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Abstract

The purpose of this study was to improve the nutrition and the permeability of functional plants by using cryogenic
grinding technology. Barley sprouts, Curcuma longa L., Dendropanax morbifera LEV., Phellinus linteus were dried,
ground and extracted in different temperature conditions. Powder size of barley sprouts and Curcuma longa L. were
about 50 um and Dendropanax morbifera LEV. and Phellinus linteus were about 20 um. Cryogenic ground of Bar-
ley sprouts preserved 18.27-124.65% of nutrients such as protein, ash, carbohydrate, beta carotene, minerals, vita-
mins. Cryogenic grinding powder of Curcuma longa L. show high nutrients retention rate of lipid and carbohydrate.
Permeability was measured by Parallel Artificial Membrane Permeability Assay (PAMPA) to predict passive gastro-
intestinal absorption. Permeability of saponarin, which is marker compound of Barley sprouts, is 9.88 times higher
in cryogenic grinding powder than ambient grinding powder. Curcumin permability is 3.1 times higher than ambient
grinded powder. As a result, particle size, nutrition, protein digestion degree and permeability demonstrated a posi-
tive relationship with the decreasing grinding temperature for the powders. These results confirm that the cryogenic
grinding method had good suitability to increase functionality of plants, since it could minimize the heat generated

while processing and effectively reduce the particle siz

c.
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Table 1. Freeze drying processing condition of barley sprout and Curcuma longa L.

Item Freeze 1 2 3 5 6 7 8 Total
Temp. (°C) -40 -10 -10 0 20 20 40 40
Time (m) 180 180 1,200 120 480 120 480 180 1,200 4,110
Vacuum (mbar) 200 200 200 200 200 200 50 50
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272.93
64.33
124.88
96.91

Contents
319.44
1.33 3.63
41.33 34.19 82.72
4 4.06 101.50
53.33 58.12 108.98
11.43 10.45 19.97
168.27 89.51 176.03
8.65 108.13 9.99
92.90 980.74
90.28 80.47 80.47
92.92 797.16 98.99
1.83 -
0.54 -
0.86 32.21
79.51

109.33
940.17
39.22

FTARNE o1& B, &, G, Y] AR 51X B T 29
Tokyo, Japan)& ©]8-3t] EHAIEE o|u|H HolHE = Protease0i| 2|8t CHEE A4Stz #4
ettt J=A7 1AL oA 3 Y=ZA7](SALD- ol 235182 vlasly] 91t AFFHNA Z2H|
2300, Shimadzu, Kyoto, Japan)7]7]15 AF&3le] 78 A8 oAl Q7HE St WHS MEP st ARSIt A5 S
£ 39 Wk =4 sk protease (SLBT3383, Sigma Aldrich, St. Louis, USA)Z 23}
£ N2 5 A== Lyrosine (BCBT5226, Sigma Aldrich)
Eng EM(Pampa assay) of ZPA|No 7 wAlEly &F==47] (Spectramax iD3,
B AL o ek 20mL, L 75 10 Molecular Devices, Sunnyvale, CA, USA)Z 660 nmoj A]
mLe} EE 10mLE 42 89, E52 WS 20mLe S35t AshES v wEdih
AREEEATE & 20mLell 1g2] AlEE centrifuge tube 50
mLl| 2] sonication (Sonic vibra cell, Young Jin, Gunpo, EHX2|
Korea)”] 71 2 L& 5u5¢ FE30th AlEe €9 & A Ade BE FAS NECR S Hdayk
ol 2] BEF Qo d5o] 1l &7 AAsn. I EFAAE YERH AL, SAS 9.3(SAS Institute Inc.,
FZ3 {9 gyringe filter (0.45um, PTFE, Anylab,  Cary, NC, USA) program< ©]-&3&}o] EAHLA (ANOVA)
Seoul, Korea)Z ZE Y 3] A|RZ A3 T 3k & p<0.05 5941 Duncan’s multiple range testE 3}
Prisma HT buffer (110151, Pion Inc., Billerica, MA, USA) of Ag+ 7H] oA A" L 9T
S 408} B Ate] pH 742 AxT 4FH 119 AE
200 uLE £33 3|4 E A|RE donor plate2] ZF welloll A &
180 L @ AT} Acceptor plate= 200 uLe] ASB &<
(Acceptor Sink Buffer, Pion Inc.)S Zt welloll %<3} th. UM E B4
Acceptor®} donor plateE 2 9tate] FHE01%] sandwich plate 7hexZe mE B, &5, S, dEguAle] AEe
= 40 ABL (Aqueous Boundary Layer Thickness)e] Z71 245t A3} Table 2, Table 3, Table 4, Table 59| Y-}
22 Gut-Box™ (Pion Inc.)ollA 1A17HE<E vikaaiek. vl Wideh G 24 A3 dedt A= 728
& § acceptor plate®t donor plateell ‘ol A= AE= 2z vl T E, FEET 101 Blas] 9t
Z} 2ml e-tubed]l Ho} LC/MS (1290 infinity 11, Agilent — FES 0%=Z WHIslo] vw3dth S22 A3 A5F
Technologies, Santa Clara, CA, USA), (6495 triple quad, gt 9590 JIgESES v ]S o]&35ke] 100 g
Agilent Technologies, Santa Clara, CA, USA) 7]7]& 4] o] s YAtk FEE2 Fujof A HdH
SFATE 3714 water 90%, acetonitrile 10%°] Hl&& F & AlXbEl FEE0] S0 A8 TS 1000 &
o Sl FEFPEY FFe R Altste] veERl ATk
BERs FARMENS W @, 3 grshE, u)
EtRY, Z4, F, ZF, <1, HER Bl HIEH B29]
Barley sprout ambient ground Barley sprout freezing ground
Retention rate (%) Contents Retention rate (%)
82.61 341.39 88.29
2.21 166.17
37.16 89.91
4.18 104.50
120.63
18.27
93.63

