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Abstract

‘We evaluated the distribution pattern of tannin in 164 sorghum breeding lines and the inhibition rates of amylase,
protease, and lipase in sorghum lines with different tannin concentrations. Tannin was existed in the testa of sorghum
grain. The tannin content in whole grain of Nampungchal sorghum was 11.54 mg/g, and that in grain (milling
rate 73%) and bran fractions was 4.57 mg/g and 28.71 mg/g, respectively. The inhibition rate of a-amylase, a
-glucosidase, and B-glucosidase in sorghum lines with tannin was higher than that in sorghum lines without tannin.
The inhibition rate of a-glucosidase was greater than 97% in sorghum lines with tannin. The inhibition rate of
protease ranged from 20% to 70% in the sorghum lines, showing no discernable trends in tannin content. Lipase
inhibition was either very low or not observed and did not seem to comrelate with tannin concentration.
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D, ANE 55 FAAdT FFNA Y B 27}
HUS o] 83 AF 2 1T o84S

cheFetA] Fatol
A7} o201 47] oY1, ThY F4EE
Al A BGEA olsle] 5
e o] 24 Fakn it Aol
ool ¥ AL S5 BIL o] 83 HF % 7
o AFH FF WL Aol 55 wFH ABEe
5

2 98 EAnE Agetna A

7
32
=

Alz I MAE

B ATl AHEE AlEe e vheFe WlolE =St
Ak A ERE wl S e JekS 2014 B EEFY
= 2ol Auiste] ket WS THES seed)2] 164
ASET FEETFTY 232 x5t AMSHITE
o TA Y edy FEEHE T EXE A
Y8l FEEFFY = 8(65%, 3%, 83%, 2%, )<

=

gelele] gl FS ARk Bl S e 23
489 1eE 2AY] e GERFSRE 922
dto] 16471% 5 ¥ g e Ak 157159 252
ez FFach Aldel AHEE RE AIRE ball

=
mill(MM400, Retsch GmbH, Haan, Germany) & -4} 5}<]
Arg1.

Etdnt SEa2|H= S

9648:2009, ©]3} KSH)(12)2.2 =433 th A1 &S 75%
dimethylformamide 2 FZ3 5 4-& AM8-3to] NH;€
2 ammonium iron(Ill) citrate &N 0 2 WM 3lo] FFE A
7]1(SPECTRO Star Nano BMG Labtech, Ortenberg, Germany)
2 525 nmel|A FFEE ST olof e thxT=
TAMNE dRE SAE PX] @ 2o WSAIA 4

=] T
Belgium) & AH83te] B A48 EEIA /)25
o st

FZevs T £241& Folin-Denis W (13)°] 713}
o F3E47] 760 il M FRES SH S SHE
FREE BdiS o8t g R AT ZEIAc

o] 23tF A0 MR = FEFS dolH A}
ZF 22 AR 0.5 goll 80% methanol 10 mLE 3 715t

shaking incubatorel 4] 1A]7F &<t X&) (150 rpm) &
% QAE2](3,500 tpm, 10 min)3le] A& A5 S o] 59
AR ARGt vhd e R AdE ¢4 157
T 272 G Eere 29 dnlE o] & g

7}5-3)] & Ax(a-amylase, a-glucosidase, [-glucosidase)<}

==

AL AR §d e Hs5A 243 Aezow
Agtsl= 529 polyvinylpyrrolidone(PVP)S # 2] 3lo] &
UE ¥ &3 s 240 AAR 39 A& SHT
A

a-Amylase &4

QuantiChrom a-Amylase Assay Kit(Bioassay systems,
USA)E A}&381o] g-amylase®] #1882 ZAFEISITE A&
10 Lol 71489 170 1L, 575 10 pL, & 489 (Sigma
porcine pancreas a-amylase 0.1 mg/mL) 10 LS &%}5}<]
37CoA] 5% B3t ¥vH-S-A]7] 2L stop reagent 80 LS 2
e & PA1E2]7](Microl 7R, Hanil science industrial Co.,
Ltd., Inchun, Korea)°ll 4] 14,000 rpm .2 557+ A4 #-2]&}
3 71 NS FHeA 595 nmoll A FHEE S sk
z27e AR o2l S/FFE Yol vHEAIZ AL, PVP| 9
& ZagA e I 5E2 BY] fldiAe 2% PVP &9 <=
o A7hg vk o2 S ity B4 Al &(%)<
x=T7e] 3% gk Al5e F3Ee HESE YERY

