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1989/ 226, 2. 4| 2007/08 | 218.1 2.8
1990/ 231, 2. 5| 2008/09 | 225.3 3.0
1991/ 223. 2. 4| 2009/10 | 227.7 3.0
1992/ 222. 2. 5] 2010/11 223.2 2.9
1993/ 221. 2. 5| 2011/12 222.8 3.1
1994/ 214. 2. 4| 2012/13 215.8 3.0
1995/ 219. 2. 5| 2013/14 219.9 3.3
1996/ 230, 2. 5| 2014/a5 | 222.4 3.3
1997/| 228. 2. 7| 2015/16 | 223.7 3.3
1998/ 225. 2. 6| 2016/17 222.3 3.4
1999/| 216, 2. 7| 2017/28 | 218.6 3.5
2000/ 217 . 2. 7] 2018/19 215.5 3.4
2001/ 215. 2. 7| 2019/20 215.5 3.5
2002/ 215. 2. 6| 2020/21 220.9 3.5
2003/ 210. 2. 6| 2021/22 221.9 3.5
2004/ 217, 2. 9| 2022/23 | 220.3 3.6
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B dom
T = 4| T - 4|
1989, 533. 137 . 2007/08 612.0 126.9
1990, 588. 171.| 2008/09 682.8 167.1
1991, 543. 163 . 2009/10 685.6 202.3
1992 562. 177 .| 2010/11 651.5 199.5
1993/ 558. 183. 2011/12 694.0 209.6
1994 523. 164. 2012/13 656.2 175.6
1995 537. 155.| 2013/14 715.3 193.8
1996, 581. 163 . 2014/15 725.3 217.2
1997, 610. 197 . 2015/16 735.3 240.7
1998, 590.| 209 .| 2016/17 754.2 261.0
1999, 586.| 210.| 2017/18 762.9 279.9
20004 583. 208 .| 2018/19 731.4 284.1
20014 583. 205 .| 2019/20 762.2 300.6
2002, 569. 170. 2020/21 775.9 290.3
2003} 555. 135. 2021/22 780.0 276.3
2004, 626. 155.| 2022/23 789.7 271.4
2005, 618. 152 .| 2023/24 789.7 262.4
2006, 596. 13 2. 2024/25 798.3 256.6
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2005/ ( 57. 2 27 . 3 15. 5
2006/ ( 49. 2 24 .7 12. 4
2007/ ( 55. 8 34. 4 8
2008/ ( 68. 0 27 .6 17. 9
20009/ 1 60. 3 23. 9 26. 6
2010/ 1 60.0 35.1 23.5
2011/ 1 54 . 4 26. 5 22.9
2012/13 61.7 27.5 195
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2024/25 53.9 22.5 22.5
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2009/ 1 26. 8 19.0 7. 8
2010/ 1 23. 2 16. 6 7. 2
2011/ 1 25. 3 17.5 6. 3
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2024/25 35.0 25.0 3.1
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2007/ ( 120. 1 116. 5 12. 4
2008/ ( 151. 1 127.0 18.09
20009/ 1 138.9 125.0 16. 2
2010/ 1 135. 7 122.0 11. 6
2011/ 1 137.5 125.5 14.1
2012/13 133.9 119.5 10.6
2013/14 144.6 117.3 9.9
2014/15 156.5 124.7 12.7
2015/16 160.5 131.0 14.0
2016/17 145.5 128.0 10.7
2017/18 151.1 130.4 14.1
2018/19 136.9 121.1 15.9
2019/20 138.8 122.5 14.3
2020/21 126.9 104.8 10.7
2021/22 138.2 108.3 13.4
2022/23 134.2 109.0 16.0
2023/24 134.9 111.0 15.4
2024/25 128.0 110.3 10.2
M €
2007/ 109 . 3 106 . ( 39.1
2008/ 112. § 105. § 45 . 8
20009/ 115. 1 107 . ( 54 . 4
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2010/ 115. 2 110. § 59.1
2011/ 117 . ¢ 116. ( 61.5
2012/13 121.0 125.0 54.0
2013/14 121.9 116.5 65.3
2014/15 126.2 116.5 76.1
2015/16 130.2 112.0 97.7
2016/17 128.9 119.0 114.9
2017/18 134.3 121.0 131.3
2018/19 140.0 125.0 139.8
2019/20 133.6 126.0 151.7
2020/21 134.3 150.0 144.1
2021/22 137.0 148.0 141.8
2022/23 137.7 148.0 138.8
2023/24 136.6 153.5 134.5
2024/25 140.0 151.0 134.5
2007/ /5. 8 76. 4 S .
2008/ /78. 6 70. 9 13. 4
2009/ 80. 7 78. 2 16. 1
2010/ 80. 8 81. 8 15. 4
2011/ 86. 9 83.0 18. 5
2012/13 94.9 83.8 24.2
2013/14 93.5 93.9 17.8
2014/15 94.9 93.1 17.2
2015/16 86.5 88.6 14.5
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2016/17 87.0 97.1 9.8
2017/18 98.5 95.8 13.2
2018/19 99.9 95.6 17.0
2019/20 103.6 96.1 24.0
2020/21 107.9 102.2 27.8
2021/22 109.6 109.9 19.5
2022/23 140.0 108.7 9.5
2023/24 110.6 112.4 7.5
2024/25 114.0 113.0 8.5
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Cormposition and analysis of exper immental diets (55, as fod ).
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B A QMA n ol - GGCIA J>
ACJAT  (Yu WY 2002;Clarke WY 2018) W VFAA'A
AN éB t 9 R VFA < (mg/g)Y
u . R. VFAAMMN |