AR 3EHE 2087FA] water 5%, acetonitrile 95%2]
H &2 FYsITh 208 FE 2558714 = water 95%<}
AR

Raw Barley sprout

A
AR LU
AR
acetonitrile 5%2] V)&= FY3I5 )
Table 2. Nutritional analysis of Barley sprout
386.67

Nutrients

Calorie (Kcal/100g)

188
90.28
748.29

2.24

0.21
0.64
41.45

Fat (g/100g)
Protein (g/100g)
Ash (g/100g)
Carbohydrate (g/100g)
beta-carotene (mg/100)
8
1,012
100
805.33
0
0
2.67

49.33

Ca (mg/100)
Fe (mg/100)
K (mg/100)
Na (mg/100)

P (mg/100)
Niacin (mg/100)

Vitamin B1 (mg/100)
Vitamin B2 (mg/100)

Dietary fiber (g/100g)

23.97
84.03
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Table 3. Nutritional analysis of Curcuma longa L.

Nutrients Raw Curcuma longa L. ambient ground Curcuma longa L. freezing ground
Curcuma longa L. Contents Retention rate (%) Contents Retention rate (%)

Calorie (Kcal/100g) 327.16 299.78 91.63 472.68 144.48
Fat (g/100g) 4.94 5.15 104.25 5.23 105.87
Protein (g/100g) 8.02 9.96 124.19 7.01 87.41
Ash (g/100g) 8.64 9.28 107.41 8.91 103.13
Carbohydrate (g/100g) 78.4 75.62 96.45 78.86 100.59
beta-carotene (mg/100) 0 0 - 0 -

Ca (mg/100) 88.89 95.86 107.84 103.80 116.77
Fe (mg/100) 1.23 2.35 191.06 3.09 251.22
K (mg/100) 3,462.35 3,584.56 103.53 3,800.83 109.78
Na (mg/100) 7.41 8.84 119.30 14.25 192.31
P (mg/100) 416.67 463.87 111.33 470.67 112.96
Niacin (mg/100) 0.62 0.56 91.63 0.24 38.71
Vitamin B1 (mg/100) 0 0 - 0.12 -

