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< SUMMARY >

[. Title
Development of immune enhancing functional baby food with germinatied brow rice using
organic colored rice

II. Research goals vs Research Accomplishments

IPR Paper
Performance Adver-
goal Applic | Reg- o« ] APC | TT | E&G | Indus | TA | MI' | PUP | .. ect
ation | istration SCI

Final goal 1 - - - - 1 1 6 g _ 1 1

i goal 1 - - - - 1 1 6 _ 1 _ 1 ]
First
year

output 2 - - - - 1 3 8 _ | 3 _ 3 1

*Intellectual Property Rights(IPR), Academic Publication in the conference(APC), Technology Transfer
(TT), E&G=Education and Guidance, Industrialization(Indus), Technology Accreditation(TA), Manpower
Training(MT), Practical use of policy (PUP)

. Purpose and Need for R&D
O Improvement of demand in high-nutrition high-functional baby food

O Increase in the proportion of demand layer of immune-stimulating functional baby food
for common cold prevention.

O Eco-friendly, high-function and high-nutrition infant food is the future trends, but
example of commercialization is very sluggish.

V. Contents and Scope of R&D

1. Selection of colored brown rice and standardization of optimal germinated brown rice
manufacturing process

O Selection and characteristics of organic agricultural products

O Development and standardization of germinated brown rice using organic colored rice

2. Selection of the immune-stimulating organic materials and standardization of optimal
manufacturing process
O Selection and characteristics of organic agricultural products



O Development and standardization of immune-stimulating substance
O Optimization of mass production process using organic immune-stimulating materials

3. Development of immune-stimulating germinatied brow rice baby food

O Development of immune-stimulating functional composites(1type)

O Development of immune-stimulating germinatied brow rice baby food(7types)
O Testing immune-stimulating activity

4. Commercialization of immune-stimulated functional baby food
O Sensory test
O Assessment of stability and safety for the developing product
(Analysis of hazardous microorganisms)
O Commercialization of immune-stimulating functional composites(1type)
O Commercialization of immune-stimulating germinatied brown rice baby food(7types)
O Development of product design
O Standardization of mass production process

V. Results of R&D

1. selection of colored brown rice and standardization of optimal germinated brown rice
manufacturing process
O black brown rice / red brown rice / green brown rice / brown rice / glutinous brown
rice
O Development of optimal germinated brown rice manufacturing process
(25°C | 24hour / relative humidity 80~95%)

2. Screening and selection of immune-stimulating organic agricultural products
O black brown rice / red brown rice / green brown rice / embryo dud of rice
O daikon, onion, cabbage, carrot, potato, sweet potato, welsh onion, chives, cucumber, a
green pumpkin, oyster mushroom, king oyster mushroom

3. Development of immune-stimulating composites

O immune-stimulating materials(4types)
-hot water extraction / ethanol extraction : 95C, lhour / 50C, 5Shour
-vacuum evaporation : 40Brix
-freeze drying powder

O Analysis of hazardous microorganisms

4. immune-stimulating activity
O Effects of immune-stimulating materials on phagocytosis in macrophages
O Effects of immune-stimulating materials on cytokines.

5. Development of immune-stimulating germinated brown rice baby food



O ecomom immune-stimulating materials
. 1type

O immune-stimulating germinated brown rice baby food
. Ttypes

O Establishment of standard

VI. Keyword
colored rice / immune enhancing activity / germinated brown rice / functional / baby food
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erthyroidism 2 (2.4%) Anorads 1 {11.9%)
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gz WAL 71 A% AESFdRe)
=

Rash 5 {605l
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Qe (71¢43, Chonnam Medical Journal, £ -
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2. 39 AIZ H&

7 ae] AR

O 2013\d 71 Dot AAANG R oF 11789 2H(33= oF 1220, &
71% A% +(20093~2013) 4.7%°] BEAES 1Y

[B5oby AANG F2 & AF 23]

—
13,712 14223 gl prsay
12,707 13200 T
12,240 2
11,779
9,809
1921 1976 2,036 E?“ Y
20092 20101 201149 20129 20134 201419 201519 201649 20174 2pigld
G ot AANZ FE
T8
ST 2 THEH B

