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Effect of tannin content in sorghum on digestive enzymes
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Department Crops Breeding, Gyeongsangbuk-do Agricultural Research and Extension Services, Daegu 41404, Korea

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 correlate with tannin concentration.

Key words : sorghum, tannin, a-amylase, lipase, protease
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2 ATl AHRE A BE e T volE =
A A ST WS S 20149 A EEE
A EAg Afulste] G2het Wl THE4 seed)] 1
FEH FFETTY 23S Axste] AR T
TA W Bdy FEesE FEY £EE A
HEETT] B E65%, 73%, 83%, N2%, )<
of Bhd ke AR Bd ko] M 4}
BAES RS ZANY] YoM e FEETTE xR
sto] 164415 5 Bd dd 2 Add 15459 23S
ggoz St Alde AMEE ZE AJEE ball
mill(MM400, Retsch GmbH, Haan, Germany)Z. -2} 5}
A3

==

ph do 10 b omy

2]
IS

i ol

o] wd gheke] FAL A T H(KS H ISO
9648:2009, ©]3} KSH)(12)o.2 =34t A 8BS 75%
dimethylformamide 2 5% 3t %5943 A}-&-3to] NH;&
2 ammonium iron(Il) citrate &< © 2 WrAlslo] FFEA
7](SPECTRO Star Nano BMG Labtech, Ortenberg, Germany)
2 525 imol|A] FFEE S5tk old e 27+

FANE d §US 9 e ZAOR WEAA 27
BTk KSHE ol83to] 29 FRwE B M(sigma
Belgum)& A-&3le] ERM R A BERHe| 7)5s

o] gkt
ZZo)¥= 3 BA42 Folin-Denis WH(13)0] 7|58

o] &glg o A& PSS Lol A},
7 Bk A2 0.5 go 80% methanol 10 mLE 3 7}38lo]

shaking incubatorol| ] 1A%t &<t Z1&al K(150 rpm) &
T 423,500 pm, 10 min)ste] A& 5 S o] £
Fol ARgetTh B e R AdE 5 157
% 2T FEETT Y dnlE o] &sto] G
3] &4 (a-amylase, a-glucosidase, B-glucosidase)<}
A 28l Al (protease) B A1 £l F 2x(lipase)©] A3
ZAFeISIH, ol & AstEie] A& ehdate]
= ARt Bhd B HsA B4 dgdes
sk 522l polyvinylpyrrolidone(PVP) S ] 2]&ke] &k

& Hsd Bdo] AA" T Adles S

offt Mz
>,

oo o o ox o T )y Hox

mx (Ol feomo pfb N

a-Amylase &4

QuantiChrom a-Amylase Assay Kit(Bioassay systems,
USA)E AH8-8te] a-amylase®] A3l &S ZASIALE A8
10 pLell 7128 170 uL, S7< 10 pL, &2~-8-2(Sigma
porcine pancreas a-amylase 0.1 mg/mL) 10 pLE &3}35}<]
37Coll A 55 F<F ¥H-8-A]7] 1L stop reagent 80 ILS ¥
e T AAE2]7](Microl7R, Hanil science industrial Co.,
Ltd., Inchun, Korea)oll 4] 14,000 rpm & 5837+ 44 ¥-2) &}
I 2 ATEYE sl 595 nmel A FEEE S48kt
H2TF= AR t4l SR5E Yol ¥-8AIZ A, PVPY ¢
gt BAE ] sl &g B fsiAE 2% PVP &9
o H7kek vk o w Sty a4 Al &(%)>
2=To] 3= e AR S35 WEEE Ueh)

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

a-Glucosidase 2 B-Glucosidase &d

a-glucosidase®l] T$+ A 3)l-&-2 QuantiChrom a-Glucosidase
Assay Kit(Bioassay systems, CA, USA)E Al-&-3lo] ZALS
gt 74 A8e §489(Sigma  a-glucosidase  from
Saccharomyces cerevisiae) % A ZA+2] working reagentE
Egste] 405 nmollM FHES SA] S L(0), 202
T 3 o] S aAThR0). 7 AR A8 (%) 203k
oA 107k 27 vk 279 200zt ek s
2 AeAT) T3 Bglucosidase?] A8l &S 3171 93]
1= QuantiChrom {-glucosidase Assay KitE AF8-31512
o, &8 (Sigma B-glucosidase from almonds)@} 712 &
ge]ste] kA 7]1E3 a-glucosidaseet PHE7EA] 9] ¥F2A] O
= A5kt