Y4y RNA &y reattime RT-PCR
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Table 2
Oligonucleotide polymerase chain reaction primers used.
Gene Accession number Primer sequence Product size, bp
D36 XM_005016709.3 F: GCCTGAGCCCAAATGAGAAG 240
R: GGACCCGACCAGAGACTTTT
FABP2 NM_001310343.1 F: AGCAACTTCCGTACCATCGA 174
R: GCCGACGATTTCTCTGTATGC
SIC2A1 XM_005014490.3 F: GGAGATGAAGGAGGAGAGCC 209
R: CAATGGTGGCATAGACAGGC
SICI5A1 NM_001310803.1 F: ATCCTGAAGAAACTCCCGCA 241
R: GTGTGACCTGCTGCTTTCAA
SIC5A! XM_005026696.3 F: GCAGTGGGACTATGGGCTAT 187
R: CTGCTGCTGTTCCTGCTATG
SIC7Al NM_001310833.1 F: GTGTGGATTCTTGCTGCGAT 190
R: GCATCCAGACAGCAAATCGT
Y2 XM_021278685.1 F: TIGTGGGTCTGTCTATCGCA 247
R: CACTGCAGACATCTAGGCCT
B XM_005012939.3 F: TICCACCCAGAGAAGAG CTG 223
R: CGTGACTGCAGTGTGTGAAA
ACTB NM_001310421.1 F: GCTATGTCGCCCTGGATTT 174
R: GGATGCCACAGGACTCCATAC
(D36 = (D36 molecule; FABF2 = fatty acid-binding protein 2; SLC2A1 = facilitated glucose transporter member 1; SLCISAT = solute carrier family 15 member 1;
SIC5AT = sodium glucose cotransporter 1; SLC7AT = high affinity cationic amino acid transporter 1; Y*L2 = YL amino acid transporter 2; B0 = B (0, + )-type amino
add transporter 1; ACTB = f-actin,
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Table 3
Effects of barley content and [-1-3,1-4-glucanase supplementation on the production per formance of laying ducks.
Item B-glucanase’ Dietary barley level, & Analysis of variance
o 15 30 45 (1] SES Povalue
B o B=G B = B
Egg production, &
+ 659 7.4 GEO 659 691 5.18 442 2.85 0.0001 0.002 M5
61.5 6.5 G610 54.9 381
Average g weight, g
+ 69.0 687 GE.G 690 G8.1 047 013 0.27 M5 M5 M5
GB.7 679 GE.G: 9.0 G68.1
Daily egg mass, g
+ 455 491 45.1 45.1 468 345 305 0.96 <0.0001 0.0m M5
421 4732 425 379 403
Feed intake, g
+ 160 162 161 163 163 1.01 106 0.96 M5 h 1] M5
163 165 163 163 163
FCR
+ 3.7 3.36 3.68 390 3.58 030 038 0. 16 0.02 <000 T NS
415 inz 4.01 453 4.34
Gizzard weight relative o BW, %
- 337 3m 3.07 329 e e 020 0.06 0.37 NS NS NS
33 326 359 3a 3.37
NS = not significant.
T+ with f-glucanase (1.5 glkg): —: without f-glucanase.
? 5.E: pooled standard error of fixed effects: B: barley: G: f-glucanase: B « G: interaction of barley and f-glucanase.
iR 2 " -
A B ® +f-Glucamase  C-f-Glucanase B st ® +p-Glucanase O -p-Glucanase
= (AT - D313+ DLETIIX + 66,16 - | ) e .
70 (R® = 08108, P—0.5358) U — ¥ = (LMZX7 - 0 6X7 + 0, 43T1X + 45,609
= (R =10.7612, P=0.5953)
& 65 ]
= g a5
2 E
= =0
o ~
3 60 . R P g oazg \
i s S . z 00004 - 0,038 40,8176 + 42.143
. L . 3 (R = 0.9973, P=1.0068) P
& 55 R &S 39 Y ’
et ~o -
= .14 -
50 L L " 36 L i " L
a 15 30 45 60 0 15 30 45 60

Barley level. %

Fig. L Regression analysis between (A) egg producton or (B) daily egg mass and dietary barley levels. The following esimated regression egquation was obtained:
we® + b + o +d, inwhichy = dependent variable {egg production or daily e gg mass), x = indepe ndent variable (dietary barley level, %) a. b, ¢ = slopes corresponding to %, 5%,
x, respectively, d = intercept of the line. Based on the regression equation, the estimated value of optimal dietary level was obtained when egg produdion or daily egg mass had its
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Table 4
Effects of barley and f-1-31-4-glucanase on egg quality of lying dudks.
Item B-glucanase’ Dictary barley level, % Analysis of vanance
0 15 30 a5 60 SE P-values
B G BxG B G Bx«G
Egg shape index
+ 728 723 723 n2 722 052 029 0.60 NS NS NS
724 n3 72 2 71.6
Yolk clor score
+ 533 5.00 408 45 258 146 0.11 030 <0.0001 (L, Q) NS NS
550 508 475 375 292
Albumen height, mm
+ 6.84 6.14 644 641 6.73 036 0.05 0.08 NS NS NS
6.79 6.15 628 643 651
Haugh unit
~ 79.7 737 759 76.0 785 025- 040 304 NS NS NS
79.1 742 749 756 77.2
Shell strength, N
+ 4.11 4.12 4.1 39 396 0.10 002 0.05 NS NS NS
403 417 399 39 400
Shell thickness, mm
Blunt
+ 032 031 031 a3l 030 0.005 0.005 0.007 NS NS NS
032 031 031 a3l 030
Middle
+ 034 034 034 033 034 0.007 0.003 0.009 NS NS NS
034 034 033 a3 032
Sharp
+ 032 032 032 031 032 0.008 0.001 0.006 NS NS NS
032 032 033 032 030
Average
+ 033 032 032 032 032 0.006 0003 0.005 NS NS NS
032 032 032 032 031
Egg compaosition, %
Albumen
+ 584 575 577 569 57.3 067 036 o3 NS NS NS
572 569 576 563 7.1
yolk
- 323 334 331 342 335 086 043 032 0.08 0.10 NS
336 339 332 348 340
shell
+ 928 9.16 930 892 9.16 0.19 004 on NS NS NS
920 924 920 9201 889
NS = not significant.
T +: with f-glucanase (1.5 g/kg): —: without f-glucanase.
2 SE: pooled standard error of fixed effects; B: barley; G: B-glucanase; B x G: interaction of barley and f-glucanase.
* Regression effect of barley level; L: linear effect, y = bx + ¢ Q: quadratic effect, y = dx” + ex + f; y: trait; x: dietary barley level, %
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Table 5
Effects of barley and f-1-3]-4-glucnase on the adivities of duodenal digestive enzymes and jejunal brush border enzymes in laying dudcs.
Enzyme f-glucanase’ Dietary barley level, % Analysis of variance
0 15 30 45 60 SE? P-values
B G BxG B G B =
Duodenal digesta
Chymotrypsin, Ufmg prot
- 130 124 7.40 974 an 122 118 134 NS 0.05 NS
G.43 964 5.75 6,89 B.00
Lipase, Ulg prot
- 159 208 155 1549 19.8 548 40 543 N5 N5 NS
158 245 130 154 143
Amylase, Ufmg prot
- 133 16.1 123 143 125 162 142 228 NS 0.03 NS
B.53 120 105 130 116
Trypsin, Ufmg prot
- 3,22 3334 1,911 3175 3.m5 118 1.00 126 N5 N5 NS
1915 2,790 2,622 2986 2,717

Activities of jejunal mucosal brush border enzymes
Alkaline phosphatase, Ufmg prot

- 6.49 849 6.98 5.82 5.61 123 043 277 NS NS 0
7.08 387 8.45 4485 6.05
Maltase, U fmg prot
- 114 136 110 127 120 145 21 122 0m N5 NS
104 141 109 17 12
Sucrase, Ufmg prot
- G633 643 736 G618 716 167 159 224 N5 N5 .M
843 §2.7 76.0 69.8 56.1

NS = not significant.
T 4+ with f-glucanase (1.5 glkg): —: without p-glucanase,
2 5 E: pooled standard error of fixed effects; B: barley: G: fi-glucanase; B « G: interaction of barley and f-glucanase,