Inhibition activity(%)=[1-(sample OD/control OD)]*100

a-Glucosidase 2 B-Glucosidase &4

a-glucosidase®l] that A3 €2 QuantiChrom a-Glucosidase
Assay Kit(Bioassay systems, CA, USA)E Al-83lo] ZALS}
Aot 74 A 59 ®§489(Sigma a-glucosidase from
Saccharomyces cerevisiae) 3 A ZAF2] working reagentE
E3ate] 405 nmol|A B EE A S48 1(t0), 2034
T 3 o SASIATHR0). ZF Al Al S(%)S 208k
o A t0gk= &A% U5 tlZ19] 120108k thet B E&
2 At 3 Bglucosidased] #1882 1517 3l
1 & QuantiChrom {-glucosidase Assay KitE AF&-3}%1 2
™, 48 (Sigma B-glucosidase from almonds)3} 7] 2 -2
delate] oA 715 e a-glucosidased} PH7EA 9] WA o
=2 %53k

Protease &4

Folin-Ciocalteu™3 (14)2 -&-8&-3to] F3h3ich. A= of
3lo] §42-8-9(Sigma bovin pancreas protease), 14} buffer
(pH 7.5) 2 714 -8 (casein)= ko] 37Col| A vEg-gH



5% tricholoroacetic acid &S A 2]3}3 1, YA £
23582 phenol A|2Fo 2 HAIBlo] 620 nmoﬂ/ﬂ e
2

sk

il -101' -101'

Lipase &4

Bier®] H]AH(15)& $-&3te] FGth 7 A5
lipase(Sigma lipase from porcine pancreas) &5 &35}
dd & 7)2 8N (p—mtrophenol acetate) = &313sle] 37°C
A HESAIZ]L 5 400 nmollA| FF=E S5

Sk A M us
Fr] 2slaso 4 Az} ghde 93 J A

2A57] 9lal |t ele] B2, 5, 10, 50, 2 100
IME el 571 Eael B4 WsE ARad.

SAHEN

28 A3} = SAS program(version 9.2, SAS Inst., Inc.,
Gray, NC, USA)< ©] &3t EAHEA(ANOVA)S AAls}
o] fre]deo] U&= A 2lol tte] Duncan’s multiple range
test® A3t YA Aol S A 6HA TH(p<0.05).
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7 FEYuE TS AR SN 23S Bl
A = Eo] Holdgs Yo 512&1 A 3% =7 &0

A M Al ek, 5 Az 24el shilst el

(Table 1)& E4 5 oFA] & ZFoA 22} 1 154 mg/g,

14.73 mg/g°| ) L, 65 g

5.32 mg/ge &2 At A =33 E?ﬁ?‘f& 74«1 EMJJr
&l

RN
A
o &
:

(o]

2
2
X
i
Jﬁ 4
_I

N
8
=4
é'%

%%‘9. , 3] 73% =& A edy} %%a,q]la ‘GE]-%I:
2 2871 mg/g, 27.58 mg/gC- = 7P BAdthrl 65% =7 &
Aol A& 2638 mg/g, 2539 mg/g .= Fo|F T} ©]& Earp
7} Rooney (16)°] FZejsllEn vhde] 227} #u 9} vl
Atole] FI 5 Aol EEIITHE Halsh dA st
& LeeSt Lee®] HaU(13) 5 Th2 2184 4F57} HlasjA
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Table 1. Tannin and total polyphenol contents in ‘Nampungchal’
sorghum extract according to the seed milling ratio

- . Tannin Total polyphenol

Milling ratio (mgly) (mgjg)

100%  Whole grain 11.54+0.1" 14.73£0.63°

milled grain 9.67:025" 13.62£132'

2% ; ;

bran 20.93£0.14 2026+0.48

3 milled grain 9.04:+0.74¢ 13.03+0.44¢

’ bran 23254064 2514060°

30 milled grain 4.57+0.09" 8.06£0.23"

’ bran 28.7140.59° 27.58+0.63°

milled grain 2.06+0.04 5.3240.66'

65% A ,

bran 26.38:1.19 25.39<1.11

"Means with different small letters in the same column are significantly (p<0.05)
by Duncan’s multiple range test.

