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주도 시장 부문

BASF, DSM 비타민E와 비타민C(ascorbyl palmitate)

ADM 천연토코페롤 혼합제제

Kalsec, Naturex, Danisco 로즈마리추출물

Camlin Fine Chemicals, Eastman
Chemical Company, Danisco

합성산화방지제(BHA, BHT, TBHQ, propyl gallates)

그 외

Zhejiang NHU Company LTD, Maoyuan Chemical Industries,
Zhangjiajie, CSPC Weisheng Pharma (Shijiazhuang) Co., Ltd.,
Zhengzhou Tuoyang Industrial Co., Ltd. 및 중국기업과 같은 몇몇 아

시아 기업들이 보존료 시장을 차지하고 있음
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2012 2013 2014 2015 2016

1,464 1,584 1,713 1,853 2,004 8.2

254 322 410 520 664 27.0

1,718 1,907 2,123 2,374 2,665 9.2

Asia-Pacific 78.7 84.3 90.9 98.5 107.3 8.2

Europe 114.9 128 144 163 186 13.2

America 113.9 123.3 134.5 147 161.7 9.3

합계 307.5 336 370 409 455 8.2

5,100 5,600 6,188 6,869 7,672 8.5

살균소독제

합계

국내시장

보존료
(항산화제)

국내외 합계(억원)

국외시장

성장률
CAGR(%)

시장규모
                         년도
   구분

천연첨가물
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CA21의모든가능한구조CA10과 CA14의구조비교 CA14, 26, 38의구조비교
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glabridin carnosic acid Dioscin
1,2,4,6-tetra-O-galloyl

- -glucose (ST-7)β

0.13% 3.2% 0.04% 0.02%

40% 50% 5% 0.1%

β
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나노소재내 코어소재 포집률  
예상유효성분함량

실제유효성분함량
× 
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균사멸율 
무처리군균수

무처리군균수 처리군균수
×
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60% Carnosicacid
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시료
감초 (ppm) 로즈마리 (ppm)

코어소재 나노소재 코어소재 나노소재

무처리 50 31.2 12.5 25

60℃ 62.5 50 25 50

70℃ 62.5 50 25 50

80℃ 62.5 50 25 50

90℃ 62.5 50 25 50



72



73



74



75

β

α

β



76

α β



77



78



79



80



81



82

β



83



84

μ

μ



85

 
×  
×  

× × 

≤

≤

≤

≤

μ μ

μ



86

α α

β

β



87

β

μ

μ



88



89



90

μ



91



92



93



94



95



96

다 온도 영향에 따른 품질지표별 활성화에너지 산출. (Ea)
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μ μ μ

μ μ

±
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μ μ

μ

μ μ

1000 g/mlμ 1000 g/mlμ

100 g/mlμ 100 g/mlμ

10 g/mlμ 10 g/mlμ

μ μ

μ

μ μ

1000 g/mlμ 1000 g/mlμ

100 g/mlμ 100 g/mlμ

10 g/mlμ 10 g/mlμ

μ μ μ

μ μ μ

μ μ μ μ

μ μ μ

μ μ μ μ μ μ
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44. Cycloamylose
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θ
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45. (A) Isoamylase debranching

, (B) debranching

.

α

α α

α

α

α

α

α
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48. (A) Standard cycloamylose standard curve, (B) HPSEC

standard cycloamylose cycloamylose .
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49. HPAEC cycloamylose ((A) isoamylase

, (B) cycloamylose, (C) Standard cycloamylose.

50. MALDI-TOF cycloamylose(A) standard

cycloamylose(B) .
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a calculated as 162n + 18 + 23Da, 18Da the additional mass of a reducing end residue.

b calculated as 162n + 23Da, in which 162 Dais the mass of a glucosyl residue, n DP, and

23Da the mass of sodium ion.
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51. (A) UV-vis spectrophotometer carnosic acid

, (B) Carnosic acid standard curve.