Table 6
Effects of barley and f-1-3,1 4-gluanase on transcript abundance in the jejunal mucosa of laying ducks.
G i f-glucanase’ Dietary barley kevel, % Analysis of variance
o 15 30 45 (] SES Povalues
B G BxG B G B=G
D36
+ 127 094 088 061 7o 0.26 007 0366 0os (LY N5 NS
1.00 084 0.76 [1%-153 067
FABF2
+ 069 1.14 168 i29 384 LO03 026 068 <0.0001 (L, QF 008 0.o7
1.00 135 161 206 217
SLC5AT
+ 093 100 140 0B5 1.34 0155 002 028 NS 005 0.o8
1.00 092 101 094 a7s
SLCI5A1
+ 097 1.02 145 120 120 034 007 [IRE- NS N5 NS
1.00 091 145 LBG6 139
SLC2A1
+ 137 140 181 138 L55 [IRE 043 016 NS <0.0001 NS
1.00 093 107 77 085
SLC7AT
+ 093 0.58 0.99 096 096 o1l 027 044 NS 0oz NS
1.00 166 108 132 L14
Y L2
+ 166 465 384 9.80 403 245 130 324 0005 004 NS
1.00 144 5.58 330 LEG
BO
+ 1.06 0.55 0.49 036 as52 040 005 009 ool N5 NS
1.00 030 046 053 040

CD36 = CD36 molecule; FABF2 = fatty add-binding protein 2; SLC3AT = sodium glumse cotransporter 1; SLC1ISAT = solute carrier family 15 member 1; SIC2AT = facilitated
glumse ransporter member 1; SLETAT = high affinity ctionic amino acid transporter 1; Y912 = ¥~"Lamino add transporter 2; B0 = B (0, + )-type amino acid transporter 1;
NS = not significant.

1 4+ with B-glucanase (1.5 g/kg): —: without f-glucanase.
? 5 E: pooled standard error of fixed effects: B: barley: G: p-glucanase; B « G: interaction of barley and f-glucanase.

Regression effect of barley level; L: linear effect, ¥ = cx + d; Q: quadratic effect, ¥y =ex™ + fix + g v trair; x: dietary barley level, %
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Table 7
Effects of barley and f-1-3,1-4-glucanase on f-gluan ontent in duodenal digesta and proportions of VEA in the cecal contents.

Variable f-glucanase' Dietary barley level, % Analysis of variance
1] 15 30 45 60 SE* Pvalues
B G B B G Bl
Duodenal digesta f-glucan content, %
+ 1.3 1.96 1.70 210 3.15 .09 070 0349 10 .05 NS

144 3.65 iz 60 4.58
Digesta viscosity, cps
+ 2490 256 307 2449 2196 0.02 0.06 IV E} NS 0.001 0.0001
ERE} 332 250 353 283
Total VFA, mgfg

- .10 0.75 1.19 0.75 0.82 018 022 028 NS 0.05 NS
092 1.m 124 152 153
Propor ions, &
Acetic acid
+ 26.7 294 270 216 321 0.56 183 262 NS 0m 0.09

262 249 265 272 223
Propionic acid

+ 506 334 499 525 40.7 622 134 S.60 NS NS NS
447 4448 480 48.1 51.1
Isobutyric acid
+ 0.38 232 164 1.07 125 151 0.01 020 NS NS NS
i3 24 061 147 022
Butyric acid
+ 201 258 16.1 14.1 196 385 013 13 NS NS NS
19.7 194 220 18.1 215
Isowaleric acid
+ 028 13 215 1.77 243 215 025 67 NS NS NS
165 3.5 066 1498 022
Valeric acid
+ 10 5.84 07 292 3599 229 0.049 025 NS NS NS

451 475 227 308 461

VEA = volatile fatty acids: NS = not significant.
T+ with f-glucanase (1.5 glkg); - without f-glucanase,
? SE: pooled standard error of fixed effects; B: barley; G: f-glucanase; B « G: interaction of barley and f-glucanase,
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(3) 1137 112+ ty = u A
t T &:
113 " ‘ 2
R I ! . (a) (a) t( a) (a)
) (A=B+C+D) (8) © (D)
]
g |n 1| "™ 1224200 40.0000] 14.1667 68.2623( ¢, 2
X
Q n B0 1137
1 709170 35.4585 14.1666) 21.2919| /o, .
N\ r BUO 11371
X 1 64.8900|  32.4450| 14.1666| 18.2784| [, |
B oy B0 1137
E 1 87.2550  40.0000 14.1667| 33.0883| 11t A> u
p)
"_ n BUO 1137
1 81.2000|  40.0000| 14.1667| 27.0333| 15, 5
vl bR BUO 1137
1 81.0000] 40.0000 14.1667| 26.8333| 116 A> u
p)
h, 6 507.6910 227.9035 85.0000| 194.7875
o IR @ yB y ) 50%
(t) A t noot
1137 126 30w t 6 B 850,000a d
(o] 141,667y N 141,666a y
r 141,666a § @Y 141,667a y
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Ly M tA & O MNun
® vy 800,000a
' ®1137 16 1w3 12 31w
P b YHYu €
Cy. 3A
0 W (Arachishypogags C 0O WY, Z O LYI "HOO
gEMY O> QA AYd<C 6 LEPL” 2022 71

ST N VY ilY% ¥ + 18520e Y
t 51,006e Yty ~ T A LZM 41 ® 0
t 13,466e YZIt o 3,160e Y~ W XX 67
e Yo~ L4yl ZW] 5> A, tyi 9
yyr 11 yy1 12 yyi 13 y1 14 YZMyl 9
A Y YD Y1 YO LM
AVYT Q 0" EM p( Y 1999]
onm | - CO W Y35 0MWU bWww +toY
wd QRY ~ 7~10wYCXv o Oku z + 40%1+t 109%
W B0V | Ai Q (Sahdewtal,2015) " v & 10 5~7
ODNY3>€ b nw U Yw + / Vuwd
Jur v Y 4WQ » 3 6wY 1 WQ / 7 12wV
U zZ 13 10%Wt | 71 v Yb Y.
X tb OnMm ©ll 0 v | 30 W
n" A YTOudmAYLW > & Y
dhAb 1~2 w Wy f L ~oy” O W
Tl n Y v Wnz b ~0&n —NY’
|7| « £C T MY W A X A AN(Y
1999) 4l § W T Y oyX "~ A oy T
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etal,2015) © 2 M t A F Y3 ® YWF
0 I Yoy K Y ¢ « oY A NA
-0l

0O MA MY ko, Qz P 16%Y 6 z O
P 2580 oy =z 9P 50%eHY N P 8.5%Y oy’ X

A N & Q (Aryaetal,201g) 0 NS a OA=x
N, YKWE, N, A4NY N7 Y 0 MY XK
W AYW OWM yOMw  aoA YeaviNnidW

RAW unt 36% 54%(C VY 2004) 11uYO WY

b L N e y o F (GABA)yY € o0, Q
N »/4Q Yroy K O "H d2uy 1 'Aé Q
W E pZwbd NAB € GABA Az (Hung
& Chen, 2022)

N & A' A( €)Y~ A (radio frequency, RE)

AA mn 1B 300MHzM & 30013 30000 MHz

YL 9N & Al YA $ o NG
N7 LIy y wnKyvin AN £ 13.56 27.124
40.68 MHY Av i A £ 915y 2450 MH4 37 ' £ 1O
F YZF aqT AN H A N,1 YN, M f W&
nl L, | AVpY »~ ¥ 0

N Y vV, B ¢ ¢ F (Marraetal., 2009; Ling

etal., 2019)
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X rays Visible MW

Uv !_! IR RF
rays
d N —]
Frequency (HZ)
10" 10" 10" 10" 10" 10° 107 10°

l | | | | | | | | | ] | | | |
Wavelength (nm)

