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Rheological properties of arabinogalactan solutions
isolated from the legumes

Kyeong Yee Kim' and Choon Young Kim’
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*Department of Food and Nutrition, Yeungnam University

Abstract The aim of this study was to investigate the rheological properties of arabinogalactans (AGs) solution isolated
from moth bean (MB), navy bean (NB), and soybean (SB) including monosaccharide compositions, intrinsic viscosity,
steady shear and dynamic shear rheological properties. The major monosaccharides in MB, NB, and SB were arabinose
(64.8, 51.4, and 42.6%) and galactose (13.4, 19.6, and 46.2%). The yield stresses for 5% (w/v) NB and 2.5% (w/v) SB
solutions were assessed as 2.10 Pa and 1.98 Pa, respectively, but in case of MB solution, it was observed to be negligible.
While 5% MB solution showed rheopectic property, 5% NB and SB solutions showed thixotropic properties. As a result
of frequency sweep experiment, the G' values in 2.5% MB and NB were larger than the G" value showed but 2.5% SB
exhibited G" value greater than G'. These results would be useful for future application as a food additive in the food

industry.
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H AT (Nunes 5, 1997). ¥5F oy g} AFA] FE8 AG
- ol2Hobd (Arabic gum)ell HI3) 3uf o] de] HAHEE
e AF] BG4S ®ol7] 9% H/HEA E8o] JFesitt
(Redgwell 5, 2005). E2¥(black bean)ell FH+E A o
FefollA =2 AHEE Jep7] wiiol AviFer &
oL} WojlA wre £7 el Refy Az 7o
o 7] $+c}(Susheelamma®} Rao, 1979).
e B4 A4 1A% 54 Hed 24 & 5
Utk A4 A SAHoNA FENewtonian) FA <t o] 7k
°
;

ﬁ}

L

(pseudoplastic) FrAlE A&z we Adexs =He
o 74z} F7ke} Fashes Aol wet ATt T4
B 54L& AXEXEH(small amplitude oscillatory shear)l]
oJa)] A7ehid & (storage modulus, G <=2 E(loss modulus,
G2 2A3e] GYGe] @9l andERE AT & Ak 4
1 Ak(loss factor, tan §)7} 1E.T} 2FS wi= 2A|F Addo] QA4
AR JH o2 At S5 il ofbrlof fef of
ol AL Htels W GU7F GEvE & 8% 84ES v
Sl tHMotamedzadegan 5, 2019). 45 =2]/J(pomegranate paste)
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AFNA 10% AG FEHNA pH F7il e FAE= "t
3L, FEU(Newtonian) 35S HITH(Furuta®t Maeda, 1999).
LRI F5E AG 249 AL pH 5-79014 7S =9k
3 2xo] el wet fadhe AEE e ATk Susheelamma
9} Rao, 1978). HENR](pinto bean)Z} 3 71'dF(navy bean) FZ
B9 AR7) HAA = (apparent viscosity) ZZoNH A7t FA
Figo] TEE A Brummer 5, 2015).

71E TR FEE AG 75 2Y ©@d F9 AGe] 7=
o R Agdo] F2 HIHUYIN oy FREC FE3
AGY] ¥aL A= F53 Aol ol dEtee ol
=9} AgE=S H|ELS 1:60]aL L] thA Adlelo] 9o
w B-1,3 AFS $F AE X A& C-60 B-1,6 A%e] A=
EQx ZArpge] Bode o=z ZAAEe] Rt B2
T25 7L Utk g8 2dtk(Sanchez &, 2008). o1& g A
TFA= BFetal 2 F2ES SFAA EFEA w&e) of
A7A AGY] FxR7F AEs] WelAA] %3 ATHEstévez T,
2006). Moth bean (MB, W), navy bean (NB, 3 733,
soybean (SB, )= AAIFoE g 2853 = TFE SB
N F2H AGY FHTH AFe o A% v oy MB
o} NBe] fHH A7 AgEo] o TR/ FATH 44
< Ha SIS