2009 9,809.0 1,575.9
2010 10,276.1 1,621.7
2011 10,767.9 1,672.3
2012 11,310.5 1,720,2
2013 11,778.5 1,766.7
2014 12,239.9 1,815.9
2015 12,706.7 1,866.8
2016 13,200.2 1,921.1
2017 13,711.7 1,975.9
2018 14,223.0 2,036.0

-Z4] : Global Baby Food, MarketLine Industry Profile, 2014.9
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O WEEE By 20139 7]2 do] oF 539 DEU5.6%= 2 AFS FAsT
ov] thg o= opAlol - B Pl of 359 LB0.0%), obelst thEo] oF 269 o
(21.9%)2] HlF& B

[(NEE AA dold AR F2(20133 715)]
BEE A% HF R s H13%)
43 5.368.3 45.6
o} A] o} B 7 ok 3.537.8 30.0
opoge7p
22% o ] 7} 2.579.7 21.9
J—_ E&obz a7} 992.7 25
of 2|7}
=" 7 11778.5 100.0

-=4

Yot AAANBHNFE) 7=

: Global Baby Food, MarketLine Industry Profile, 2014. 9.

4 3.1%,

2 4% A9

olul 8] 7} 2.5%,

gol ¥e olfrt T Ffoly

o} A] o}-Ej

(9] 28, d )

- H A TR | oMETE AR = | ol IR | TIE AR
Tz [ 23| 2| s | 29| 2% | 29 | 3%
2013 5,368.3 774.9 2,525.9 523.0 3,537.8 394.6 346.50 74.20
2014 5.479.4 782.1 2,581.9 535.7 3,810.6 419.1 368.00 79.00
2015 5,595.4 790.5 2,636.9 549.4 4,084.3 443.3 390.10 83.60
2016 5,737.5 800.0 2,691.6 564.7 4,359.2 467.6 411.90 88.80
2017 5,894.3 810.0 2,747.5 579.3 4,634.4 491.8 435.50 94.80
2018 6,051.2 821.3 2,803.4 594.5 4,909.4 519.3 459.00 100.90
-=*] : Global Baby Food, MarketLine Industry Profile, 2014. 9.
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O o}Alo} - B3 9K(Asia-Pacific) & 3=, &F, S, TF
Alot, wARAE, HeA, A7HE, divd HETS 233

O oiMesE Brlgh YuE BF Egst, Bulds Auth WA=, vFo] x@HL
ol of=alEly, Hepd Fgulol, WAy} L5

O 20141~2018d 7HA&= A4 A5A o

O #FHAR Fa=7F HIF@Q013d 71¥)S olE8lok13.3%), FL(11.0%), Z72=(10.8%),
B =(6.6%), 2=#<1(4.9%), 71EH53.4%)

O oM g7t Fa=7F HlF 20139 7]15)& P =(54.8%), Be+H(26.4%), H A 2(11.6%),
NUIHG.0%), 71EH2.1%)Y. £ ofm g7t Al Z1EkE AL 4] 571 T3

O oMot HGAN R Fa=7F HIF2013d 718 T=(68.1%), LE9.2%), U%=(4.3%),
$H=1(2.5%), 71EH15.9%)%

O 71gt A& &, otz 7t 3 78 =71

O Ffrohs AT LMU54%)3 Bl 3 FFora(39.7%) F 7rElarele] nlFo] 85%E 4

[HF/BE Fmokd AR 7R(20134d 7]1&)]

-
Froba) s neE A% HE o AR H15(%)
& Rl 5342.6 45.4
B 4673.2 39.7
BER0E WA EN 866.5 74
O ST BROY
QRS N 2 489.4 4.2
By ST BROkY
W7RSA0Y 71} 406.8 3.5
A 117785 100.0

-Z%] : Global Baby Food, MarketLine Industry Profile, 2014. 9.
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ol

2,408.3
204
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682.3
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O AA F8& FFobd AxdA = UsdHAANGE HAFE 36.4% std= (15.4%)°]H,
Firob AL 7 AzdA S0l AAE Hola & 229 AF 7] sk Al

FTO 2 Yo}l (baby-foods)S AArela A= F9UF BS

UEd s AAARS gGold ARIAE F8 BAcZ A 2 Cerelac), A (Gerber)
5ol doen, IRI=E RI= HA=E AREste] ®W(ars), 3H-9-X](Pouches), A2l