3x101" 3x10°  3x107  3x10°  3x10° 3x10°! 3x10  3x10°

Cy A L (Marraet al,, 2009)

IO F AGCH 4RI 1§ Y 1O ( Gop’
MQ | A 2Y~ 4, I (Uopy MQ
D A 2( Y2020 A F N.Y D f

endL ¢ Q- - OYZMPyprée B AF

(W/mAY f A (Hz)Y - ¢+~ EM| ¢ AIO
- y@utpm "QAaYET =(VimY ECrA tY
flfr o7a 4,1 (W) YoN;AC ent
? Yd 2 4d3f ¢ 1YP
anB ;s Aiwm € oA (Nelsonet al, 1966) S U A A
T sent

0 — — YZMctov (&
o pmai )(VonHippel,1954y° T " Wmz u <1 Y

€T - HWYZ" N 2uwnYdA Az =m A
At ~€ _ Y'HWA B n0 €E & +A 4,
(Zhanget al, 2016),

N F ¢ A 3007 ;A Bz

é (Hsuet al, 2022; Bermude?Aguirre & Niemira, 2023; Zhang
etd., 2021y (Zhou & Wang, 2019; Yen & Chen, 2022; Huang et
al., 2022y* 3 . 9 A WTA = Yo 70 Ll

A Y W V-, (Mao & Wang, 2023) (Jiao et
al., 2016; Lian & Chen, 2022) M (Wuetal.,2019) Y QT W_ W
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B8 27.12 MHzA A YO A F AW N, FLEN
A A 2]

AE A t ADMUNIO Y ZMA IO
& 4y, | FYd @A F O AF Yoy 0~
WO MA mnz (30%) 0o Kz (10%Y <
25y45y65&8851tYY ® - AIO & y
1 ( }) Ya A F tBt Yoy OWn’
Atdnz & <tYoyb p CO ° 2% 407 9158
2450 MHzt A KO € y4. | (Zhangetal, 2016)
L EC——
a b
Ay N’ U -t 0Nz 10% (af 30% (bJ1 4. |

(oR5 (YY), 45 @dB)5 W 5Zhangeral., 2016)
cCCOIYODNS ~" N ez & <t AN A
27 MHz& 40 MHz& 'A 915 MHzé& 2450 MHzt A+

s WA AT <Y €0 AYAaZzZ ommz  10%Y
O 258& 851 40 MHzA A1 ~nnt 391 cmé 284
cmY T 2450 MHzA A1 ~T X 6.84 cmé 5.70 cnY 4
N F AT - €Y AFB . LI oW (Zhanget
al., 2016),
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OCYy N nz AOWN 25&85tyx N’ T AT
= (Zhang et al., 2016)
B L T T P 7Py vir
25 524.85+£39.86 391.52+17.06 26974034  6.84+0.13
0 85 379.90+4.21 284.07 £ 1.02 22.20+ 0.07 5.70 £ 0.05
0 25 77.05+0.67 62.24 + 0.32 6.18+£ 0.01 2.83£0.01
85 21.11£0.07 17914006  4.54+0.01  2.24%0.01
. 25 22514004 1923003 4504000  1.72+0.01
85 12.15+0.01  1035+0.01  320£001  1.61%0.01
>opn M OMYOOLOWMAT éE€B Xunn’
AQ f Y Y DRmz MaYpb
Em tTIYNZM A mB O MNMUYL HYT
W / TuYaZz 1 3 é Y v
tADMT -#¢" 2hv yd Y ~B ADWMUYT -~
20hn  y > (Chenetal, 2023}, ~2 i A K 0
NuyY pPHMl QO N Y3 ® OU Fun = 10
"H D 10 A |, Chené Cheng (2019) ° i
kW, 40.68 MHzA v Y 1kg A OMa LY
Oz  40%1 3 5%0 1 A Y A 15 min
Y 6 A A 35min¢t ( t) ° A & a’
10y 12€ 14 cmt YT F 14y 18€ 20 minYy Kv =cC
3120 B Al QYoyOO A F - Y HW O Ny
A =2Y Y-lcT ®& (2023X° A F p 0
WYu CE° HfH>q 0W W FYOE ]
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0.8 100
0.7 41 90
. 4 80
= 00 170 O
EO'S —e—RF 1 60 E
203 —a—Microwave - 40 §
k= 4 30 S
202 120
0.1 4 10
0.0 ! ! ! 0
0 5 10 15 20 25 30 35 40
Time (min)
Tty A€ N M 1 kg O MAc & 5 | (Chen&
Cheng, 2019)
Xie (2022w N1° CIA (w y M y E
€ M t A ) ANWQAD WY P 2 yQ
ny E p AUMEYZMW M t A ¢ B
10 hY w / 31~ 30hY" LeA WMot
A EYQY ZK3 D LJ30 M t A 0
N A Z Y, tOMTANWQYzYX 49% VY
26% © Y16%A o, QYp OUL Z X E€A3 Y
v Z = Z CRAAON oy - HY ay
n K OV A = Yoy EA oY~ D2 p
a¥YDTX 700YT M t A 0 i o Wi N
s FLUAAN] ¢ (2020A A Avn MY 1lkg
mnnwA émV Y 1 nn 55& 360 mirY
mnt 0568 14.76 kwhy 4 K€ w, g ]
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0 Nt A YO> An “x- 7
Uz AvinYazZQTw WoOMA 0 MYd KW
F YTK | Ny 1 b H» | Q
et At E "~ JIBEYE KW O0WNA Y o
gw AD INK 3 H™ N§ 1Y 20207 B
6 tc T3 eV p n YO Ny YT el
K 125e ADWNYDb 2.5 35wl ~ A Ak
W 5kWw, 40.68 MHzA v Yvun 0 I & P
0 MUA & Yd 0 1hsy>d YBKE
- S, i
dAvnNs3A° x 2@ M t 10kw, 40.68 MHz
A & A AA OMm Yuwnéz, Y
W 30 W n "~ Yoye Vi A3 Lc1
X qwn M t 10KkW, 40.68 MHz B w
A 0 A L
t+y DN GCHA
(G)DN
ONYT 4 7 )YRuz 9 42% S
n Y 9 pL yaoy [ my SA]nz Y
V7 W | 9%5% V¢ vy y o (KOR)y
o (Al Cl 3y BRFR2 O) (NaxS03 506) =w
A€ I NN n€t YwWA) 6 y BHA (Butylated
Hydroxyanisolg) y1,1-3° -2t " (DPPHMeOHy

S VvV r 'y (Starch) := Sigma Chemicad @ (St. Louis,
MO,USAL o (KI) = & X3Ye@( XY )L
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3M™ Petrifim™ | ¢ gy 3M™ Ppetriflm™ ez
oy s'Ye L e @(USA)
()