Protease &4

Folin-Ciocalteu™# (14) & -8-8-3t] T8 a}3ith. Al gl o]
SFo] ® A-8-9(Sigma bovin pancreas protease), <14} buffer
(pH 7.5) 2 7138 &Y (casein)= &3 ste] 37Col|A] wh-g-F



5% tricholoroacetic acid &< 2|3l 1, YA £
73 eN-S phenol A Fo 2 WAIEte] 620 nmol|A] &3

=350,

m\m —lov —101‘

Lipase &4
Biere] WA (15)% S83te] ALt 2
hpase(Slgma lipase from porcine pancreas) 8- &35}<]
of|d 3 7]2 -8 (p-nitrophenol acetate)S E3ta}

X A7) g 400 nmell ] ERES 23 a8c)
EtHM SEH 5tF4 8M e
Gee] 2shrae] @4 Adl7h ol g 93
ZAFE] 93] gdAk 99 F(0, 5, 10, 50, 2 100
WDE Pelete] 57 Eae] B4 WEE PESGT.
S

A& A7} SAS program(version 9.2, SAS Inst., Inc.,
Gray, NC, USA)= o] &3] TAREA(ANOVA)= AA]8)
o] fre]do] & A z2lol|l tste] Duncan’s multiple range
testZ AlEZte] §94 zolE 4519 th(p<0.05).

20 o o

2lElE 24
A U el Ze)v s Bxs) c} S %
AR 91l ‘é%‘ g il FAo mE =g ed
£ o] Z7te] 59 %ﬂ Ris
% AP AN =5 Wol
F= oo As 73% =&l
A 7V Z8HA| UrE‘rUr T Aae T Pl F39F
of A AT AUk
G Erre 2 & e vdy FEE %

Whole grain

A23@ A53 (2016)
(Table 1) =4 & kA ¥ T4 ZH2} 11.54 mg/g,
1473 mg/ge| 2111, 65% =4 & T M= 242t 2.06 melg,
532 mg/gC 2 ATk A 2a5E = A @
FEe e TS 33 vlEl 242 2u) o], 154 o]
=%on, 53] 13% =g Ao el FEeuE
2 2871 mg/g, 27.58 mg/g O 2 7} Bokthrt 65% =% g
Ao M & 2638 mgfg, 25.39 mg/g©-%. o] Ht}. o] Earp
7} Rooney (16)9] FZe]sza} wide] Bx7} 739} v
Atole] FH] 5 Mo Bxgrhs Buet ek =
s Lae&‘r Lee] H31(13) & UE A&7 4552 vlasiA
naelA %39 wd®o] FEE gt B
L],E].\,]._‘:_ ENS Holx A3} v]$=3l9th Mabelebele S
17N 9 FEYHsH S99 dd 2 Psks
(antioxidant activity)°] = FH#HAAE vk sttt o]

‘_

EZNJQH 9% ol g o nT} B gue gad
% 7o) vlo] oul 2 ALE o] §3 3 B 5 1%

*é 22 NEre] 7HedE

Hol F3Aoh

Table 1. Tannin and total polyphenol contents in ‘Nampungchal’
sorghum extract according to the seed milling ratio

Milling ratio ’{;1;/1;1)1 Total (r%(éll)g))henol
100%  Whole grain 11.54+0.1% 14.73+0.6%
o milled grain 9.67ir0.25fd 13.62i1.32:

bran 20.93£0.14 2026048

- milled grain 9040748 13.030.44¢
bran 2325+0.64° 22.51+0.60°

milled grain 4.5740.09" 8.06+0.23"

