. 1998. Sensitivity of food pathogens to garlic( A//ium
sativum). J. Appl. Microbiol. 84:213—215.

Kwack, B.H., and H. Kang. 1985. Effects of specific light qualities on the seed



germination of Amaranthus hypochondriacus. J. Kor. Soc. Hort. Sci. 26:158—162.
Kyo, E., N. Uda, S. Kasuga, and Y. Itakura. 2001. Immunomodunlatory effects of
aged garlic extract. J. Nutr. 131:1075—1079.
Lau, B.H. 2001. Suppression of LDL oxidation by garlic. J. Nutr. 131:985—988.
Lee, B.Y., E.M. Park, E.J. Kim, H.D. Choi, I.H. Kim, and J.B. Hwang. 1996.

Analysis of chemical components of Korean loquat (Eriobotrya japonica Lindl)
fruit. Kor. J. Food Sci. Technol. 28:428—-432.
Lee, H.S. and Y.W. Park. 2005. Antioxidant activity and antibacterial activities

from different parts of broccoli extracts under high temperature. J. Kor. Soc.
Food Sci. Nutr. 34(6):759—764.

Lee, H.S., and Y.W. Park. 2005. Antioxidant activity and antibacterial activities
from different parts of broccoli extracts under high temperature. J. Kor. Soc.
Food Sci. Nutr. 34(6):759—764.

Lee, J.I., J.K. Bang, C.H. Park, and Y.H. Park. 1988. Relationship between

Weoldongcho and cultivated rapeseed and its introduction to Korea. Kor. J.
Breed. 20:231—-235.

Lee, J.T., S.H. Yun, M.E. Park, and J.I. Yun. 1994. Estimation of growth
development stages and development rate in rape plant by air temperature and
daylength. Kor. J. Environ. Agric. 13:47—59.

Lee, M.Y. and C.H. Lee. 2007. Effect of temperature on sprout growth of five
resources plants edible for vegetable sprout. Kor. J. Hort. Sci. Technol.
25(Suppl. I ):62.

Lee, S.J., D.W. Park, H.G. Jang, C.Y. Kim, Y.S. Park, T.C. Kim, and B.G. Heo.
2006. Total phenol content, electron donating ability, and tyrosinase inhibition
activity of pear cut branch extract. Kor. J. Hort. Sci. Technol. 24:338—341.

Lerner, A.B. and T.B. Fitzpatrick. 1950. Biochemistry of melanin formation.
Physiol. Rev. 30: 91—96.

Lerner, A.B. and T.B. Fitzpatrick. 1950. Biochemistry of melanin formation.
Physiol. Rev. 30: 91—96.
Lucy, J.R., S.J. Gro, K.G. Bjorn, and L. Semir. 2002. Microbiological analysis of

seed sprouts in Norway. Int. J. Food Microbiol. 75:119—-126.



Maneinelli, A.L., H.A. Borthwick, and S.B. Hendricks. 1966. Phytochrome action
in tomato seed germination. Bot. Gaz. 127:1—5.

Matos, A., J.L. Garland, and W.F. Fett. 2002. Composition and physiological
profiling of sprout—associated microbial communities. J. Food Prot.
65:1903—1908.

Montville, R. and D.W. Schaffner. 2004. Analysis of published sprout seed
sanitization studies shows treatments are highly wvariable. J. Food Prot.
67:758—765.

National Advisory Committee on Microbiological criteria for Foods (NACMCEF).
1995. Microbiological safety evaluations and recommendations on sprouted
seeds. Int. J. Food Microbiol. 52:123—153.

Normington, K.W., 1. Baker, M. Molina, J.S. Wishnok, S.R. Tannenbaum, and S.
Puju. 1986. Characterization of a nitrite scavenger 3—hydroxy—2—pyranone, from
chinese wild plum juice. J. Agric. Food Chem. 34:215—221.

Normington, K.W., 1. Baker, M. Molina, J.S. Wishnok, S.R. Tannenbaum, S.