10 KW, 40.68 MHz  n A v (EDC-10DY €
pnf  10KWY 40.68 MHX 220WW EMNQT3 T G

XYeQ@QYy )ymV (YK-112RS 0 z T GX
YeQYy MI Yy )y (Channel DCM45Y y )y =
n 1A (DC-600HY Delta¥Y y )y n YA
(GCBUTS20KHZ | 1'AxYe@Yy WK ¢ A
A (q W3Ie@Yy )YpCO m Yut K
nm %k (Firstek, 8402 Cc T3 e @Yy )y
(Eyela Oil Bath Ost2000Y Japany  f N1 <
(Testo 104IRY XYeQ@QY XI Yy yynm
(TIM-03Y G TGXYe@QYyYy Vv Xy
1 (Hunter L.A.B, Color Flex, Americay s 13 ¢ (HC2
AW, Rotronic Instruments Ltd, Switzerlapd) | (Sartoriu¥
e@Yy )y | (HDW-15LY T3 X Ye
Q) (RT-40v oxYe @Yy )y i (zZ300¢
HERMLEY Yy Qi & (TA.XT plus, Stable Micro System,
Surrey, UKy V PP ( 7:1 Yeée /b’  32cmx
11 cn¥ T GxYeQVYy )
() 0 W
1y A O MAF n

3-1t nA F N + 10kWY 40.68 MHZ A
A + 65cny t 45cny an M - a
100°CY M OFLGCDH Y4Y> L 90cm nT -
L no (0.5 1.0y 1.56 2.0kgy  (2x0.5
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2x1.0y 2x1.5€ 2x2.0 kgl 11" A ;0 X3¢

ni ("~ 32cny <1lcmy{y PN’ o}
(12~18 cmp A Y N tenf + ©5s

W — Z p z(Ampere, Ay n A A ol

t 2.2 Aé pf + 10 kWY q pA AXd

pf Y. e n t : Power output (kW) = (10/2.2) x

Ax(220/460)

I

/.h

3-1y 10kwW F N |
2y A O MAc € u z o
WnT - ; 9T A =Yé 60s
a t Ac NY'™HY < 0AXdTtc
5 | R o/ TN M 7 A
oY'n J]° @A 105°CA ;3T YWt e o
A Q YA M - Mnz TMMei

T o Fan z Moisture content (d.b.) = (WiVo)/Wq|, Z
MWt 1+ L tA 7 YWop - @ x Q|
3y il o

235



W o ® N €& M WA oY
1 x Y W, W A Y Z MA
A (KWh) = A tora X (220/1000) xVo x time (h),
(x ) 0 MA7 né
Iy Famz E ML u €
O > AY P KMz oY 59 7Y
O 10 5A M 3]7Y 4 tmmAT Y
y

q. Zmnz (W) ~Wri G OW 0 W

> ALYun O4mrrf ¢HrAY tuy
axd1]

2y K€

0N LYa a 6MONY P 2uEY
TR RV I ¢n° F L A 7 M L*y a¥ b*1)
eM - 10nvYaxdi1VYiw > LA =21 |

ZMLY &- b 2 (0)~©2 (100 a*1" dONn e (+)~
YT & 2+~ 2(-)

o~

3y n €

0 W LYk OWNUY™ "y~ pE &Yu
m Z 1Y | %Y, tYlh 9y 7 E
lvinQR W P Ol A 7 néY'Hvn
A £ AICKB50mm A {##sY® K ;A o
(Hardnessy - (FracturabilityY o+t EAY

v "H A Y <Ys +t =Yt
M A ~p AY A1Y <afo -
A 6 <L W td ,0QLN / QY -

1.2cny 0.7cny  0.4cn¥Y > = 1.5mm/y
= 1.00 mm/¥ L < 10.00 mm/¥ t 2.4
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cC2
S
=
_<

mmY 220grviain gyl
ed ;- ¢ 1001 YazZxd1}]
4 A aéz owuné

5 & (2013A A aCHAY LAD NY

Y OWMY A 25¢Fd50mLA 95% YW 1:20
P

AE 300W A & 5minY W 6000 rpm i 15
min LY 4 p P YW 95%¢ ~ 3 20
mg/mL, s Xuand Chang (200¥)a 2 mL 20 mg/mL -

a YFdY2mLA 0.2 mM DPPHMeOH o dn
LY % t T 30minY A + 517nmt (% ©
1Y' 9 DPPH t we nVYu® 20 mg/mLA BHA
Wy /E L

Scavenging DPPH free radicals @oJ(ABS control - ABS
sampld/ (ABS control) )X 100%
5 WNWQ3Me gy
° Wy p1 a Yéecq a 10g0 U
Yuf 9 90 mL ('l L 10M)C° 094 ~ d
YW ~ d d 1minYqaZzZo 1mL Y
L 3M&¥ wypoVY WU (Aerobic Count, ACY | N

37°C 418 H L ] (Yeast and Mold
Count, YMYi | 0 25°C 96 Hx» L !
6y «
On1 LadnMyvyoe MYy - M i
P YCA s W ° 1097 09b 02w N
1091901654 e Yy AN M « CHA-

« N (MOHWTO0001.04) (HPLC), B G1 Y 0.2
ug/ kg; B G2w Y 0.1 ug/ kd
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ytog o ot

0 N3 xYe @ onmnony r, ©
a4y WV'QUBSIRNAY  (ITSWm & |
(X) OVMA L+ uné
1y £
OQvomnm zR Y NO & n Avd
s (Mitcham et al, 2004) O MW EBH
371 106 20w Y 0t 176 27
2y n e (AV)
0 nA ¢ 8 CNS3647N6082N 1 1
A- n Y on1 L Ya 590 ny
F950mLg /g QYW n 1A a 10miry
a 10 mLpo YF g 23 Ty YW 0.01 N
o (KOH) *3 ns«( = 30s} _ en, Tt
Acid value (mg KOH/g) = () x N x F x 56.108/ W/
ZMat ¢ ; "H N 0 (ML)Y b+
EOS "H M 0 (mL)Y N + 0 M
=(N)YFt 0 ne Yywt -~ (g}
3y o ué (POV)
0 nMA 0 mnéq 8 CNS3656N6085N #
i A- o N ] o1 L Ya 5¢g
OVMYY 0O I ML 0"l & MFf 9 S
(VIV=3:2)30mLLY O YA & 20minYa 10mLp
LFY405mL € o Y= IminLYF

g 30 mL M, W 0.1NA NaaS0; 3 20 2

4YqFd05mL10%SDS 14 05mL1% [y Y
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Vv Y 4 NaS03 vV 2 yY
r t 2] o . en, tT:
POV (milliequivalent activity oxygen/kg) ={a) x N x F x
1000/W ZMat & -, (MmLYbt GE6S (mL)Y
Nt NaS0s [ =(N¥YFt NaS0 ne v
Wt ,° Q)L
r) . né
QWxd1 + ) ®Y Y'H N Vv i
Statistical Package for Social Science (SPSS, SPSS INC.
XVe@)120Q 1 P MEYW
o anf Uné (Duncands Mul YWwpl B® Range
£t U = Yoa @5 I A L
Xy M tA & OMnNwn
(C) A OmMn  vn
O 41 yNA a n’ 0 W (0.5
ly 1.5€ 2kg) pf A Yy w o 12 cm
F 3 18 cnv . €1 N F / EY®Y
A pf DA&T Yg¢T a €1 YN
py T | 2 kgé 1.5y 2kgln p
F . pf Yydn nj
4-2 1 T a 13 15€ 17cmt Y
1 kg O pPA 3 Mz 0.1y a
HY 1 oY unhn 14y 154 17 minY &
«/d 120, 0 43AnT y Y 0 ¥
UdY = A% c3®I%d <110Wp Yoy K
130 4 44ANA Q yY’ o} 131,
15 cmt Y OMnMNe OWMYzX n vy, 1
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17cm p L & u Z - Y 4-5"Hy Y
~ 18miny ®9Y < 136Ydwu v o, wL