[e

Tz %

Arabinogalactan (AG)2| 222} X

Z=22t FH)8H(Department of Nutrition, Food & Exercise
Sciences, Florida State University)oll A S=3#ste] 2 | de}s|
Al(Tallahassee, FLY*IA Alul gt F2-72] moth bean (MB, WE-3),
navy bean (NB, 3 7}d%), soybean (SB, thF)2| AGE F&&
23l7] 9lste] WA 200g0) FF 7HE@A0mesh)E 10% (W)
trichloroacetic acid (TCA, CCL,COOH, Fisher, Fair Lawn, NJ,
USA)et E3ste] 4°CollA] 20417 &<t Rk & & 17,700xgol
A 20 B FAEEEHL AEHE AFAR R oFsie] whald
< Fo] 17,700xgol A1

< B3 42 A5

S Fated 409 75% (viv) oHIET A& T AGE ZHA

17 72 B3 AARL F313 4°C 75% (viv) oA
00 mLoZ 53] A3t A
AIZL F 17,700xgoll A 208 3 AAERslaL B e
A7HE 75% (viv) oFIEH E9tste] ARt AAE
At} o] AXEE 100 mLe] X7hE oMELRE 53] AlF 3}
Foll AL & B2 uljAl SAI7F 6kDadl 52 2H(Spec-
trumLabs, Dominguez, CA, USAYS AM&-3lo] S/74E o
FA & FAAREY FF AG Y AT
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AG T84 M=

AG FEAL 1,25 D 5% (wv)S] BEE FF50] AG B
S BARAA A2e0A 8AIZE o] wntste] $kxdd] FSlAIA Al
Z3FAT.

AG2| monosaccharide M2 £

ITH AGE 93FF AES GOMS (Agilent 6890 GC/5973
Mass Selective Detector, Agilent Technologies, Santa Clara, CA,
USA; HP-5 Column: 30 mx0.25 mmx0.25 um, & 2%: 50°C
(2 min)-30°C/min-150°C (2 min)-3°C/min-220°C (2 min)-30°C/min-

300°C 2min), GC Inlet: 250°C, SIM mode m/z: 50-550)2 &
slo] 21819150 Sigma-Aldrich Co. (St. Louis, MO, USA) A2kl
Yz FIZ olgH| ez AIRR ez APEX 2 FF
IF2E FFEAZ AR 4 @8R AR 93t dojrl
retention timeS 15.7, 16.1, 18.6, 20.6, 22.9, 23.6, 24.5%°| T}
FF AGE °|=AEQG mgmL)y} EF8HY EFES 121°CE 7}
GsPHEA 250 uLe] 2 N trifluoroacetic acidS 71ttt} 7k
¥ M=S 1M ammonium hydroxide 100 pLell -&8iA1 AT
Dimethyl sulfoxide 1 mL& E%E° H7FetaL 40°Celx] 7ra g
T W Z2AHacetic acidye AF Aol HE W7kR] EFEC
7Fet T2, 1-methylimidazole 100 uL} acetic anhydride solution
500 LS H7FstATh o] EFES 4mLe FFRS 2 1mLe
methylene chloride®} &35t} AZAA, FFES oMlEol 83
AZE o8 GColl FUste] AGse] ©FF A4S B8

o
AGe] s 545 &4t St 10 59 56"e] A& 7}
= < 71 40mm A7, 2+ 55 ume] cone-
plateE A}-23}= dynamic rheometer (AR-G2, TA Instruments,
Newecastle, DE, USA)E AR&-319ith.

HARSA|E(steady flow test)

MB, NB, SB &8 AGE wwtele] 1, 2.5 2 5.0% (wv)e] &
EE e AG &2 Azl 2 AL s A2 25°C
o A} AtEri=(shear rate) 0.1-100 s H$|ZE dynamic rheometer
(AR-G2, TA Instruments)E AFE3lo] =33 T)