Puju. 1986. Characterization of a nitrite scavenger 3—hydroxy—2—pyranone, from
chinese wild plum juice. J. Agric Food Chem. 34:215—221.
Okamoto, K., T. Yanagi, S. Takita, M. Tanaka, T. Higuchi, Y. Ushida, and H.

Watanabe. 1996. Development of plant growth apparatus using blue and red LED
as artificial light source. Acta Hort. 440:111—-116.

Park, C.S. 2005. Component and quality characteristics of powdered green tea
cultivated in Hwagae area. Kor. J. Food Preserv. 12(1):36—42.

Park, C.S. 2005. Component and quality characteristics of powdered green tea
cultivated in Hwagae area. Kor. J. Food Preserv. 12:36—42.
Park, K.J., J.H. Lim, J.H. Kim, J.W. Jeong, J.H. Jo, and S.W. Jeong. 2007.

Reduction of microbial load on radish (Raphanus sativus L.) seeds by aqueous
chlorine dioxide and hot water treatments. Kor. J. Food Preserv. 14:487—491.
Park, P.S., B.R. Lee, and M.Y. Lee. 1991. Effects of onion diet on carbon
tetrachloride toxicity of rats. J. Kor. Soc. Food Nutr. 20:121—125.
Park, Y.J., Y.S. Park, M.I. Im, Kim, J.S. An, J.Y. Cho, and B.G. Heo. 2008a.

Antibiotic activities of flower and leaf extracts from four species of white



loctus. J. Life Sci. Nat. Res. 30:25—34.

Park, Y.S. and H.S. Park. 1995. Changes in cold injury and contents of chemical
compounds as related the different growth stage of immature loquat fruit. J.
Kor. Soc. Hort. Sci. 36:522—534.

Park, Y.S. and S.R. Kim. 2000. Change in cold injury and fruit quality in loquat
fruit as influenced by bloom dates. J. Kor. Hort. Sci. 41:623—626.

Park, Y.S., M.K. Lee, H.H. Ryu, and B.G. Heo. 2008b. Content analysis of

Chungtaejeon tea and green tea produced in Jangheung district. Kor. J.
Community Living Sci. 19:55—61.
Park, Y.S., M.Y. Park, and Y.S. Jo. 2005. Storability of loquat fruits as

influenced by harvest date and storage temperature. Kor. J. Hort. Sci. Technol.
23:64—-70.
Park, Y.S., S.T. Jung, S.G. Kang, B.G. Heo, P. Arancibia—Avila, F. Toledo, J.

Drzewiecki, J. Namiesnik, and S, Gorinstein. 2008c. Antioxidants and proteins
in ethylene—treated kiwifruits. Food Chemistry 107:640—648.

Pawelek, J.M. and A.M. Korner. 1982. The biosynthesis of mammalian melanin.
Amer. Sci. 70: 136—141.

Pawelek, J.M. and A.M. Korner. 1982. The biosynthesis of mammalian melanin.
Amer. Sci. 70:136—141.

Ra, K.S., H.J. Suh,, S.H. Chung, and J.Y. Son 1997. Antioxidant activity of
solvent extract from onion skin. Kor. J. Food Sci. Technol. 29:595—-6001.
Rhim, J.S. 1993. Onion and health. Intermational Culture Publishing Co., p. 35—45.

Roy, G., M. Lester, A. Ray, and K. Marcus. 2001. Analysis and evaluation of
preventive control measure for the control and reduction/elimination of
microbial hazards on fresh and fresh cut produce. US Food and Drug
Administration, IFT/FDA Contract No. 223—98—2333.

Shon, M.Y. and S.K. Park. 2006. Chemical components and nitrite scavenging
activity of various solvent extracts from onions. Kor. J. Food Preserv.
13:762—-768.

Son, K.C., Y.J. Park, G.K. Suh, and B.G. Heo. 2003. Ornamental horticulture.
Joongang Life Publishing Co., Seoul.

Song, K. and J.A. Milner. 2001. The influence of heating on the anticancer



properties of garlic. J. Nutr. 131:1054—1057.

Stoewsand, G.S. 1995. Bioactive organosulfur phytochemicals in Brassica
oleracea vegetables. Food Chem. Toxic. 33:537—543.