β

β
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β β

β

β

β

β β
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54. Differential scanning calorimetry (DSC) . (A)

, (B) cycloamylose, (C) /cycloamylose

physical mixture, (D) /cycloamylose

θ
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55. X-ray diffraction(XRD) . (A) , (B) cycloamylose,

(C) /cycloamylose physical mixture, (D)

/cycloamylose
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56. Field-Emission Scanning Electron Microphotographs. (A)

cycloamylose(500X), (B) (5000X), (C)

/cycloamylose (500X), (D) /cycloamylose

(500X)
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β β

Host concentration (%)
MIC (ppm)

CA MD -CDβ

Free

carnosic acid
45.21 46.11 46.11

0.5 45.81 47.00 18.16

1 51.92 50.88 18.05

2 27.52 26.85 35.65

5 15.89 28.19 -

10 20.47 31.62 -

20 11.82 19.91 -

30 7.63 20.58 -
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β

β

Incubation time (h)
MIC (ppm)

50% EtOH 5% EtOH

1 8.70 14.13

48 9.14 49.53

Host

material

Antioxidant activity (ABTS radical scavenging activity %)

Host concentration (wt %)

0 0.5 1 2 5 10 20 30

control 38.302

CA 38.395 39.085 40.241 39.799 42.477 41.260 40.667

-CDβ 39.698 40.199 40.930 40.510 40.389 39.767 40.544

MD 38.712 40.379 38.050 38.178 37.928 39.489 41.075
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58.

((A) cycloamylose, (B) -cyclodextrin, (C) maltodextrin)β

β

β

β

β
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59.

((A) 0.5%, (B) 1%, (C) 2%, (D) 5%, (E) 10%, (F) 20%, (G) 30%)
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β

β

60.

((A) cycloamylose, (B) -cyclodextrin, (C) maltodextrin)β

β

β
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61.

((A) 0.5%, (B) 1%, (C) 2%, (D) 5%, (E) 10%, (F) 20%, (G) 30%)
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Storage time (day)
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주0 주1 주1 주2 주4 k R²

X 68.7 35.6 27.5 10.0 4.1 0.09 0.95

CA 261.7 261.6 192.8 142.5 100.1 0.034 0.95

CD 2094.4 2188.2 2175.9 1684.7 1478.8 0.014 0.87

HPbCD 1990.4 1993.8 2087.2 1821.8 1618.0 0.008 0.85

MD 189.8 179.5 192.9 115.4 89.1 0.028 0.89

ClusD 181.2 172.9 181.3 108.7 79.1 0.03 0.91

β β
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μ

β

β

⁻

⁻

⁻ ⁻ ⁻
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β β
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(A) (B)
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(A) (B)
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∆ 흡광도



∆ 핵심성분 


× 보조제 


∆ 핵심성분 




나중형광세기 
 처음형광세기

   핵심성분    핵심성분 
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(1) -L7D-

) CA Dextrin-L7D ( 159)

159. CA Dextrin-L7D

Dextrin-L7D L7D 37 nm 21 nm

. CA L7D

. CA Dextrin-L7D 2:1, 1:1 .

CA ,

.

) CA Dextrin-L7D ( 160)
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160. CA Dextrin-L7D

SEM . CA

Dextrin-L7D . L7D Dextrin

L7D film .

) CA Dextrin-L7D
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161. CA Dextrin-L7D FTIR

3100-3500 cm
-1

OH

. L7D OH ,

. CA , CA

.

) CA Dextrin-L7D pH ( 162)

162. pH CA Dextrin-L7D

CA-Dextrin pH 7.0 2.0 150 nm

250 nm . CA-L7D-Dextrin pH 100

nm , .

CA-Dextrin CA-L7D-Dextrin pH 7.0

, pH .
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) CA Dextrin-L7D ( 163)

163. , CA Dextrin-L7D

CA-L7D-Dextrin NaCl ,

NaCl . CaCl2 , Dextrin L7D

. NaCl CaCl2

.

(2) - (CA)/ (RA)

) CA/RA Dextrin ( 164)

164. CA/RA Dextrin , ,

Dextrin 20 nm PDI 0.2 . RA CA

40 910 nm , PDI 0.7 0.6 .

Dextrin CA/RA .
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) CA/RA Dextrin FTIR XRD
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165. CA/RA Dextrin FTIR XRD

RA/CA FTIR XRD . RA/CA-

Dextrin , CA/RA RA/CA . ,

CA/RA , CA/RA Dextrin

.



218

) CA/RA Dextrin DSC TGA

166. CA/RA Dextrin DSC TGA

CA/RA Dextrin .

(3) -M7D-

) -M7D
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167. -M7D

M7D

. M7D

.

(Trp) Trp-164 Trp-199 as1-casein

, Trp-109 Trp-193 as2-casein , Trp-143 -casein . M7Dβ

, M7D .