(Cereals), 2~49(Snacks), +7]%(Organic) 522 AE+S F+A%

O A AT T stuE dob G (EBarly Life Nutrition)o] 1em, 32 <
froba] A AEzdA= 9 27k Hipp Organic) HHE o] @ fopa Bibed

e Gfold QAT AR S vFe A AA L 33.3%cln), dEH R F e ]

JulolE, A& YUYt 5 Frobd Az=AE A=

[AA ot F2 AxHA EA]

A AN
7199 458 zZ9 na= zauyge
Q0134 712
s EAE 2920 91X
AEECerelac), | wyl&Ele ol wEstA, AF A
ZH(Gerber), g, 2FE, #A, Ay, =AY F
ko LS Y E}EZ:}}E% Fst= AAZA 2
v & ) a8 d
(Nestle 5.4) | 36:4% Craduates), | omz s | opaol, 2Alol
HlelHlZ oke} obzelzl | FYPOE e ARY
(NaturNes), e 9
1) 2~E(Nestum) 220133 vlsd e wiE2 9949 59wt
22
n EALE T3 A E Y ofo] 9%
maplze Fo AF2 AHHA 7E
3ol = A2, Yol GUAF Y
orel= . . s Mz 58, 2w, obAo}l | WA
(H.J Heinz 15.4% 3ol = 5 ma ;TEHHHMQ} Do) Helo
Company) 2 YA A 49
= 20139 FFlze] W& 1159 2,900
p=Eb
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a BAE 2P v 97
athEe m@sel A Aen A4

[k

[H

01| 2:7] Y(SMG) QAR FAF, olF4, A5 Az
FEZ A} A AAE BEelw, #§1, ool &
= . ml, gl ohrEgiel FF 5ol 14070
(Danone 10.7% (Nutricia), 2o AES Brsha oo
> TEASDume), | g Al fAIE, FHok FPAF A,
£t Bledina) W2 FAF
= 20139 2829 7%k Pele] wEL
&3
nEAE 59 s 94
s e 59 oo AE VY F 8
d2 2Hek olf4, Forg At
_ A AR F71E FobE AE A
o =2
Gbi Lo W& | adfol AEH L=, solul Ao A
& Co. - (Hipp Organic) | & =% #71% FEgs 4% 5
Vertriedd 2507) ol4be] AFEL Bl
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o, v AR
O "= Gfotd AL H 2 d 3F dhbd oz o AAES HY. 201349 v= &F
frobdl A FRE F 149 13 499 ddo|y, AP+ AAE(2009~20139) 0.9% 4
A< YErd
O 2013d@ vz FGfold A fFEE F 1491H49nr dEjolr, AFAFAAY E
(2009~2013) 0.9% A4S UeErY. 2018 Al oA R 1499434 29 S8 2 4
A, A8 74 AE2013~2018W) 04%E 71ES HAo=E AYH
[(Fl= Dok AR 7= 2 A3 dA%]
23 vz ok Al 75 2 A%
i 29 (Fg ga) ok ACE)
2009 1,365.1 242.7
2010 1,410.7 247.5
2011 1,405.2 247.4
2012 1,407.8 248.0
2013 1,414.4 248.8
2014 1,420.4 248.9
2015 1,426.0 249.0
2016 1,431.0 248.9
2017 1,436.5 249.0
2018 1,442.0 249.0
-Zx%] : Baby Food in the United Sates, MarketLine Industry Profile, 2014.9.
O 20143~2018W7MA = A3 A=A
-ZHE g EE B va2 o 23 gfolay AF HlFo] 66.3%E 7MY Eor,
MA ANFA 7 =& vlFE A st Ffots AlElEe vHlEe 27.1%=2 43
o8 ve el
FHelxelE v FFokd AR 7220133 718)]
e NB T H] Z(%)
= (dTrEa) °
Hol 271 4o} (Bottled Baby Food) 937.8 66.3
dfolg A Eld (Baby Cereals) 383.6 27.1
718} 4 o}2] (Other Baby Foods) 58.7 4.2
4 fol& ~49 (Baby Snacks) 34.3 2.4
SHA 1414.4 100.0
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u