M- L1y 46 A o} 17 cmt Y
T 1 kg 0 W 3 Mz 01Ywmn +t 17€&
18 minY T 1min
O 41 A a 17 cmt 1kgy m M
1 kg 0 Ny 5 + i 9 YR 0.9974
0.87X¥ ®dY A L | YZ 2 t 14 Y
Z t 2111 g/ miy ~mV v’ L
A 3B Y/ 041 b YoyZ
5+ 0.813 g/ mityY "HW A & mV 1 kg
OMA + wmnt 17 350 miy mnt 2.18
21.69 (kWh/ kgy OMY MA T mY
cC 26V Y 1 vV 95%Y VvV D 90%,
) A 0 MA, né
A0 A O MM z D 42%Y & 4-2
tw Moot A 0 nA N z
d 6.6% w LYqg?2 i A A 0 A Fu
z BMot 279% ~ A Yg PA il%

Anz / 369% Z JudN> NQ | Fnz
6%139 3%t YO MYy O A%s1p O 05513

%
035 OV 0 N 2 R Y WbeH 031 YA 0
Yn

a vy L O MYR N0 oYBOO' ||
2 L*a*b*An €y w 'H iNY
L- < L*d M) N = a* 2 = b*w d
c Yoy 0 N L A Fo

l Y. ( 470 O0m1 Lnony wyl°
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o~

TPA néyY o(Hardness) d w cY
oy LZ <d Mo < (Fracturability d
c Yoy LZ =d ¢ 20 mg/mL
DPPHAZ o 2dX 93%ioYdz8. Az o
2]

w v A L A Fo Ony
g EX%XM "I E 25 Y P 37F 10é 20
wY ' T 0t 1 T (Mitchametal, 2004Y u °
Oy 10 20 wa A é 0 0
(& 4-3)Y 10€ 20wy L ) (p<0.05)Y "1~ E

oy Qnt X1an 0 L
® 4-4+ W (aerobic count, AG) € a& (yeast

and mold count, YM)] oY iNY é LY
Ay € & da plcudsit «
6 MY MiY Q ~ 0Ny A
+ bMNdmMuyda p « L@y
OMomA Qv Yq EB Yv K
r NQ ne « A NYE cN7s A 71l
(t)
0 m Y A € LW
a 17cm P A 1 Y TmM A 26
VY 95967 0D 90% a
A HYA 1 oY o T O NY BN ]
ST A & 17 cmA t Y 1kgAd W ° 17
min 3 A i QY+ 930 1My L uw
1kg 17cm Jut P A +A LY D VA Fu

z 13 3%eHYMsfi1c30 03 KWV A 0
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=

Yyxtoa |4 YA &
A 0n° 103 20w LY A
dax oY ¥y EB tVY 0 NA
o, Y SN OMA 2ué¢ yY
L- < L*d M0 Nne = a* 2 = b*W w
cL TPA "~ né¢ yY A A
= oY o c | 20 mg/mL DPPH
Az o 2d° 93%wpY ypbd. Az o 2}
é LY OMNA 1N y € & da pvY
Pad plL Q yVY 0 N A T
CAAYz X1 ¢, ¢y ngn 2}
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~

(x) T @

@ 4-1y 10kW,40.68 MHZ n A uym\ 1 kg 0 nA
y A
. : . Energ
| 2
raétytg Llenqeuaallrtir(;ar R (Rga/tnz_lrnimconsum
( k Wh) /
RF y -21.208x -0.9t21. ! 17 2. 18
Caoilr y -6.813x + 0.8 0.8 350 21. 2¢
® 4-2y 10 kW, 40.68 MHZ N A O MA, uné

The data of hardness, fracturability, and DPPH were expressed as mean = S.D.
(n=10).

The others data were expressed as mean = S.D. (n=3).

ac Means with different superscript letters in the same row were significantly

ltem SD-Raw SD-RFR FR-RFD FR-RFDR
M.C. (%) 6.64+0.08 2.79+0.24 6.62+0.09 3.69+0.02
Aw 0.58+0.0G 0.31+0.02 0.56+0.0F 0.35+0.0P
L* 27.44+3.53 24.12+1.89 26.78+2.69 23.60+3.10)
Color a* 8.72+0.8& 11.17+1.13 5.82+0.88 5.92+1.19
b* 12.21+0.70 12.52+1.03 9.29+2.33 9.33+1.73
Hardness (N) 18.84+0.57 16.21+1.39 31.34+6.84 25.13+6.38
Fracturability (mm) 0.92+0.12 0.53+0.06 0.76x0.2F 0.36+0.06'
Scavenging DPPH (%)  94.92+0.22 93.72+0.13 94.72+0.24 94.89+0.27

different (p < 0.05).

Scavenging of 20 mg/mL DPPH free radicals in the control group (%):

93.84+0.08.

SD-Raw: Sun drying, Raw.

SD-RFR: Sun drying, Radio frequency roasting.

FR-RFD: Fresh raw, Radio frequency drying.
FR-RFDR: Fresh raw, Radio frequency drying & roasting.
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o

® 4-3y A 0 nA é 0 0
Peanuts stor at¢ 0 day 10 days 20 days
SD-Raw 0.153+0.006 0.157+0.000 0.155+0.001
Acid value FR-RFD 0.157+0.000 0.156+0.000 0.155+0.001
FR-RFDR 0.157+0.000 0.157+0.000 0.168+0.004
SD-Raw 0.598+0.037 0.602+0.004 0.571+0.002
Peroxide
FR-RFD 0.578+0.001 0.576+0.003 0.572+0.004
value
FR-RFDR 0.578+0.001 0.576+0.002 0.631+0.017
Data were expressed as mean = S.D. (n=3).
SD-Raw: Sun drying, Raw.
FR-RFD: Fresh raw, RF drying.
FRRFDR: Fresh raw, RF drying & RF
® 4-4y N° OonMnNo Ny 1n y ® é ‘
Sample AC (CFU/qg) YM (CFU/q) Aflatoxin
(B1, B2, G1 & G2)
FR 1.48x16 2.63x16 ND
SD-Raw ND ND ND
SD-RFR ND ND ND
FR-RFD ND ND ND
FR-RFDR ND ND ND

Data were expressed as mean = S.D. (n=3).
ND = not detected.
AC: aerobic count; YM: yeast and mold count.
SD-Raw: Sun drying, Raw.

SD-RFR: Sun drying, Radio frequency roasting.