275 nm ( ) UV-vis M7D

, . M7D

, -M7D

.

) CA-



220

Wavelength (nm)
300 320 340 360 380 400 420

F
lu
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e 
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U

)

0

800

1600

2400

3200

0
5
10
20
30
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50

CA [M]

pH 7.0

[CA] M
0 10 20 30 40 50 60

F
o/

F

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8
kQ= 1.42×1012 M-1/S, R2= 0.97

1/[CA] M-1
0.00 0.04 0.08 0.12 0.16 0.20 0.24

F
o/(

F
o-F

)

0

2

4

6

8

10

12

14
K= 2.89×104 M-1, R2= 0.98

log [CA] (M)
4.2 4.4 4.6 4.8 5.0 5.2 5.4

lo
g/

(F
o-F

)/
F

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0
n= 0.93, R2= 0.98

168. CA-

CA Trp CA- . CA-

1:1 , 2.89x10
4
M
-1

. CA

.

CA UV-vis CA .
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CA

, II (1550.11cm-1) 1543.36 cm-1 CA C=O

C-N .

) CA -M7D

-M7D CA , CA

-M7D CA

. CA- CA- -M7D pH

. (pH 4.0) , M7D

.

(4) (CA)- (BSA)

) CA BSA

169. CA-BSA

- CA BSA , ex = 280 nm (A). Stern-Volmer , kQλ

(B), , K (C), , n (D)
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Ibuprofen, Digitoxin Warfarin BSA CA

170. CA-BSA BSA CA

) - BSA-CA ( 170)

280 nm CA BSA CA-BSA .

CA-BSA 1:1 , 5.3x104M-1 ,

CA BSA .

BSA 3 ( I, II, III) .

CA I

, CA BSA I ( IIA) .

CA BSA I .
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) CA BSA

171. CA-BSA FTIR　

= 15 nm (A) and = 60 nm(B) . CA BSA FT-IRΔλ Δλ

(C)

CA BSA FT-IR (C) . CA =15,Δλ

60nm .

CA

. BSA BSA-CA FTIR 1647.97 1638.93Ⅰ

cm-1 , 1545.97 1551.63 cmⅡ -1 BSA 2

.

) CA-BSA
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172. CA-BSA

BSA-CA CA . CA

PDI BSA-CA .

(5) - (HPBCD)

) HPBCD

173. -HPBCD

HPBCD 70 nm , L10D HPBCD

40 nm . HPBCD , 70

nm 100 nm . L10D-HPBCD
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, 40 nm .

. , -HPBCD -20mV

.

.

PDI

.

.

, -HPBCD-L10D

, ,

-HPBCD . ,

1 : 1 .

) -HPBCD pH

174. pH -HPBCD , ,

-HPBCD pH2-pH7

. pH 40 nm

, pH PDI 0.2 1.0 . pH

-20 mV -3 mV .

.

-HPBCD pH 12

, pH

. pH

.

) -HPBCD
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175. -HPBCD , ,

-HPBCD

(NaCl)

. , PDI 0.2 1.0 .

.

,

. -HPBCD 12

,

. ,

500mM .

) -HPBCD

-HPBCD①

176. -HPBCD

DPPH

. ,
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. -HPBCD ,

. 3.3

.

-HPBCD②

(Pseudomonase aeruginosa) .

, . ,

.

③

-HPBCD .

.

(6)

) - , PDI,

177. pH OVA-PEC , PDI

OVA-PEC pH 7.0 357 nm pH 4.0

437 nm . pH 3.0 , PDI

0.45 . pH 7.0 3.0 .

OVA PEC .

) -

178. pH (A : pH 7.0, B : pH 4.0, C : pH 3.0) OVA-PEC
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- pH 4.0 3.0

, pH 4.0 3.0 .
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DPPH radical scavenging effect (%) =
{(C-CB)-(S-SB)}

100ⅹ
(C-CB)
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DPPH radical scavenging effect (%) =
{(C-CB)-(S-SB)}

100ⅹ
(C-CB)
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γ

γ

γ

γ
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MIC(ug/mL)