F3 ARTR

O T Gfrotd] A2 AT 2 3 5 T3 AAZFAAGT wet 7+ ARF AEAE
Holal . 20018 A& AW I &5 gvtsidets S Ao B
(33 Ffokd A% 7= 2 4% A9
g T AR 5 L A%
" =9 (Hut =) R ACES)
2009 1,510.2 167.6
2010 1,699.4 184.2
2011 1,935.7 204.7
2012 2,172.2 225.2
2013 2,408.3 245.7
2014 2,644.4 206.2
2015 2,880.9 286.7
2016 3,117.1 307.2
2017 3,353.6 327.6
2018 3,590.0 351.3
O 20133 F7 Ffrokd] A1 HFEE F 249 8Tk G olr, dFFAZ4E(20019~2013
W) 12.4% 8-S e/ 20183@ A1 o 7 EE 359 91T Y E o dEY, A3
A AE(2013~20189) 8.3%= 7= Ao wE AYH
O 7HZgEE HH gfFols AL T Ffoka A9 82.2%9 vlEs< AA|3H
7 & TFEE UER. frobs R A EFS A 8.6%E AHAIF
[FHEIZEE F5 FFord A&F22013d 73]
T
a e U5E]
4 frol-& A eld (Baby Cereals) 1987.9 82.2
ol 221 9fol4 (Bottled Baby Food) 206.3 8.6
4 folg 24 (Baby Snacks) 150.8 6.3
M &3 F-F-o}2(Canned Baby Food) 38.2 1.6
718} 4012 (Other Baby Foods) 34.1 1.4
A 2408.3 100.0
-Z%] : Baby Food in China, MarketLine Industry Profile, 2014.9.
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m selenium
m prostaglandin A
m cysteine

of 5

m /-carotene
m lecithin

g

m /-carotene
m vitamin B, B»
= pectin

WA
(o], e,
ol

= folic acid
» [ -glucan
= polyphenol
= phosphorus

o

= glucosinolate

= methyl mercaptan
= indole

m vitamin A, B&, C
m [ignin

10

m asparaginic acid

11

m [ -carotene

= jalapin, mutin

m ganglioside

m chlorogenic acid

m vitamin A, By, By, C, E

12

m vitamin Bf, C
n 204

-ka, P, Ma

» Tyrosine

» Chlorogenic acid

13

= fisetin
= lignan
m cucurbitacin A, B, C, D

14

= Kaempferol

= indole-3-carbinol
mvitamin A, C, U, K

m lysine, indole, selenium
= molybdenum

15

= Allicin
m vitamin A, B;, By, C

A

P~

=

16

» [-Arginine
m /S -carotene

17

m sesamin
= Selenium
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2. 438 f71% &A1Y FHot AFEL

A 7hs 5 2=A

P 2] 8715 5 .
YU e R g8 UL 2 EF
Qu ZAE
| o o ol | PRI ALS TG Y
é}ﬁixﬁ @g%;& ) ETED
@-Jﬁ_—_ 0 1:!1}_:?0%/\1
i m 27|02 AR 7He (7)€ FE])
ot Ak 0 o] {2 m 2 3ZQ
2] 3 2 7 oA
-1
T - F7)ol2 AHE 7H591E o] %)
(3A) 0 AL S PO
2] 3
217 Nz | PF1OHEA AR 7SO o)
o 0 :]jr:—?“ n M EAdH 27
= A 5-
. n S7)o] 2] AR 7HEs(971E o] %)
0 o] 524 N ==}
/\]E/\XH 1T 3127] ‘?l“?——_]'
= 3
- n 702 AHE THS(TE ol )
= 0 ol | mZ7|o]FA A
Sz | o Odz;r—.‘ 8 715 G/lEHE)
OJ:HH . ; ) \o_ 43} ﬂ%(lignln)
m 7|0 =
= o ol#4 | ° o:l7o] |2 AMg 7Hs (57N E F-H)
REp o.‘ﬁ‘ol’. s 3, "WYX, Alg{xA
- : (vitamin A, selenium) T
O 1 O] A )‘\‘} :
A | 22708 0 s
H S SX &3} f-carotene)
&t 0) o] G-l - iﬂj% ]‘ AHE 755G Y EE)
2 mHE =32 &FokRFR.
ety : &% (selenium)
AFLA | w ddshae( '
e d prostaglandin A)
» 4k 2F-&(cysteine)
)} 0 o] 2]
Az | " F71o]2 AHE 7He (7€ o] %)
3} O ol .
= m 27])0]f2 AR 7
ey ° s (G EFE)
— AEFaA] | mHYSH g 3H(Allicin)
nx 0 ol | mF
F71°l2 AHE 7l .
o & 7hs (1714 ol %
- FaA | wAFAE WA A »
HAR | O oL
Az | " F71012 AHE 7Hs (T € o] %)
gfz8 | O AU
Az | " z710]2 AHE 7Hs (G EFE]D
FUE O ol
2] F A7) S7)o)l4 AHE 7SO E o] %)
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A2 A 771F wAv ToteA &Y