FR-RFD: Fresh raw, Radio frequency drying.
FR-RFDR: Fresh raw, Radio frequency drying & roasting.
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(@)

(b)

(©)

4-3y
n A

o

071-08-2024

Hoia W 27.2°C

01-08-2024

ge33s O 26.1°C

01-08-2024

5 Hgs W 27.0°C

(@) 13 (b) 15 (c) 17 cm
1.0 kg OnNnm
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071-08-202Y
1:87:41

W 110.2°%C

01-08-2024

81634 m 115.9°C

01-08-2024
19:47: 09

t P 10 kW, 40.68 MHY
€) > YH) Ll



(b)

(€)

4-4y° (a) 13 (b) 15 (c) 17 cm t P 10 k,r 40.68 MHY

n A 1.0kg 0WMNodMmyUy

~
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47y N° (a) FR, (b) SBRaw, (c) SBRFR, (d) FRRFD & (e) FR
FR: Freshraw 0 M0 Nnyj
RFDRSDRaw: Sun drying, Raw.
SD-RFR: Sun drying, Radio frequency roasting.
FR-RFD: Fresh raw, Radio frequency drying.
FR-RFDR: Fresh raw, Radio frequency drying & roasting.
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A Y & 2kg OWMA €U 12cnv
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€Er N F / EY®OY A pf D ET |
¢ T o} €1 YN py T yd
a 13cnYgwm N7 0 MANA
Juj,
n’ A On A o} 13 cm t
A o &c © ( 5% 53Y Q 0.5 1y
1.5y 2 kg OMNYF 2mm <Kc3 120Y I
mz K 0.04~0.0] 6 MF 3 12070568 1kg
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13cmt é ey ® 0.3 kWh, 2 mifY T N 0.91

KWh, 50mirY 103 66.7% Y oy vV D 96%
n A X T YaYd®w ¥ 1kg 0 I
7 "0V A oY 1 O UA a >
Y oK’ O 5 ( 55Y pPMKX= 09
7 3 n Wi QLANGCQX 6 1kg 0 W
;Y 1 1Y W 3 6, 1 kg 0
n° 65cm ot 180, 1 W t 6.5
v A -+t 65cm/180¥% A > L 90cm
XN - Y P ;O el ® 5
2MY 335 Mi < 120Y B I Q) 1y 2
L6 . & R2 1kdg¥Ww 65cm/180s uyd g
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3) A O MA; €& Uné
® 53t w Ony L 1 2 6.6%0
M39 26W e OD 05t 13D 0.3v KA | 1YY
oy @ R 0 ] = Labunéy il LD U
Y- oL* MaYoyl*l T AN & M Moo
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o oY 0 1A FYA F
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(x )7 @

@ 51A 0N A Juyn~ é
Loading (kg) Roasting Gap Time Energy consumption
shelled peanuts condition (cm) (min) (kWh)/kg
1.0 HARF 13 2 0.35
1.5 HARF 13 2 0.30
15 HARF 14 4 0.49
2x1.0 HARF 13 3 0.33
2x1.5 HARF 13 4 0.37
2x1.5 HARF 14 4 0.34
1.0 Oven - 50 0.91

HARF: 100 hot air assisted radi o fre

@ 5-2y 0 n Az né
Items Commercial 120 C bRF131.5 bgfllg
MC (%) 2.43+0.02 2.59+0.08° 2.63+0.02® 2.79+0.20
Aw 0.28+0.0f 0.28+0.0%f 0.33+0.02 0.31+0.0%

L* 17.05+2.92 24.28+2.434 24.06+2.86 24.12+1.7%
Color a* 12.17+1.18 11.52+0.97% 9.44+1.05 11.17+1.09
b* 12.37+1.48 13.38+1.07 12.56+1.26 12.52+1.00
Hardness (N) 16.28+1.12 14.27+1.08 16.54+1.37 16.21+1.32

Fra((?m?)b”“y 0.57+0.16  0.44+0.05 0.53+0.03 0.53+0.06

Scavenging
DPPH free  93.53+0.283 92.37+0.18 93.67+0.07° 93.92+0.1%
radicals (%)

1. The Data of hardness, fracturabilépd DPPH were expressed as mean +
S.D. (n=10). The others data were expressed as mean + S.D. (n=3).

2. ac Means with different superscript letter in the same row were
significantly different (p < 0.05).

3. Scavenging of 20 mg/mL DPPH free radicals in the control group (%):
93.84+0.08.
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6)5-3)_/ l~)|7|A7 n ¢

Roasting Appearance Aroma Flavor Texture  Aftertaste  Overall

Commerci 6.93+1.28 6.41+1.66 6.89+1.38 6.88+1.48 6.71+1.56 6.91+1.1

al 02
Oven 6.63+1.6% 5.18+1.56 554+1.88 6.54+1.66 5.66+2.18 5.84+1.7
9b
bRF13 6.63+1.6% 554+1.6% 5.73+1.782 6.75+1.60 6.00+1.72 6.11+1.5
2x1.5 3P
1. Data were expressed as mean = S.D. (n=56).

2.

ab Means with different superscript letters in the same row were
significantly different (p < 0.05).
b-RF13-2x1.5: Batch radio frequency, Gap 13 cm, 2x1.5 Kkg.
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(d)

5-6y N1° (a) Raw, (b) Commercial, (c) Oven
O MNo Ny
b-RF13-2x1.5: Batch radio frequency, Gap 13 cm, 2x1.5 kg.
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A 2V Y z /t p>A5BdY]L M p MY F
Z y QC Y o t 1404.4 mg/100 g DW 2453.6 mg/100
g DWé& 1293.0 mg/100 g DW n + 2663.4 mg/100 g DW p
10 WA " | A Fz & p |1 A15NL N Nz
GABAY ~° 4068 60 pLYGABAUT F R 271.15
& 449.12 mg/100gDW 4 & 2,3, 4t 6 Az

1P Mdy ec [&®GCM TWA p Y
W pTWA GABAz O3 pA 2.63mg/l00 gc 3 42.39
mg/100y F W P TWAZ s Foria PpAC
\| (Kooetal, 2023), p AF L& ¢ "Hy (Kooetal,
2023)

OCYyN~ pr N MNosHQ A o

Germinationtime (h)  Total phenolic (mg/g) ~Total flavonoid (mg/g) Rutin(mg/g) GABA (mg/100g)

Raw 3.14+0.11°Y 1.49+0.04¢ 0.23:0,02° 2.63+0,03¢
24 302007 1.77+0.05" 0.24+0,06° 6.55£0.02°
48 311006 1.86£0.07° 026£0.09°  20.4240.14
72 3.3120.10° 1.99+0.04% 043:035°  42.39+0.45°

Values are means+SD of triplicate determinations. Mean values with different letters in a column are
significantly different by Duncan’s multiple range test (P<0.05).

(Koo et al, 2023)

I Buckwheat ssroat ]

1

Soakings

1

Germination

1

[ Germminated buckwheat sroat ]

1

IDrvimgs

!

Roastinsgs

1|

[ Germminated & roasted buckw heat tea ]

Cy p AF LI s (Koo et al, 2023)

Y 4% t H1leH Y L QW | M
2 5 & 85%T -t p Q30H» | pLY ° 50
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A M 18H» Lvin Q 0 ©200°C

T nn v yl5n é 21un | (Kooetal, 2023)
ORI 1 0 MMNovsnNQ A o
Rosating time Total phenolic content Total flavonoid content Rutin GABA (mg/100
(min) (mg/g) (mg/g) (mg/g) g)
0 3.16+0.06PY 1.76+0.03P 0.22+0.012 14.79+0.122
7 3.34+0.042 1.89+0.042 0.22+0.02° 13.64+0.15b
15 3.36+0.05° 1.69+0.04 0.21+0.01° 10.58+0.08¢
21 3.24+0.04P 1.00+£0.06°¢ 0.21+0.022 7.54+0.094
Dvalues are mean+SD of triplicate determinations. Values with different letters in a column are significantly
different by Duncan's multiple range test (P<0.05).