B.subtilis A.niger C.albicans P.aeruginosa

3

8 1,000

1,000

　 　 　 250

μ
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A B FIC index

B.subtilis 1 Additive effect

Combinations Expected EC50 Observed EC50 Effect

+ 83.91 85.14 Additive

+ 37.09 36.81 Additive

+ 21.80 20.93 Additive

+ 88.24 79.87 Synergistic

+ 72.95 64.09 Synergistic

+ 26.13 25.83 Additive
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Antimicrobials
S. mutans S.sobrinus

Free NPs Free NPs

Grapefruit seed extract 0.13 0.06 0.03 0.03

Clove oil 1 1 0.13 0.13

Thyme oil 1 1 1 1

Cinnamon oil 2 2 1 1

Black pepper oil 2 2 1 1

Combinations
S. mutans S. sobrinus

Free NPs Free NPs

Grapefruit seed extract + 　 　 　 　

Clove oil 0.69±0.09 0.52±0.13 0.61±0.09 0.63±0.10

Thyme oil 0.75±0.00 0.88±0.14 0.77±0.18 0.76±0.23

Cinnamon oil 0.64±0.08 0.61±0.11 0.60±0.08 0.69±0.13

Black pepper oil 0.69±0.21 0.71±0.25 0.79±0.19 0.77±0.22
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γ

γ
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γ

Free
(nm)

200 400 600

8 8 4 4
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γ

γ

Core
MIC (ug/mL)

Free Nanocomplex Nanoparticle

8 8 8

Glabridin 4 8 4
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γ

γ
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μ
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DPPH radical scavenging effect (%) =
{(C-CB)-(S-SB)}

100ⅹ
(C-CB)
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255

NPDs
1)

NPs
2)

Free
3)

NP 200 13.17 ± 1.47b 11.33 ± 0.52c

11.83 ± 1.17bcNP 400 15.00 ± 1.79a 12.00 ± 0.89bc

NP 600 15.17 ± 1.60a 12.67 ± 0.52bc
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1

μ

μ

μ μ
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μ

μ

μ

제 협동기관에서 개발하고 제품화된1

μ μ

μ

μ

제 협동기관에서 개발하고 제품화된1
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제 협동기관에서 개발하고 제품화된1
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1

μ



263



264

1

제 협동기관에서 개발하고 제품화된 로즈마리나노소재에 대한 단회투여독성평가를 수행1

하였다. (2000 mg/kg body weight) (

) ( 82)

( 83).

( 84).

1 (Soft stool) , 2

. 14

LD50 2000 mg/kg body weight .
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83.

84.

1

.
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  ,               

    ( 89).         ,    , 

               

(p<0.05)   ( 90-93). 

,

.          

    .

μ
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: mast cell .

Hyaline globules .

: Glisson’s sheath mast cell

, .

.

: .

mineralization, hyaline globule in proximal tubule

. Glisson’s sheath mast cell
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)

①

95% 20% (w/v) ,

1~30% (w/v) .

1% (w/v), 0.5~30% (w/v), 5%

. 25 24℃

.

②

XRD, FESEM DLS .

, , X (SmartLab, Japan)

2 5~40° 0.5sec/step . FESEMθ

(SUPRA, Germany) ,

2 .

1% (w/v) (DLS) ,

.

③

16 , 10

(2000 mg/kg body weight) 1 4

.

30 , 1 , 2 , 3 , 4

, 14 1 . 3

, 7 14 .

④

0 ( ), 500, 1000, 2,000 mg/kg B.W.

14 .      2  (

,  )  ,          4       

.   14    .   ,  ,  (   ), 

   1      (   )     .    

     1    .      ,           

          ,  ,             

  . , , , , , , , , , , , ,

+   ,     

(%)   .               

.            18       isoflurane
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          .   

 EDTA  CBC bottle     (ADVIA 2120i, Siemens, Germany)

        : white blood cell count, differential 

leucocyte count, red blood cell count, hemoglobin (HGB), hematocrit (HCT),

RBC indices, platelet.

(3000 rpm, 10 ) (TBA-40FR,

TOSHIBA, Japan) : total bilirubin, alkaline

phosphatase, aspartate aminoransferase, aspartate aminotransferase, alanine

aminotransferase, gamma glutamyl-transferase, creatinine, blood urea nitrogen.

, , 10 % neutral

buffered formalin , · ,

· , ,

Hematoxylin & Eosin .

· · 10 % neutral buffer formalin .