L #71% #3043

7 #AEn A8

O duj&= nzg&go g

, =), &0 §) SEEHE 5T A

FaAdE =&y
| R E
= anthocyanin
s 24E Az
w o) Az
= chlorophyll e
| . ol 4] Az
= anthocyanin
n 2HE Az
Al = WEFIB, B, ¥% | molf4 A=
ek = HIEFIB,, B, F5- o] 124 Az
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2. otz I

I, otz &
O A7 §AENGE Tu))E R 12417 A AlF] drold ]S ALL31¢ 0, wol
ANZEE 12, 24, 327t 202 HAAI

O wopae] eEzAL 25Co|H, AUFES 80-05C HAA L

dhol 2 & o} x| 7k otz ol o] (mm)
Q) o T gw | oww | omw | oaw | oz
12 1.00”® | 090%® | 110" | 1.10%® | 1.20%°
CRlhens : o
25°C 24 e | 20077% 121070 21079 | 250770 | 2207
80795C
32 520" | 510" | 5007 | 5107 | 480"

L. 2ol dojo] mE GABAT
O F#7|He] HYPE3] 10-2015-04147942 o} e B =] AZLHS ATEHE &85+

O ol e7=r e Aol Aozl 2mmY w 7IHHGABA)S] ko] Al
z

o] o7t dojdag oA+ AS & F U+
o4 o) (mm)
1 2 3 4
718HCABA) 0.5428ug/g 0.5842ug/g 0.5811ug/g 0.5840pg/g
A= 4.202g/sec 3.928g/sec 3.838g/sec 3.226g/sec
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O Aol &gt HsHA

O wotd FAAvIE FFHNE xejsto] Toldr| o] A A3 ASH7FE IS

O dlzureatEoelol 4] 7Y AT4 51 [ o4 xoied 5% & Toldn|E |2 7
Fol e 108 e ez #e s AP+

O <&, &, 7], A%, 718% 5&ES mievd -3, Ui -1 BE 0, F5 L WeE+
39] Tge] HHo= o, & A7), Az AAHR] VEx 5 SFEHOE S
7HE e

O 47 Ao =& HAFF F dotdv|ol tizt 2wl 77t M =L 24-@), 24
-®), 24-©, 24-0°] FAEE HF AAst] S B AFLACIFADE F8313
°

T SR 2 7] Az ke H] 3L

12-® 16 2.4 2.2 1.8 L0

12-® 2.1 2.2 2.1 1.2 1.2

12-© 2.8 2.1 2.0 1.0 15

12-0© 2.6 2.0 1.8 1.6 1.2

12-® 2.1 1.7 2.4 1.4 1.0

24-® 2.1 1.5 2.4 2.7 2.8

24-® L6 L5 2.2 2.8 2.6

24-© 1.4 1.8 2.0 2.9 2.7

24-© 1.4 1.4 2.2 2.4 2.9

24-® 1.3 1.4 2.6 2.6 2.8

32-® 0.7 -0.4 L5 1.0 -0.4

32-® L0 -0.5 L5 1.4 -0.1

32-© 1.2 -0.2 1.7 1.2 0.0

32-0@ 0.8 0.0 1.8 0.8 L0

32-® L0 -0.9 2.2 1.6 1.2
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Al 44 97t 24T

1. A= 2]Z& (phagocytosis) BA = FA

st HA (complement) 5] Uw. AEE+ Al 28-S HHste o2 Al Z(macrophage) 7t
A oln o5 AMEEHE TNF-o & 22 E7IRIS AAsAY 7S 457
= 717 Sel AA W Al g AYgEes SAAVIA F. olHd tiaAlEe] &4
=435t7] 9st] oM EFQA RAW264.79 72k A189 100 £g/ml =2 A 5,