=gt Mtk £H(cycling shear test)
Al7ko] MB, NB, SB 3 AG €99 Hxof n|x] X
F71 915t =8 Ad AES A ol AL w5
gAY AES FYEINT 2% 24 25°CoA AR AF
HAZF 0.1s7'0A 100s7'0]22 ATEE7F 100 s'0A] 60s2] &
3 FE F AdEE 4 WS 1005904 01572 Zhashd
A AZo] e A IS ST S|EH A B
(thixotropy/rheopexyye AHEE 57| 5 Aojzl A=gkes A
W 4] B9 doid HxghelA Wl gro = Yehdh
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Z IS A|@(small amplitude oscillatory test)
AE Qs 4L 9l 1, 25 2 5% (wh) T2 AG
THIBFe] strain sweep A @I frequency sweep A
dynamic rheometer (AR-G2, TA Instruments)S ARE-3lo] =33}
th AF ded HAE G G ol 21Ee Adgle]l dgsk
RES WETHLi 5, 2009). Strain sweep AF-S F4E 1 Hz
B 3451 0.1-20% strain HEelX AG &40 A Hed B
9 (linear viscoelasticity region)y& ZA3l7] 913t Pkt
Frequency sweep A% strain sweep A3 Aol ZAsI] HY
ZZE(strain amplitude)°] 3% @ 0.1-100 rad/se] ZH3E < (angu-
lar frequency) H$lolA =383 )

1L
32 dlo oo

ok

AlZE o|&X XS AI8(time-dependent oscillatory test)

AP A (pre-shearing) &35 ZARH] 3l 1082 &< AG
BNof| ATk (shear rate, 500s)E 83 F 225 (angular
frequency, 1 rad/s)?} -3 (stress, 0.01 Pa)o] LA3E ZANA Al
7+e] Wsle)] W AFELEG) 2 SHBHEG)S 600 &
QF Fg3krt
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24
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ol k=

I8 ThnES
25 ol2fe|=Z2tEarabinogalactans, AGs)e| EiEtE ME

GCE Tg3lo] A3 TFH AGY 93F AELS Table 13}
2t MB, NB, SBe| g A2 ofgh]inzel ez
T2 59-89%°]1Q 3 1 2]+ rhamnose, fucose, xylose, mannose,
glucose©|ATh MB, NB, SBol ¥3td olgjv]i=ze 7247} 6458,
514, 42.6%clH ZTEZE 134, 19.6, 462%= ST 2

()
1=]
RLn

A Hl(green bean)lX FE3 thdFe TGRS 4% Tld,
80.5% TFEH, 122% T8, 32% & A Fo @ AES

40% DEEZ, 36.7% olEH| =29} 86.7% HWr=E UERITHLI
%, 2009; Redgwell 5, 2005). & A7 A-8-E AGE EZE=E
2 o EAe 2 vl S A F AAsl] ARSI MB,
NB, SBe| Z=gE=S} olgjH| ez, gz AR S| v&
v A3k 79.8, 72.1, 91.7%E FAFSE Mol e

A walE JEo] o v = Aol
A FEFE VA e AR Bl Bz
olfH] H|&(G/A)S MBE 021, NBE 038, SBE 1.092
A=At ZFEZ(CH,,0) Ao o2t =Z=(CH,,0,)
Hoh AXM ZgEZ= & vlgo] FHTHE gEd 9IS v
A RAo= Holn HAZ ZFEZ H|go] JUlHoz & SBU
% I gFo] ZA JElITE. Renkema(2004)= T2 Az} ot
dEFFEHe] LA Yelve Jede] &g A1E
93 Salazar-Montoya 5(2012) th52] 13} 3% #4kdof o
X ] o)
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vlel o7 Bl EUSE Aol A vebten £ 1t
o PAle ZdHE= A A
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Table 1. Monosaccharide composition of arabinogalactan from moth bean, navy bean, and soybean

Monosaccharide composition (%)