⑤ –

4 (Salmonella typhimurium TA98, TA100, TA1535 TA1537),

1 (Escherichia coli WP2uvrA)

. 5,000 g/plate 4(1250, 313, 78.1μ

19.5 g/plate) agar 48 ,μ

.

-⑥

Chinese hamster lung(CHL/IU) .

5,000 g/mL 8 (2500, 1250, 625, 313, 156, 78.1, 39.1,μ

19.5 g/mL) 50%μ

. 2-3

18-24 , 200

.

-⑦

ICR . 2,000mg/kg

2-2 (1,000, 500 mg/kg) 24, 48, 72

.

)
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①

DLS , 985.7±29.3 nm

0.343 PDI .

(XRD)②

X .

.

. ,

. 20°

.

.

(FESEM)③

XRD

.

.

.

.

, .

.

,

.

④

(2000 mg/kg body weight) (

) .

.

1 (Soft stool) , 2

. 14

LD50 2000 mg/kg body weight .

⑤

      ,          ·      

          .        

            .

,
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.   ,               

    .         , 

,

.

              .

, Basophils (Baso, 103 cell/ L, %)μ

(p<0.05) ,

RBC indices (p<0.05)

.

.     ,       

          .

    ,  mineralization, hyaline globule in proximal

tubule .

Glisson’s sheath mast cell

.

.

, · rat 0, 500, 1000, 2000 mg/kg

14

. (NOAEL ; No Observed Adverse Effect

Level) 2000 mg/kg , .

⑥ –

.

.

.

.

⑦ –

. ,

. , 250 g/ml 9.0%,μ

340 g/ml 18.7%μ

.

.

Carnosic acid G2

, cyclin A ,
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. ,

. 250 g/mlμ

.

⑧ –

.

(polychromatic erythrocyte) (micronucleated polychromatic

erythrocyte) . ,

.

.

.

)

(

: 985.7nm) .

, ,

.

. ,

. ,

250 g/mlμ

.

.
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No SCI

1

Improving

solubility,

stability, and

cellular uptake of

resveratrol by

nano encapsulation

with chitosan and

-poly (glutamicγ

acid)

COLLOIDS

AND

SURFACES

B-BIOINTERF

ACES

147 ELSEVIER SCI 2016.07.30

2

-

49(1) SCI 2017.02.28

3

Physicochemical

interactions of

cycloamylose with

phenolic

compounds

Carbohydrate

polymers
174 ELSEVIER SCI 2017.07.10

4

Effect of xanthan
gum on lipid
digestion and

bioaccessibility of
b-carotene-loade

d rice
starch-based
filled hydrogels

Food research

international
105 ELSEVIER SCI 2018.03.01

5

Emulsifier
deendent in vitro
digestion and

bioaccessibility of
b-carotene loaded
in oil-in-water

emulsions

Food biophysics 13(2)
Springer

verlag
SCIE 2018.03.03

6

UV and storage
stability of retinol
contained in
oil-in-water
nanoemulsions

Food chemistry 272 ELSEVIER SCI 2018.08.20

7

feasibility and
characterization of
the cycloamylose
production from
high amylose corn

starch

Cereal
chemistry 2018

AACC

international
SCI 2018.09.04

8
Biotechnology
and Bioprocess
Engineering

2018 SCIE 2018.09.18
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No

1 2016.08.17

2 2016 IuFoST 2016.08.23

3 2016 IuFoST 2016.08.23

4
2015 Md. Abdul

Razzak
2015.11.04

5
2015 Md. Abdul

Razzak
2015.11.24

6

2016 TechConnect World

Innovation, National Innovation

Summit and National

SBIR/STTR Conference

2016.5.23.~25

7
Institute of Biological

Engineering 2016 ( )
2016.04.08

8 2017. 06. 22

9 2017. 04. 21

10 2017. 06. 21

11 2017. 06. 23

12 2017 IFT Annual Meeting 2015.06.27

13
MD. Abdul

Razzak
2017. 04. 07

14
Arvie Camille

DE GUZMAN
2017. 04. 07

15
Md. Abdul

Razzak
2017.10.13

16 2018.04.27

17 2018.06.27

18 2018.06.27

19 2018 IFT Annual Meet 2018.07.18

No
( )

1
2016-

06-29

10-201

6-0081

488

100%

2
㈜ 2016-

08-08

10-201

6-0100

573

100%

3 ( )
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10-21

10-201

6-0137

607

100%
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