Tanaka, M., T. Takamura, H. Weatanabe, M. Endo, T. Yanagi, and K. Okamoto.
1998. /n witro growth of cymbidium plantlets cultured under superbright red
and blue light—emitting diodes(LEDs). J. Hot. Sci. & Biotech. 73:39—44.

Taormina, P.J. and L.R. Beuchat. 1999. Behavior of enterohemorrhagic
Escherichia coli O157:H7 on alfalfa sprouts during the sprouting process as
influenced by treatments with various chemicals. J. Food Prot. 62:850—856.

The Korean Nutrition Society. 2000. The Korean recommended dietary allowance.
7th revision. Chungang munwhasa, Seoul.

Tomita, K., N. Oda, M. Ohbayashi, and H. Kamei. 1990. A new screening
method for melanin biosynthesis inhibitors using streptomyces bikiniensis. J.
Antibiotics 43:1601—1604.

Tomita, K., N. Oda, M. Ohbayashi, and H. Kamei. 1990. A new screening
method for melanin biosynthesis inhibitors using Streptomyces bikiniensis. J.
Antibiotics 43:1601—-1604.

Torry, J.G. 1976. Root hormones and plant growth. Annu. Rev. Plant Physiol.
27:435—459.

USDA. 2003. USDA nutrient database for standard reference. Release 15. USDA,
USA.

Weiss, A. and W.P. Hammes. 2003. Thermal seed treatment to improve the food
safety status of sprouts. J. Appl. Bot. 77:152—155.

Whang, T.E., H.O. Lim, and J.W. Lee. 1996. Anticancer effect of Eriobotrya
japonica Lindl by specificity test with several cancer cell lines. Kor. J.
Medicinal Crop Sci. 4:314—320.

Yagi, K.(1987) Lipid peroxides and human disease. Chem. Phy. Lipids 45:
337—341.

Yoon, Y.H., J.G. Lee, J.C. Jeong, D.C. Jang, and C.S. Park. 2005. Growth
characters and rutin contents of tatary buckwheat sprout vegetables under the

different temperatures and lights. Kor. J. Hort. Sci. Technol. 23(Suppl.1I ):34.



Yoshiyuki, W., O. Kotaro, H.M. Jonathan, M.G. Patricia, M. Kazushige, I.
Shinsaku, S. and Tadashi. 1999. Factory outbreak of Escherichia coli O157:H7
infection in Japan. Emerg. Infect. Dis. 5:424—428.

Zhang, Y.B., H.J. Choi, H.S. Han, J.H. Park, J.H. Son, J.H. Bae, T.S. Seung, B.J.
An, H.G. Kim, and C. Choi. 2003. Chemical structure of polyphenol isolated
from Korean pear. Kor. J. Food Sci. Technol. 35:959—-967.

Zhu, C., H.E. Poulson, and S. Loft. 2000. Inhibition of oxidative DNA damage in
vitro by extracts brussels sprouts. Free Rad Res. 33:187—196.

The Embedded Software Stragic Market Intelligence Program 2002/2003,"
VDC, FEB. 2003)

Lawrence G. C., "Evaluation of LEDs for automative signal lighting," Proc. SPIE,
Vol. 4641, pp. 7—12, 2002

Xichao Mo, et al., " Consecutive PWM driving vedio LED display system, "IEEE
International Sysposium of Circuit and System", pp. 1437—1439, 1997

Henry W. Ott, "Noise Reduction Techniques in Electronic Systems", pp. 73—114,
1992
Craig Hollabaugh, Ph.D."Embedded Linux Hardware, Software, and Interfacing",
Addison Wesley, March 2002
K. Yaghmour, "Building Embedded Linux System", O'Reilly, April, 2003

L. Abebi, A. Goel, C. Krasic, K. Snow, and J. Walpole, "A measurement—based
analysis of the real—time performance of Linux", Proceedings of the IEEE
Real—-Time Embedded Technology and applications Symposium(RTAS),
September, 2002

Michael J. Donalhoo, Kenneth L. Calvert, "The Pocket Guide to  TCP/IP
Sockets (C version)", Morgan Kaufmann Publisher, 2001