% bran 28.7140.59" 27.58+0.63"
milled grain 2.06+0.04 5.32+0.66

&% bran 26.38+1.19° 25.30+1.11°

"Means with different small letters in the same column are significantly (p<0.03)
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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kel g s dall §48 wul ol R ThEe
kRS B493 2 yb(Fig. 2), 1644159
d S 5~10 mg/gell A 7MY B Al Sol EXEshe
AEEE Yeho] gl g2 Fodste At
< S & 4 JAth Maxson¥ Rooney(18)2]
557 e EAEE 4 T whd e B
o me} 00039%~10.5% #tol7} lvkar Bastelon, F5
EAS ghdsto 2 A8 AOAC Folin-Denis'H ¥} Snee
Extraction plus Folin-Denis &2 %H oA 0.0039~1.65%
2 BauFo] & Ao a3 FoS KSHoZ 4
g ehd gHF 1 910~1.77%) ¢ Bl ssksith

7w

63
6{, -
50
38 a7
"-I'G —
30
13 13
W -
ND <5

5710 10715 £15

Ma. of line

Tannin content (mg/qg)

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

AstEA Y X

9] 'hd o] 23l E Ao nXE IS LolH
2wl T 164 AlE F wd dapd e A 5
157 %(Table 2)°] A& FE2EY} RTFTOE G525
Fo} g2 A8 dn)E o] gole] BT R EAE

b
0z

£ A3 o3 4 st Ease] Asles AR
A3} 8] w3 tH(Table 3).

FA 7R S F aamylase A &L whdo] &
54| @& SL 37152 SL 19415 ¢llA 217} 12.18%, 16.84%
2 oot ghdo] AEH ABEolAE 52.68%~84.94%
2 =it 596 89 Aotet ¥ e B4R dEil a
-glucosidase A3l &2 &do] d-FH AFEolA 97.64~
99.91% = do] fle Aesd FA4 AolE Eth
gt diH| 2 o] &H dAn|FAY) FEEY F e a
-glucosidase A3l 7} YEPA] 2SkTh B-glucosidase 2
10~30%2] Aafl&-S Kol g-amylase} a-glucosidase©l] B3l
A e ghdolu Bl BR S ddele R
421zl PVPE A3t 4% RE vhd AFEeA 2
kit s AdlEo] WolAnt 53] a-glucosidase
o] A FFETTE HIES 4718(SL 152, SL 94, SL

135, SL 36)2> /0] ¢H43d] 3] &5H o] ghdo|u} 754
E4o] &gl gk vHES & = Ao}, ghd gl
=2 7A%(SL 63, SL 17, SL85, SL 160, SL 81, SL 1, SL
70)¢] a-glucosidase €73 o] 3|5=71 o} 60% ©]3<]
Al &g Hol ¥hd o]ele] AT &gl #AZS &
T AUk

=k
bl

<

T

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 35140.15¢
SL 119 439045
SL 94 6.560.09'
SL 140 6.75+0.15'
SL 135 8.041045"
SL 36 84740.15°
Tammin SL 63 0.142055'
SL 17 9.142030'
SL 85 10.78£0.70°
SL 160 12.95+0.50°
SL 81 15.00:0.15°
SL 1 15.93+0.45°
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.
Not detected.

Qo] Arps &R B T 2 Fd gloA] ghde]
EATE 2584 Ao S PRItk & Ha(14)%
Ehd o] #2) = protein-tannin interaction®l] 2|34 43} 7]
T2 @7 o] FEO A3kES "ol ke Ba(19)
o} ARSI Park 52 Fa 355 FE2ES A3 AR
ZA7ksted A7 Fe] H-8o] ST Al SlolA Qe
2 o] 3t 2 gy 392 JehQitka B asls]
th(5). Juntheikki$} Ritta(20)+= B-glucosidase$} tannin®] &
FA7E Eadodle 2 dFE FAE deria Haslsl
o} HE3F Bglucosidase= B A 7&kel #AA e &4
Zhs Bzt slo] vlwd B 9Es B 30R A7

o {8

FEdrre vhd g o 154189 FEES U
o7 oA B3| § Ax(protease) 9t A A &l & Ax(lipase) 2]
&S =43 A3K(Table 4), protease] #3f&-& ghd
AZE=NA non-8d A5l Bls] AHd o= =7 e
wot, o] vhd e A IAI7) gt o=
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A23d A55 (2016)