Rhamnose Fucose Arabinose Xylose Mannose Galactose Glucose
Moth bean 1.5 4.6 64.8 11.8 0 134 39
Navy Bean 1.1 5.7 514 14.3 0.7 19.6 72
Soybean 2.9 0 42.6 1.1 0.2 46.2 7.0
14 [ —— 1% MB_Up A 16 [ —— 1% NB_Up C 4 [ —— 1%SB_Up
—o— 1% MB_Down ( ) 14 | —°— 1% NB_Down ( ) —o— 1% SB_Down (E)
121 —— 25%MB_Up —~— 2.5% NB_Up —— 25%SB_Up
—~ 10 | —+— 2.5% MB_Down = 12 | —— 2.5% NB_Down 3| —— 2.5% SB_Down
< 0.8 g 1 <
0w 2 8 @2
8 06 ® s o
D 04 o, n )
0.2 2
0.0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
—=— 5.0% MB_Up 160 F o 50%NB_Up
6 —o— 5.0% MB_Down ®) 140 —o— 50%NB_Down D) MOE L owsaup ®)
—o— 5.0% SB_Down
s 120 120 -
a4 & 10 5"
5 = 60 £ 60
o, @« 2
40 %
1
20 20
0 0

20 40 60

Shear rate (s‘1)

80 101 20

40

Shear rate (s'1)

60 80 100 20 40

Shear rate (s'1 )

60 80

Fig. 1. Steady shear stress of arabionogalactan solution isolated from moth bean (MB), navy bean (NB), and soybean (SB) as a function
of shear rate up and down. (A) 1% and 2.5% of MB, (B) 5% of MB, (C) 1% and 2.5% of NB, (D) 5% of NB, (E) 1% and 2.5% of SB, (F) 5%

of SB were measured.



o,

B X}ol

e

o Hlste] ©gZ <
Atk Fig. 1914 MB #4FH-S
=d) Wl NB9 SB &

ot e
2t} Chang 5(1989)2] 17kol] w=

1S MB

=l
o~
T

A
7!
H

i X o ©

s
a2

o AKX tHChang 5, 1989). Sanchez 5-(2002) Ak
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FEATEA BE5S FEsItK(Sanchez 5, 2002). BFA Salazar-
Montoya 5(2012)2] A-ollAs ofgh]ol 7 #Aatdlo] HATEs
500-1,000 s, TE 15-35%°14 wEUS FElE et
(Salazar-Montoya -, 2012). ©]2§t zlole H2 AWETdA =
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SR AGse| =EHMtE
Al she A9 AT skl tidk Ade A7kl w
& A7 adte Y AEZ I (thixotropy)el S7Fse 9.9
g (theopectic) 0.2 2 EH o] FEL AFEAY 2 A ool
A gy o g de] AREE Ltk (Mewiset Wagner, 2009). A17F
°] MB, NB, SB EAtele] Mo nxEe JFFS A2l ¢
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B0l glojAl s Al € AEZ I (thixotropic) 5731t
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Table 2. Hysteresis of viscosity of 5% arabinogalactan solution
isolated from moth bean, navy bean, and soybean

Shear rate Hysteresis (mPa - s)

G MothBean  Navy Bean Soybean
0.099996 163.5 3,430.1 4,290.5
0.158484 106.9 8,284.9 6,017.9
0.251193 81.9 8,374.0 5,292.5
0.398112 74.9 7,264.0 4,270.6
0.630954 53.6 5,920.3 3,302.0
0.999992 345 4,549.5 2,626.7
1.584890 259 3,505.0 22493
2.511880 8.6 2,7246.0 1,9447.1
3.981090 6.0 2,0622.5 1,585.7
6.309580 3.2 1,5830.3 1,204.4
10.00000 4.1 1,0997.9 876.09
15.84890 4.4 701.0 605.4
25.11890 5.0 407.16 389.7
39.81070 43 210.2 226.6
63.09570 2.4 91.8 113.6
100.0000 1.3 23.6 43.6