Vitamin B2 (mg/100) 0 0.11 - 0.12 -

Dietary fiber (g/100g) 31.48 44.63 141.77 18.17 57.72

Table 4. Nutritional analysis of Dendropanax morbifera LEV

Nutrient Raw Dendropanax Dendropanax morbifera LEV. extracts  Dendropanax morbifera LEV .freezing ground
wens morbifera LEV. Contents Retention rate (%) Contents Retention rate (%)
Calorie (Kcal/100g) 233.54 67.48 28.89 239.67 102.62
Fat (g/100g) 1.34 0 0 1.24 92.54
Protein (g/100g) 2.78 1.35 48.56 3.10 111.51
Ash (g/100g) 3.19 2.7 84.64 3.41 106.90
Carbohydrate (g/100g) 92.70 14.84 16.01 92.25 99.51
beta-carotene (mg/100) 0.21 0 0 1.03 490.48
Ca (mg/100) 1,073.56 292.85 27.28 1,128.72 105.14
Fe (mg/100) 3.81 0 0 5.99 157.22
K (mg/100) 638.17 979.76 153.53 580.89 91.02
Na (mg/100) 43.83 5,060.73 11,546.27 42.15 96.17
P (mg/100) 87.65 90.42 103.16 89.98 102.66
Niacin (mg/100) 0.31 2.70 870.97 0.21 67.74
Vitamin B1 (mg/100) 0.10 0 0 0.10 -
Vitamin B2 (mg/100) 0.10 0 0 0.10 -
Dietary fiber (g/100g) 80.25 1.35 1.68 76.34 95.13
ol 18.27-124.88%714] b Wk =7 ve} 52 &2 HAUTh HIER A (EPIRE)S dE, I, &
B ol Aukzsl ol viskel olF JYARL T AR B ZYEA Atch dololile B3 o,
HESE B4 WU A0® tehgeh W, A, ez, 717 wEe] mma Qgste] dukRaolA
B, Upolobal, Aol S Baslwe AN AT 91.63% REH ] EARY 3871%0] ¥ste] Ekeh. wlek
S} T e Ao BT Uololls MEIBI W Bl wlehEl B2 ABelM ZAHA ekgkort g
< B Ao SAHA AL, ARk et F2E4 9l Bl sAE A, e B2e dvhEd ot S4 w4
oA Bl HAed A2AgoNM F5H AE: | Ao oM HEEo] AR vIE Bl HERRI B2¢] BE
2 34 of freldh el SIHEAT. Aol el el
s TAEHNE W oUAL] A, grstEe]l AR NA 141.77%E =5 989 FEAE 2o =7
HE80] 105.87%, 100.59%% =k, Tl z.o Aukiy Uehd A2 A7 34 o] rtdt=RES(mailard reaction)
ANA F=A debstth FrIE RN E 2, 2R, 2F, U4 & F AA 2 A8 ES e gdd 2 il
EF, ol A& LukEdel et e BE 2lad FFeR x3tE o] ol el Sk A
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Table 5. Nutritional analysis of Phellinus linteus
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Nutrient Raw Phellinus linteus extracts Phellinus linteus freezing ground
utrients . .
Phellinus linteus Contents Retention rate (%) Contents Retention rate (%)
Calorie (Kcal/100g) 237.89 12.89 5.42 264.32 111.11
Fat (g/100g) 0.33 0 0 4.28 1,296.97
Protein (g/100g) 7.49 1.29 17.22 6.78 90.52
Ash (g/100g) 1.54 0 - 1.46 94.81
Carbohydrate (g/100g) 90.64 2.58 2.85 91.45 100.89
beta-carotene (mg/100) 0 0 - 0 -
Ca (mg/100) 107.93 11.60 10.75 127.42 118.06
Fe (mg/100) 1.98 - - 3.55 179.29
K (mg/100) 446.04 185.57 41.60 507.72 113.83
Na (mg/100) 5.40 5.15 95.37 4.90 90.74
P (mg/100) 148.68 67.01 45.07 146.72 98.68
Niacin (mg/100) 1.10 3.87 351.82 1.04 94.55
Vitamin B1 (mg/100) 0 0 - 0 -
Vitamin B2 (mg/100) 0 0 - 0 -
Dietary fiber (g/100g) 78.96 0 0 72.58 91.92
o=, g, G, A, FEolwA, v, A s0-  YEI| =
60°Coll A d¥kAaz A7l AE WeA2AZ Al5et v dE B EY 72 9 2FEAE 7] Sl FARA
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Fig. 1. SEM images of freeze and ambient ground powder by different particle size.
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Curcuma longa L.

Dendropanax morbifera LEV.

Phellinus linteus

Barley sprout
(ambient ground)

Curcuma longa L.
(ambient ground)
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:

T

x180 500 pym

Fig. 1. SEM images of freeze and ambient ground powder by different particle size (continued).
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Fig. 2. Particle Size Distribution of freeze ground powder. (A) Barley sprout, (B) Curcuma longa L., (C) Dendropanax morbifera LEV.,

(D) Phellinus linteus.
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Fig. 3. Particle Size Distribution of ambient ground powder. (A) Barley sprout, (B) Curcuma longa L..
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Fig. 4. LC/MS results of barley sprout. (A) molecular weight 594 before transmission of ambient ground, (B) molecular weight 594 after
transmission of ambient ground, (C) molecular weight 594 before transmission of freeze ground, (D) molecular weight 594 after transmission

of freeze ground.
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Fig. 5. LC/MS results of Curcuma longa L.. (A) curcumin before transmission of ambient ground, (B) curcumin after transmission of
ambient ground, (C) curcumin before transmission of freeze ground, (D) curcumin after transmission of freeze ground.
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Fig. 5. LC/MS results of Curcuma longa L.. (A) curcumin before transmission of ambient ground, (B) curcumin after transmission of
ambient ground, (C) curcumin before transmission of freeze ground, (D) curcumin after transmission of freeze ground (continued).
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Fig. 6. LC/MS results of Dendropanax morbifera LEV.. (A) molecular weight 610 before transmission of extract, (B) molecular weight
610 after transmission of extract, (C) molecular weight 610 before transmission of freeze ground, (D) molecular weight 610 after
transmission of freeze ground.
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Fig. 7. LC/MS results of Phellinus linteus. (A) molecular weight 490 before transmission of extract, (B) molecular weight 490 after
transmission, (C) molecular weight 490 before transmission of freeze ground, (D) molecular weight 490 after transmission of freeze ground.

Table 6. Digestion analysis of grinded botanical powders by protease

Observance after protease reaction Fold increase of digesting rate

Materials o
Ambient ground Freeze ground (%)
Barley sprout 1.445 1.807 125.05
Curcuma longa L. 1.716 1.310 76.34
Dendropanax morbifera LEV. 0.165 1.190 721.21
Phellinus linteus 0.155 1.191 768.38

Each ovwervance is p<0.05.
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