Fig. 1. Grain and powder color of grain and bran according to seed milling ratio of ‘Nampungchal’ sorghum.
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ehd ghere] gk flal S mel ol T4

d e B4 2IFig. 2), 1647159
71 B2 AlgEe] $Xdl=
d AL Hosts AR}
A 4= 219t MaxsonZ} Rooney(18)2]
5] e EAEE 4 S| vhd e EA
o we} 0.0039%~105% #tol7}F dvkar Hasielom, E5
48 ghdato g Alg3 AOAC Folin-Denis'H ¥ Snee
Extraction plus Folin-Denis £ %% <4 0.0039~1.65% %
Y2 HaEo] B Aol wujFr) JuhS KSHo R B4
g ehd &k WM 90~1.77%) ¢ vl <=8ttt

70 r

63
60 -
50
a8 37
a0
30
13 13
20
ND <5

5~10 10~15 £15

No. of line

Tannin cantent (mg/g)

Fig. 2. Distribution of tannin contents in 164 sorghum lines.

astEs 2 A

g Bhd ghefo] Agtg Aol nA e P dolEa
2L Wl S 164 AE T wd SR Ak
1541 %(Table 2)2] A& FE2E3} EFEFOE G525
9} )2 38 du|E o] gl B Rl aAE

(a-amylase, a-glucosidase, 3-glucosidase)e] #|3l-&3} PVP
£ Agg o 34 i gasl] Ades =
A7 v WS TH(Table 3).

A 7R 4 5 a-amylase A& Ehdo] AE
SA] ¢F& SL 34152 SL 194184 217} 12.18%, 16.84%
2 ugront, ghdo] AEE ABEol T 52.68%~84.94%
2 =t 59 g9 Aote ¥4 e B4R dEila
-glucosidase A3l &2 o] I8 AlZENA 97.64~
991%= Tdo] gle ATEI FoAQl Aol & Bt
A dH| 2 o] &d An|(FAH) FE=9 Frdde a
-glucosidase A3l 7} UERFA] ¢E9kt). B-glucosidase S
10~30%2] A&ll-&2 Ko a-amylase®} a-glucosidase©l] B &}
A v gehdoly sleA 24 Adete BER
de1zl PVPE A2 e 25 e '©d AlFsolA 34
Tl Ease] Adlg&o] Yolxlt 53] a-glucosidase
o] A% FEETTE HIEE 47°8(SL 152, SL 94, SL

135, SL 36)> &4Jo] &13d] 3]5E o] ghdo|u sHE4
Edo| &gl gk v|HS & & Ao, ghd ol
=2 7A%(SL 63, SL 17, SL85, SL 160, SL 81, SL 1, SL
70)9] a-glucosidase &7g¢] 3| 5EZ1 o} 60% ©] /<]
Al &g Hol gd o9 EFE &gl TS &
T AU

Table 2. Tannin content in 15 sorghum lines selected from 164
sorghum lines

Source Sorghum line Tannin (mg/g)
Control variety Nampungchal 11.540,19%
Non-tannin SL3 ND”
lines SL 19 ND
SL 152 3.5140.15¢
SL 119 439045
SL 94 6.56+0.09
SL 140 6.7540.15'
SL 135 8.0420.45"
SL 36 8.4740.15
Tanmin SL 63 0.14£055'
CS
SL 17 9.14+0.30'
SL 85 10.780.70¢
SL 160 12.95+0.50¢
SL 81 15.00£0.15°
SL 1 15.93£045°
SL 70 15.97£0.09"

"Means with different small letters in the same column are significantly (p<0.05)
by Duncan’s multiple range test.
PNot detected.

9ol Aot AERY B2 e 2 F oA Bde
EA7E 2stE A DA G mIFTA g Ha(14)9
ehd o] Z7]+= protein-tannin interactionol] 2|34 43} 7]
= @7 e FEY Astes Wolmyths Ei1(19)
o} FAFSIE Park 52 Fa2T FEES AF AL
A7¥ete] A o] Hgo] SF3 tiatel oA Qe
d e A 2 g 33E eItk sk
THS). Juntheikki®} Ritta(20)= B-glucosidase 2} tannin®] -
A EadAol= F IS FAIE etk Haslsl
o} X3 B-glucosidase= BHd A743stel #FHA Qe &4
2= Bz o] vwd 9 geke e o= A7ty

o

Gzl vd 350 7 5AlEY FEES U
2 ol B35 § Ax(protease) 9t A H3f & Ax(lipase) 2
&2 =73t A3 (Table 4), protease2] A3l &2 Ehd
oA non-8d AlE=0] vls] Hvkdom =7 e
w, 9] Bhd skl 23 3A)7) §lith o=

>
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Table 3. Inhibition rates of starch hydrolyzing enzymes in sorghum lines different tannin concentration

Inhibition rate (%)

Sorghum lines a-amylase a-glucosidase B-glucosidase
VP! +PVP? -PVP +PVP -PVP +PVP
. (?\?aﬁ%lﬁnngcvﬂa;i) 72.76" 447 99.87" R 3687 25.14"
ontro)
Rice 520 - - - 5418 423
(Saechucheong)
Nonamin lincs SL 3 12.18 12.54' 57.64° 874" 12.91f 117"
SL 19 16.84° 19.71° 35.70° 2518 1321° 1220
SL 152 52.68 645 97.64" - 13.86' 9.2
SL 119 75.26¢ 1541° 99.49* 50.74° 3345 26.12"
SL 94 8207 896" 99.43" - 2671 20.15°
SL 140 65.23 2437 99.09" 65.04% 26,83 15.34%
SL 135 79.92% 645" 99.91° - 2343° 13.56%
SL 36 8243 1397 99.34" - 26.98° 16.61°
Tannin lines SL 63 75.26° 2043° 99.86° 7430° 21.99° 14.80°
SL 17 7240" 6.09 99.34" 67.29° 31.89° 2411
SL 85 81.00 9.67¢ 99.49° 60.80° 26,83 15.63%
SL 160 7957° 16.12° 99.57° 78.12° 39.54° 2411
SL 81 79.57° 465 99.32° 74.76" 202 7.80/
SL 1 7.7 27.24° 9937° 84.96" 2831 488
SL 70 84.94° 7.88" 99.52° 7701° 36.14° 19.18°

YPVP, No polyvinylpyrrolidone pretreatment.
24+PVP, 2% polyvinylpyrrolidone pretreatment.

IMeans with different small letters in the same column are significantly (p<0.05) by Duncan’s multiple range test.

9. No inhibition.
27y Al 'de] 24 zto] 5 tE RS 544
o3l Aolgle X 11(14,22)7F

Lipase #]3ll&-2 20% ©|st= A8l 7} dojubx] &7t
- o} = AlFE7E] lipase Aafl&2] frelde] $1Sl
ol thB| = o] &H An|(FAH]) FEE] 770l = protease
9} lipaseol] thgh Aaf&o] wi-- S3keh

Lipase®| 7-¢- € 79| A3 7} Yepdth= H11(23,24)
oF YEhA] eF=the Ba1(14,25)7F URATH Lee 9t Lee(13,
)= TH=7E S ST/ SdS ke A AE
of ok BakE XA, ©] T 23} ARV} ccamylase
9} protease ZJS A8k, lipase TS SVMAH L, =
I} AR PVPE A& Al a-amylase 3 protease©] T3k
Zido] 3] E5E Qo lipase A= FFa FA FUTH
Hystich w3k sy 229 Astaao] Aaate-
< BAA A7t obd 74 Asl = B4 A&l
ot Aoz FEHEvy I AEE B3 H3v4).
Al-Mamary 5(23)2 555 AFRRE HQl 559 &% AF
ol A AFH R 2x8kEoll A a-amylase, trypsin 3 lipase] 27
o] A= A1L, a-amylaseol] gk A|sfdo] 7H 23

o

Lo ¢

trypsin, lipase <£2 % FIFa T A2 HIusith

T AsE T wd o] =& SL 13 SL 709
AE B R EAEY AE Bk Aee
=3 9 Fegio AdES vol, o5 AEES
tFo = gitolut ghdie] tigh 714l A He
&

T 2 asta Lol gk Asido] ghde ok gk
AAE Lol 7] 93l ghdAH(tannic acid) &4 2] F%(0,
5, 10, 50, % 100 iM)E E2J8te] 5714 &8k Ao IR
AL 2AALHFE 3. I ok Zoldel wje
FAVM R &4 a-amylase, o-glucosidase 2 B
-glucosidase 2] S = 748t 2H, 53] a-glucosidase”}
5 1Me] W2 Bt Feoll e vl w2 S By,
50 1M o) A8 Al ¢xds] AgE Itk e o ghdAt
o PVPE 7} Aol 100% ©l/de] &4 355 1ol o
-glucosidase &2 SolH o2 ghdite] ks A whe
Ao 2 YEIT] a-amylase®] 7% v a2 A vl el ehd it
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Fig. 3. Effect of different tannic acid concentrations on the main digestive enzymes.

—@—, -PVP, No polyvinylpyrrolidone pretreatment.
---[J--, +PVP, 2% polyvinylpyrrolidone pretreatment.

o 93 A &L v Flol wel MAs] E4do]
AafEl= FdS EATh B-glucosidasee] Aol a
-glucosidase <} 2] Z A3l 7} ojupA] ekal ket A3
S o™ 100 M 5% A& A 7HA] o= 70% the]
FAS X5+t Protease] 7330l = A5 ol A 5
T 7\1011*3‘ Hol7] AlZtete] 50 1M o] el F= A&
Al 30% the] @& SRS A8kl on, PVP HULE

e 249 A2} 2 B o Bl
]L T U] ghd nk ohe} ofe] FFe] =4l &3t
2% Adleher] W AL ol Ao Bz
(26), 2 AFA s gdite] &glE Ao 53] o
-glucosidase ] A3l #AP= HAth o= &% o
59} NS BHOR e 4EF Y] Law An
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Table 4. Inhibition rates of protease and lipase in sorghum lines
of different tannin concentration

Inhibition rate (%)
Sorghum lines Protease Lipase
PVPY  4PVPY  PVP +PVP

Sorghum var. ef3) 4) i
(Nampunghal) 51.94 : - 043
Control )

(Saecﬁgﬁeong) 164 4955 542 597
Non-tanmin L 3 213 332 118 1475
lines SL 19 448" 3836 1757 1291
SL 152 6074 2433 521 1334
SL 119 7090°  34.03* - 5.10%

SL 94 7328 29.55¢ 19.63 078

SL 140 47618 1552 471 1627

SL 135 64.18%  18.36% - 16.70°

SL 36 70.15° 1104 510 16.16°
Tlalﬂl;sm SL 63 5657 1731 043 7.59¢
SL 17 60009  33.88" - 358"

SL 85 40300 2493 15.62 3145°

SL 160 5642% 1164 19.63 10.63*
SL 81 5134 8.06' - 4.99%

SL 1 28.36" - 16.16 2625
SL 70 6567  20.84F - 2.82¢

YPVP, No polyvinylpyrrolidone pretreatment.

24PVP, 2% polyvinylpyrrolidone pretreatment.

IMeans with different small letters in the same column are significantly (p<0.03)
by Duncan’s multiple range test.

9. No inhibition.

2 o
¥ ATE S5 ABE B F 28Ek AdE
& 2Ael FF 5 FERYT Fo o184 FIL

Atole] F3| Fof ghdo] —E—E?};k,% o = aloiu} T3S
SFA] @k ZFoA whd ek 11.54 mg/go191 , 73%
LA e A AdA 27 457 mg/gFt 28.71 mg/g_cli
7V =4 veRTrt 65% =83 S AlA 206 me/g
7} 26.38 m gog Z=9lth.

FF F2E O dEHE 155S Yo R A3taEAs
h=]

S AR A3 ghido] 3 AlGE0lA 'hdo] gl
= AlFEe vl AR &40 aamylase, a
-glucosidase, B-glucosidase A3l-&°] =4 YElgt} &3]

a-glucosidase] A3l&2 2E Thd AlEo|A 97% ©]7F
& 08 &3tg4s] Hg) ulf- SolFeRw e A Hgvg
Bt
Protease®] #&]&2 &Fd Al 5S|4 non-&F
of vlg] MRkH oz =4 YEltt Lipase A OH§1_ 20%
otz Aell7} dojubA] et vl o} = Al 557t
lipase A3ll&2] freoldeol gl

d AsE

2ol 2

3 PJ010504052016)
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