(Koo et al., 2023)

> P A Z 1.76 mg/lg £ 13 7 min
1 A 1.89 mgly LS 158 21 minn 1t 13 1696
1.00mgly .t <  Ya ~ TPt 1Y e
A (Koo et al, 2023) ¢ MY Y Z
FYT z T t 1 (Maetal,2020y I 1YZ2 o0 WNQ
b Q <Ac ~ wYoy é

z vy 1 (Maetal,2020) p M Fz O > A
0.22mg/gb t 13 LA 021mg/y ™ 1 N ] P

A GABA z > A 14.79 mg/100 gt 1 B3 21 1

1 A 7.54mg/100|gGABA z & (Tiansawangt al.,
2016)Y t 00 t g n 4'H
v p AWos»RQ Az |
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AN Eé At A( )Y~ A (radio frequency, RE)

AA nn 133 300 MHzIM €& 3003 30000 MHZIT

YL 9 A & Al YA $ Y noG
N, LIy y wnKvinAA t 13.567 27.124
40.68 MHXY "Av i A £ 9154 2450 MHZ 37 ' £ 1O
F YZF aqT A H A N721 YN, M R
nl m | AWRY ~ | 0

Y Y vV, B ¢ ¢ F (Marraetal, 2009),

X rays Visible MW
uv H IR RF
rays i I
L Frequency (HZ)
10 107 10" 10"3 10" 10° 107 10°

| | | | | | | | | | | | | | |

A0 3100 3x107 3X105. 3XI0P 3101 3x10 3x10°

Jy A L (Marra et al., 2009)

N F < A 30 7 A nbHz
é (Hsuet al, 2022; BermudeAguirre & Niemira, 2023y
(Zhou & Wang, 2019; Yen & Chen, 2022; Huagigal, 2022) * 3
T. 3 A WTA = Yo noOoLl A YW
V7 (Mao & Wang, 2021 (Jiao et al., 2016; Lian &

Chen, 2022 M (Wuetal., 2019) |

®8 (2023p 1 100 M t 5KkW, 40.68 MHzA
(HARF) p pOWMNYA Y9 10minv Kv 15kg p o W

ARz +t 33% 3 10%GT)Y1 T OmV ~ 14
hr My D Yd HARF XK€ B Vv 988%A: u V
9759 0 A Y q W HARF P p0NYT 45

€ 85minf YV KvOUM®dI <un B 105 155
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dtym N7 pon W5kWw M t A ’ a
12cmé 45 m Y M 5 Y1 &

. Drying curve Drying Estimate
Lo(id)lng linear regression R? rate time Iil?\?\/rrg)y
g equation (kg/mi  (min)

HARF 0.5 y=-0.048x +1.03 0.995 0.048 16.0 1.24
HARF 1.0 y=-0.065x +1.02 0.995 0.065 12.0 1.01
HARF 1.5 y=-0.077x +1.02 0.997 0.077 9.8 0.87

CA1.0 y=-0.002x-0.143 0.983 0.002 840 34.44

HARF: hot air assisted radio frequency drying, CA: cold air drying
Variables in a linear regression equation, x=time, y=weight.

Estimated time is the drying time required to reach 10% moisture content of
germinated peanuts.

v p J] Ygrp YU of o PA
F Y O 1 € ZX-€EA n 2,¢¢C
COlYné: ™ Af i o AYW?D ° ouA

NMLY o AMOB Y M p M 1

Cp AP eY A CRMN Y. t
Customer Relationship Managemént 4 /& ... Y CRM
N YKW=s ou , 4/ NE 4mY YAD by
P VO €& | Y ~ ftN2 u onmAWE . ¥

Pt Y " ¢v4zxhuy f HA CDP(CustomerData
Platform) 4 Xy KW'  "HX A | "HW CDP 72

n G SYA | ( CCQY 1+ 9 DMP
(Data Management Platforny) DMP| € TAPLY

CA T ¢CM 0 nty 0

t 360 =A 4 Y*3 P> oOFP P L
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yyuwnisAé |
n 1z Avyde ~ v ( )
XbHHQ Y~ QT (2023) Wb WU 10 A
t W QY O Q51 O Y. - 6an
F L | YEWY P T w €Y 3370 B'Q200
e Yaw: €ER 600e YWW T gT1W 7 A
El
Lin  W(2018AwnHR Y Y p M & 'Y
pr AA -~ YV (PAL)» A
Q é Q A vy Y A nAET |
AN F Y v - W é | WRyY o
V N Yv N, B ¢ ¢ F Yq |
M tR & 4yYKE 1 Yu B Al Q
(Chen et al., 202})
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tyDN GHA
(€) DN
I S0 W A Y 1,13 -2t
(DPPHMeOH)y BHA (butylated hydroxy anisolg) 2
n (ascorbicaci)c y r vy Ty vy oy
y o y y SDS y Ty > Sigma
Chemicale @ (St. Louis, MO, USA)|,
()
m v (YK-112RS© 2 T GXYe @QYy MI'Y
Y YA M (EDC-10DY € pf 5 kWY
40.68 MH 220 WY EWN3 XYe Q@YU Yy )y
(ChannelDCM4¥ mo X Ye QYY ). f N1 =

(Testo 104RY XYe@Y XI Yy )Wel
(Hunter L.A.B, Color Flex, Americg) a7 ¢ (HC2-AW,
Rotronic Instruments Ltd, Switzerla)yd | (HDW-15LY
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Y B YW A 120y, 1 6 O£ KR{ 1 0 40%
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M ' a0 100 cR 0y MM <! a
BOA o 0oYVZU o0 fwnén

=

o1 o
o <
o
)

[
<
~—" Q\ 81
I

) "HO 25 A %M 6h° © 50%Y q
D25 P 48h pY'usr Mz + 40%vim 45m
N 4 hwuy 2D YoyK ¢ é . Az Y
~v i 5kWY4068MHz M t A F N ° o}
13cmt Y1kg p° T 12minv Kv Bz
3 13~14%(y | Lvi M Y 40min
7 B 120Y~2 @A 3 10 minv 3
120, p ) cZ 17Yq , A
é Yz XMy H "H M n 2Yoy
F R L A 8 S 1 I ¢ w, Y
AY ; MF10Y Xt M
L

B)T &
® 41y P MWNQs1Dduuy DPPH=O A 2
Germination Total Total Scavenging GABA
time (h) polyphenols flavonoids DPPH (%) (mg/100q)
(eg GA (egg Qc

0 3.61+0.08 4.11+0.08 90.58+0.0% 46.12+4.18
12 3.42+0.06 4.12+0.08 84.26+0.160 30.45+1.1%
24 3.38+0.08 4.10+0.02 88.96+0.12 47.20+3.1%°
36 3.57+0.18 4.46+0.02 88.75+0.14 35.21+0.78
48 3.84+0.0% 4.80+0.08 88.73+0.08 33.07+0.7%

Data were expressed as mean + S.D. (n=3).

There was no significant difference between the same column (P<0.05).
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