Warren Cheung, Ghassan Hamameh, "N—SIFT: N—Demensional Scale Invariant
feature Transform for Matching Medical Images", 2007 IEEE International

Symposium on Biomedical Imaging, Aprial 12—15, 2007



U,

Ho

ol

gy,

AT S sl of

5]

3. =7}

ol gL e,

T
-

A




UITDITRIIT ZTFiR<d 000 [ ok A0wlR0 XDol RUWii<<ITd ol Homo<F<I=rHoD-



	드럼회전식 새싹채소 생산용 관수 및광환경 설비의 자동화 시스템 개발
	요약문
	목차
	제1장 연구개발과제의 개요
	제1절. 연구개발 배경
	제2절. 연구개발의 필요성
	제3절. 연구개발의 범위

	제2장 국내외 기술개발 현황
	제1절. 새싹채소의 이용
	제2절. 새싹채소의 종자발아와 생장
	제3절. 새싹채소의 영양성분
	제4절. 새싹채소의 생리활성
	제5절. LED 광을 이용한 식물재배

	제3장. 연구개발 수행 내용 및 결과
	제1절. 수분 및 광 환경 자동제어 장치 개발
	1. 서 언
	2. 연구 목표 및 방법
	가. 연구 목표
	나. 연구 방법
	다. 연구 재료

	3. 연구 결과 및 고찰
	가. 지능형 관수시스템 제작 및 분석
	나 자동계측 . 가능한 광 환경 제어기 시스템 개발 결과 및 분석
	(1) LED의 색조합모듈 제어 하드웨어장치의 구축
	(2) 인공광원 스펙트럼 특성 시험 결과 및 고찰
	(3) 광섬유 제어장치

	다 마이크로프로세서 이용한 자동화 임베디드 제어장치의 구현 및 고찰
	(1) 임베디드 시스템 응용한 종합환경 제어장치의 구성
	(2) 광 조명장치 제어반 설계
	(3) 자동화 임베디드시스템의 제어실험 고찰



	제2절. 최적화생산 모니터링 시험 및 산업화
	1. 서언
	2. 재료 및 방법
	가. 시험재료 및 방법
	나. LED 광 처리에 따른 새싹채소의 영양성분 변화
	다. LED 광 및 온도 처리에 따른 새싹채소의 기능성물질 변화

	3. 결과 및 고찰
	가. LED 광 처리에 따른 새싹채소의 발아율 및 생장반응
	나. 온도조건에 따른 새싹채소의 발아율 및 생장반응
	다. LED 광 처리에 따른 새싹채소의 영양성분 변화
	라. LED 광과 온도 처리에 따른 새싹채소의 기능성 물질 변화
	마. 온도처리에 따른 새싹채소의 기능성 물질 변화
	바. 모니터링 시스템 개발 및 시험


	제3절. 생력화를 위한 생물공장 시스템 설치구성
	1. 서 언
	2. 재료 및 방법
	3. 결과 및 고찰
	가. 생력화를 위한 생물공장 시스템 장치 개발
	(1) 주요 형식 제원
	(2) 부품도 및 조립 설계도
	(3) 드럼의 상하각도 조절용 핸들기어 부착 기능 추가
	(4) 새싹 수확시 탈착이 용이한 생력화된 드럼 설계
	(5) 새싹 종자 투입 및 수확작업이 용이한 커버 잠김 장치 개발

	(6) 발아기내 무균 상태의 공기 출입토록 항균필터 기능 추가
	(7) 자체 광, 온도, 습도조절이 가능한 경량형 이동식 새싹재배기
	(8) 착색이 용이한 구조의 드럼 피복재 개선
	(9) 수확후 새싹의 종피 제거작업
	(10) 탈수 자동화 시스템
	(11) 신규 개발된 새싹채소 생산시스템의 성능시험


	나. 최적화 생산 시험 및 산업화
	(1) 광원의 광질 차이가 새싹채소의 생육과 품질에 미치는 영향
	(2) 자재목록




	제 4 장 목표 달성도 및 관련분야에의 기여도
	제 5 장 연구개발 성과 및 성과활용 계획
	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌