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

Inhibition rate (%)

Sorghum lines a-amylase a-glucosidase B-glucosidase
-pvp” +PVP? -PVP +PVP -PVP +PVP
&‘;fl}l‘)‘l‘;l“gcﬁ) 7276 447" 987" A 36.87" 25.14"
Control "
ce m g k
(Saechucheong) 522 . . 541 423
. - SL 3 12.18 1254 57.64° 874" 1291 11"
on-tannin cS .
SL 19 16.84° 19.71° 35.70° 2518 1321f 1220
SL 152 5268 645 97.64' - 13.86' 92
SL 119 75.26% 1541° 99.49° 50.74° 345 26.12°
SL 94 8207 8.96" 99.43" - 26.71° 20.15°
SL 140 6523 437 99.09" 65.04% 26.83" 15.34*
SL 135 79.92% 645" 9991 - 2343 13,56
SL 36 8243 1397 99.34° - 26.98° 16.61°
Tannin lines SL 63 7526° 2043 99.86" 74.30° 2199 14.80F
SL 17 72.40" 6.09 99.34° 67.29° 31.89° u4.11°
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° 4.11°
SL 81 79.57° 465 99.32" 74.76° 2.0 7.80
SL 1 77 274" 9937 84.96" 2831 488"
SL 70 84.94° 788" 99.52° 7701° 36.14° 19.18°

1

-PVP, No polyvinylpyrrolidone pretreatment.
+PVP, 2% polyvinylpyrrolidone pretreatment.

e}

)
)
)

@

9., No inhibition.

2f Al ghde] 24 Aol 5 HE AEEY]
|3k Aolgte Hi1(14,22)7F T

Lipase Al &2 20% ©lat& A3 7} dofvhA] gAY
AlEE39] lipase Aell&2] ool 12
| A|(FAH) FEE9] 7ol protease
9} lipase©l] gt #all&o] vl$- STt

Lipase®] 7% ©d /2] A7} Yehdti= K.131(23,24)
S} e Ete H1(14,25)7F UATE Lee$t Lee(13,
4= THE7L RS F3Y Bd S Fhehe A8 AE
o et BIE 2316, o] F 23 A 87} c-amylase
<} protease &3 A2l 5taL, lipase 432 S/, B
7} Algol PVPE & Al a-amylase 2 protease] U gt
7o) F/EHA Y lipase B Nl= F&FS FA Bk
Btk w3t dlsd 229 Astgie] st
< BAAA A7t obd TR A3 = v Asj
F Aoz FSHEvty #d A B3l H3lt4).
Al-Mamary 5(23) 55 ALRE B9 BE9 &% A
oA A3 e 28HE A a-amylase, trypsin % lipase©] €4
o] &=L, c-amylaseol] et Aol 7} A

m

gl

!

o ¢

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

trypsin, lipase T2 2 e
T AleE Tl &d FiFel =2 SL 13} SL 709
¢ B34 R Easn A4

(o,
U
N
A
fo

g
Gee] 7t sl UE Al ge] Bl o% 9%

5,10, 50, B! 100 iM)E 2] 3te] 5714] Ashade] n|A]&
FFS A THFig. 3). A F 57} ol el uhat
FAIES G490 a-amylase, a-glucosidase E B
-glucosidase 8] B4 = 748t oW, 53] a-glucosidase”}
5 1Mo S B4 FRAAE wl$ G S BT,
50 M o’ A& Aol el AE= ik o ghdAt
o PVPE 7} Alell= 100% ©]de] &4 355 Kol o
-glucosidase &/ SolF o2 ehdite] gk I/ e
Aoz VeI, c-amylase®] 75 Hlw 4 n]gke] ghd 4k
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(A) a-Amylase

140

& 120

Z 100 (Wg====c=fse—mmaaq
= —
= B |

G

T 60 |

[F]

E 40 | s - [/ P

E’ 20 = {J= +PVP

L 1:' 1 1 ] ] ]

0 20 40 60 80 100
Tannic acid (pM)

(C) B-Glucosidase
140

< 120
100 (
80 —
60
40
20
i . : . . ;

0 20 40 60 B0 100

%)

Enzyme activity

Tannic acid (pM)
(E) Lipase
140
120
553 u:p-—,.—-cr—_—‘—u
BO
60
40
20

|:| 1 1 1 l 1
0 20 40 60 g0 100

Enzyme activity (%)

Tannic acid [pM)

743

(B) a-Glucosidase

140
120 -pD'-_---D---""""D
100
80
60
40
20
0 —e

0 20 44 60 80 100

Tannic acid (pmM)

Enzyme activity (%)

(D) Protease
140
120 |
100 (

B0 [

-_----ﬂ

-—----ﬂ_-

—e

Enzyme activity (%)

a 20 40 60 20 100
Tannic acid (pM)

Fig. 3. Effect of different tannic acid concentrations on the main digestive enzymes.

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

SZo ot A& TE Sl wt AAs] o
A= S EArh Bglucosidases] A-Fol= a
-glucosidase ¢} 2] & A&7t doubA] S ghakgh =)
FAE oM 100 1M = A4 A7 = 70% T2
g2 7R3+ Y Protease®] 7d-F-oll = A&l Al H-E
E AEE Hol7] AlZete] 50 M ©]de] & A&
Al 30% el e TS et on, PVP H7tE

e
ol

96~111%2] &4 3 &8585 BT} Lipase 4L ghd2t
T W A gt AA ZUuth 5 FEEY AT
o= 7 Ue] vd Bt ofe} ofe] FRe| E4o|
FAE Aslatket A dFE vA= R dEFle
(26), ¥ AFZAFNME ghdito] g gad 5
-glucosidase®] A&l HAY 52 HAh o= FF &
wof FHNEE BA 07 S T S0 Zegt HE
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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

v’ VP PVP +PVP

(IS\I(:irr%l};?nngc\;la;i) siet : 043

Control )

(Saedli‘lgﬁmg) 164 4955 542 597¢
Non-tamin ~ SL 3 2313 32 u& 4Bt
lines SL 19 248" 383" 1757 1291°
SL 152 6074 2433 520 133

SL 119 7090°  3403" - 5.10®

SL 94 7328 295 1963 27

SL 140 761" 155 47 1627

SL 135 64.18™  18.36" - 16.70°

SL 36 7015° 1104 510 1616
Tamnin SL6  s65TF 173 043 759"
SL 17 6000 3388 - 358"

SL 85 40300 2483* 1562 3145

SL 160 s642% 164" 1963 10.63*
SL 81 51347 8.06 - 499"

SL 1 28.36" - 1616 2625
SL 70 6567 22847 - 2,828

".PVP, No polyvinylpyrrolidone pretreatment.

+PVP 2% polyvinylpyrrolidone pretreatment.

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

, No inhibition.
o (o]
hrdl =
2 ATe 7 ASEY Bd & AstaAh AdE
& 2Ale G5 55 EERYI £ o189 FIE
AlStath

ZAbe Az, 2] 9} i

Aol o] F3] ol ghdo] %‘#?}2 & Utk =S

2 é%oﬂ*ﬂ ehd ek 11.54 mg/go]Oi 73%

27t 4.57 mg/g¥} 28.71 mg/gl =

]’o %74] ‘/}E}‘X}"/P} 65% =73t AT AollA 2.06 mg/g
7} 26.38 mg/gl & ZT}.

T FEE Od FFERE 15745
W 2A1 23, whdo] iR ABEAA Thdo] g
< AlsEd vl 7Rl EJ‘L a-amylase, a
-glucosidase, B-glucosidase A 3-&°| =4 YETH £3

EH”Q_E ko

A23d A55 (2016)

d AlgolA 97%

oo
Soldo o Augs

a-glucosidase®] A3l &2 2E &
2 O 23t8 405 e u)$
Hh
Protease®| #13ll&-2 & AlFECA non-BHd AEE
o vla Mukz o7 =7 YEelsit) Lipase xi &2 20%
olat® Aaj7} LdolukA] L7 m§- Yot 5 AleE11

lipase A|3ll-&2] frel/deol fldd

H.lO

il

ZAle 2
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