2
FITCE £49 Ecoli ParthleJ4' MR e, ML AAE BHL HAME hRol
o ZHFES. AP A AP,
o

 GFFEEA, B9 MY, B IFFEES LT ERT SERO), @),
ol HeFZED, B), AN, i HeFEEL LIZ ERF SAEENA F94
o2 HAMEe] Aagel Fret(Fig . FH HETOR LPSE AHESHAS

NA LPS 100ng/ml A
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18 -

] *
_E:Dﬂﬂl— * T
@ £ 121 ]
= 0O B8 2
;3 * :
2E ° =
o :

9 |

|H—| T T T T T T 1

e o B e e
BACLPs A& ° B € " E CF

Fig. 1. Effects of A, B, C, D, E, F on phagocytosis in macrophages. Macrophages were
treated with 100 #g/ml for 24 h. FITC-E.coli particles treated with 2 h and then
reacted tryphan blue. Cells were washing out and then phagocytosis were measured
by ex, 490nm em 530nm. *P < 0.01, significantly different from control.
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2. A Z A3 #& cytokines LA thy I A

ANAA AGA e F23 AlEQ o2 A E(macrophage)ol] ZH&3te] o]E A ZZFE TNF-
o (tumor necrosis factor- a )&} & Ao EFICIS WA ALY 7|%5S SAIA 7= 712+
ol A W Azl tigk A" S FAAIA . A ES &Adste #HEd 4F
cytokines®] FHzF o thk FETFS A EFQA RAW264.7 Azl Z+ AJ52] 100 4«
gimlel =2 Agsle] AEZHE total RNAS 2 2 cDNAES A x3le] tf2 A Z9
gA3tet FHEEE ¥ A cytokinese! TNF-eo, IL-6, IL-18¢ &S real-time PCRS
o] &3] =AU AF A TNF-a, IL-6, [L-189 T30l RE ABA F3F <

7+ Yeh 3 (Fig. 2).

(Fold of control)
i

*

- mmN

MALIPS A B C D E F

Relative TNF-alpha to GAPDH
o

=]

2EE

g

Relative IL-13to GAPDH
{Fold of control)
Mo

o388 . ¢

*
e Trf—lﬂ_‘ 1

NAIPSA B C D E F
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Fig. 2.

g

Effects of A, B, C, D, E, F on TNF-«, IL-6 and IL-1 2 mRNA expression in RAW
264.7 cells. Macrophages were treated with A, B, C, D, E, F 100 «g/ml for 24 h.
The cells were lysed and total RNA was prepared for analysis of TNF-¢, IL-6 and
[L-153 gene expression. PCR amplification of the housekeeping gene, GAPDH, was
performed for each sample. TNF-e«, IL-6 and IL-15 mRNA expression in exposed
cells was compared to that in unexposed cells at each time point by real-time PCR.

*P < 0.01, significantly different from control.
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3. AAME A4 wE No (Nitric oxide)s = ZA}

No 5+ taAxze 48 & & de AAZAES #Ho] Je= 1 S =49
S Y. A EZI) o ATl oF] EAo] HH thFsgh cytokine A 4 Nog o

A A sro g FEugh o3 M &S FAFSHY] flal thA A TS RAW264.7¢9
Zt N8 100ugml B2 AHgd F Axo A=AE wrE Eg3le] Griess reagentset
Hh-&A121 % microplate reader® 570nmeollA FFEE SASHAS. AFAH, AR, &

=]
T @5FEEA, B AAadn, B dFEFEES L1E S EFEO), adn, &
T FAFEFED, B, ANEr], v FAFEFES LIE EFS TFEMANA FoFo=z
No (Nitric oxide)s =7} S7FsFA=(Fig. 3).

S 2 ¥ :

= 1 I T

: Ey

2 4.

1

=

2 10- *

=

2 | "
2 5 My
Z D I|_II—|I T T T T T I|_,I—|'I T 1

MNA LPS A B C D E F

Fig. 3. Effects of A, B, C, D, E, F on nitric oxide in macrophages. Macrophages were
treated with 100 zg/ml for 24 h. Macrophage cell’s supernatant react 10min with
Griess reagents. Nitric oxide were measured at 570nm. *P < 0.01, significantly
different from control.
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