S e 240 722 A = th(Mewiset Wagner, 2009).
Baole] s|zEelA s B AUSE 45 A dojdl A
Y gt AREE s Al dojzl Awgd ko) Aol AN
o] Table 20 WERHSITE 718 & SlzElgr s s Avnd
g odE 545 Hole MBO A9 HAEEHRE 015904 0.164,
EaERY 54E Hole NBY 734 A= 01657014 8285,
SBS! 74 A= 0.16s57'014 6.018°120T}. @] 2 €] (theopectic)
o] Wshgte mm|sla §AERY] 542 NB Wslgio] SBE
o & o 2 Ueht NBEAR o] o6 AANE o AS W
3} dAto] ] Atke Ao E Helth Bames(1997)S mA| XS
Zte BE AAEL HAERY A4S Y F AU L,
Li 009 ofehlo} 7 #atele] Ak SJEshe #ape] 2
e FEUSE GBI Yol sl R AuLEdA g
Ezv) Ao] UEhdS Btk %o ARLEdA HrET

4 Uepli= NB, SB #4tel® ofiujop b fAkgh A7k

o of&Eske WAkl AdES THIAL S ERIsIITH(Redgwell
=, 2005).
(B) 1000 —e— 1.0% SB_G' (E) (C)
—o— 1.0% SB_G" (V)
100 | —v— 25% SB_G' (E)
/(? —o— 2.5% SB_G" (V) /
o e
= 10 7
3 M
o .
) S ///
L o1 "
[0} W
0.01

0.001

Angular frequency (rad/s)

0.001

10
Angular frequency (rad/s)

100 0.1 1 10

Angular frequency (rad/s)

100

Fig. 2. Viscoelastic properties of arabionogalactan solution isolated from moth bean (MB), navy bean (NB), and soybean (SB) at the
linear viscoelastic range with 1.0 rad/s and 3% strain. Changes in storage G' and loss G" moduli as a function of angular frequency of (A)
1%, 2.5%, and 5% of MB, (B) 1%, 2.5%, and 5% of NB, and (C) 1% and 2.5% of SB are shown.
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(A) (B) s e —e— 25% SB_500 PS_E
—o— 2.5% SB_500 PS_V
—v— 25% SB_1000 PS_E
= R = = —o— 2.5% SB_1000 PS_V
g 0000000000000 0t W < o . -~
< —e— 5.0%MB_OPS_E < ~ el
< —o— 5.0% MB_OPS_V < < x,,..oo"’ (oo
z —— 5.0% MB_500 PS_E = = ) o
(D_ —— 5.0% MB_500 PS_V (L‘v_ q 4 _.,,.../“‘ Joresand
01 N = —e— 5.0%NB_OPS_E -~ M
w o _0PS_| m
- = —o— 5.0% NB_OPS_V =4
©® - —+— 5.0% NB_500 PS_E -2 W
o —o— 5.0% NB_500 PS_V O
0.01 : - 1 0 ¢ -
0 100 200 300 400 500 601 0 100 200 300 400 500 60 0 100 200 300 400 500 600
Step Time (s) Step Time (s) Step Time (s)

Fig. 3 Storage modulus (G') and loss modulus (G'') as a function of time for arabinogalactan solution of moth bean (MB), navy bean
(NB), and soybean (SB) after pre-shearing at 500 s shear rate. Data of (A) 5% of MB, (B) 5% of NB, and (C) 2.5% of SB were obtained at

1.0 rad/s and 3% strain.

EF AGse AXZE XS SM(small amplitude oscillatory)

AsATE SA4L vz g o R tdRe 4 HeAy
AAS 2EsHE v o)t Chronakis®t Kasapis, 1995). 372 &
A Aed AdE Elsh] flste] 4% Asdd S48 4
Al A3, MB, NB, SB FE® #4102 JAFF7t S715l] o
2 G G Ftel FUIsITHFig. 2). XE7 & ¥<1(10-100
rads)oll M= B Aol Yehte 202 ATEE 1-10 radls
Wl G G gE B3N 13 2.5% MB Hatdle G
o] FA7F G"o] FAIETE =4 JERt HA4A “’“Hﬁ‘r %‘é’—‘i
ddol A YERt A Fe 54 /RItks AS ¢ A
ok 13} 2.5% NB #4k& Gl 271 Gl ‘I"X]EE}‘ %0} 28
47 AR JgA ddo] A JERI RiEte] A=
EA4S /RIg= Ae ¢ 4 A%k SB A2 13 25% &
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