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Moisture Adsorption Characteristics of Durum Wheat Components 

Chlllkyoon Mok 

/)epa!'lmel1l of Fo“‘I al1d Bi‘)(>ngÌncerillg‘ c ‘’//('gc of 1::11 ，앙inccring ， Kyungw‘)/l Uni l'CI'sÎll 

Abstracl 

Stan:h‘ gluten. sludgζ and water solublcs 01' durtlm whcat wcre ìsolatecl ancl theìr moisturc aclsorption charactel 
istic‘ werc compared at ~O"( ‘. The adso끼)tinn data were analyzcd [0 find t.hc bc、t-fit sorption isotherm 
c‘luation for cach ωmpon이1 t. Water …lubles ~h()wcd the highest sorptivc capacity among the durum wheat 
components. Starch showed higher equilihrium mnÍsture ('ontent (EMC) than gluten and sludge in lhe water 
activi!y region below 0.9 ancl 0.75. lcspectivd} , ln thι lllgher water activity regiol1. howe、ver， g센lωu띠tcn a써!11(띠 ‘d i 
S샤1m씨dgc s셔howιM‘cα2(‘d h비ligh(‘cπr EMC than !’S‘、싸’ 
m‘”띠)l S’이turπc a‘d’S‘ II아)ηrpt“!O씨m !s‘ot띠therm ‘of durum starch., whik thc Oswin equations wζre for the glu!cn and Ihc sludgc. 
For thc water ~.()l비11es ， the G.A.B. eqllation sh()wetl thc highcst gooclncss-of-tïl ‘ 

Key worcls: dU lUm wh t:at, starch , glutcn , sludgt' 、vakr solubles_ moisturc ,j(!sorptÌoll. isothcrm c이uatÎllllκ 

Introduction 

Hygroscopic matζrials keep reacting with thcir 

ambient environment. A dry material gains mOÎstlll'c 

from the cnvironment (adsorption) while a wet 1l1ate

rial loscs moisture to the environment (desorptiol1). 

Adsorptio l1 is associatcd with water entering the 

matεrial and it occurs when thc vapor pressure 

within the material is lower than thc vapor presslIfc 

in thc surrounding air. In contrast, desorption is 

associated with watcr moving Ollt of thc matcrial ‘ 

DcsorplÎon occur~ when the vapm prcssure 01' thc 

malcrial i“ highcr lhan that of thc c l1vironmcnt 

A c‘ lllsidcratiμ11 01‘ thc sorpti‘m phcllomena is 
cssential 111 understallding the drying and slorage 

principles of foo(]:,. '111C sorption proccs~， continucs 

llntil the vapor prcssure 01' a food reaches that ()f 

the l:nviron ll1cnL '1‘hc rεlativc vapm pn:ss lIrc (사 a 

1'l)od com par‘cd “" tha! (11' pure wa1er ;11 the (cm… 

pcralurc (lf‘ the 1‘”이 has hccn defincd as walcr 

Com잉pOIlding aulh씨 (‘hlllkyoOIl Mok, fkparlmenl (]f Fno이 
and BioenginecfÌng, ( 시Iege 01' EngÎneering, Kyllngwon \ Iniver 
Slly ‘ San tó Bokjung .. dllng, Slljll l1g-ku , Sungnam 4h 1 .. 70 1, 
K ‘)rC:ì 

:Jctivity (Aw) ‘ 'T'he dεgrεc of thc interactio!l of‘ thc 

watcr with othcr componc!lls in a föod systcm and 

ils contriblltioll to food quality arc affcctcd by thc 

activity and lhe thermodynamic sμltC of watcr 

(TaOllkis ‘’1 111， 、 19H8). 

A lIu1l1hcr 01' thcorctical and cmpirical c‘]uations 
hμvc becn dcrivcd to dcscribc thc sh씨pc of thc sig

JT1 nidal sorptin l1 isothcf1l1S ()f foods ‘ The cqll :JIÎllns 

an.: of special intcrcst in many aspects sllch as 

prcdictioll and ll10delling ()f drying limc. shclf-liI‘c 

pJcdicli ‘)J1 and fomllllation of foods. Van dcn Bcrg 
alld Bruin (1981), Chirife (1983) and Chirifc cllld 

I싣lcsias (1978) havc reviewed !he sorptioI1 isothcrm 

cquatÌoIIs 01 ‘ various food matcrials 

111 the prescnt study the moisture 씨d‘orption 

charactcristics nf thc componcnts 0 1' durll ll1 whcat 

wcrc ('ompared at 30"(: to 1'ind t.heir intcraClìon with 

water and thc rcsu]ts wcrc analvzcd tu find I.he bcs‘
fìl s‘)rp’ion isotherm cquatìol1 fnr cach componclH. 

Materials and Methods 

Durum Wheat 
Two varictics 01' dumm whcat; Vic and Ward. 
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possessmg a stron설 mixing propcrty (stnmg glulcn
lype) and a wcak mixing propcrty (wιak glutcn 

typc), rcspcctivcly , 딩rown ‘11 thc North Ccntral 
Branch ()f the N“ηh Dakota State UnÎvcrsitv Ex

perìmcnt Station located in Minot , ND .. USA ‘ werc‘ 

uscd for the isolatioll of their components 

Is이ation of Wheat Components 

Starch was isnlatcd from durllm whcat sampks 

by thc proccduκ l) f Adkins <lnd Grcenwood (J 9이l) 

to mIn lllllZC stal이1 damagc. Each whcal samplc 
was Sln'pl~d for 24 hr al 1 ()"(' in 0.02 M acctalc 
hllfrcr inlo which 1l1\:rcuric chloridc h씨d hc\.'n 

added ’‘’ ‘J.O 1 M kve l. Thc softcηcd grain W,lS 
ιaκhcd and wCI-millcd at IllW spccd for thc first 2 

min and at high spccd for ‘lT1 0thcr " mi l1 in μ 

씨faring Bkndcl ‘ Thc wct-millcd magma \1'/μs scrCCl1-
cd O!l a ;'{) mcsh SiL:VC and lhc ovcr、 ιυntaining 

bran and pcricarp was discardcd ’l'hc scrcc l1 cd 
magmμ 、v\IS SCI‘ l'C Ilcd again on a I l)O Il1csh sicvc 

to s‘ parah' nHlst Ilon-starch makrials , Thc 약arch 

was Ilw l1 rccovcrcd hom thc filtralc bv ιιntliluμat10n 
at I ,I)()() x. g for S min anJ washcd four timcs hy 

|‘:SlISpCIllSiOl1 in diκlilkd watcr. Thc rccov L:rcd prime 

slarch was air dricd <1 t f{)OIl1 tcmperalun.' fOl ’ days 
and passcd throu상h 시 70 mcsh sicvc , 

Glu1c n was isulalcd from ιrollnd durll l11 야 hcal 

scmolina hv a hand-씨lashing melhod (AACC Approv
cd rvleth。이 3“-10 , j()s3) with a slight llIodil‘Ícatio l1 

(lf thc drving mèlhod. 'l'hc rccoven:d wιt gJulen 
was frcczc-dricd. Frl'Czc-dricd glutcn was ground 

lI sinν ‘1 hllrr mill (Laboratmv COIl씨 lllCI ion ('0., 
Kansas City ‘ MO. 1 :SA) and p~sscd through a ()() 

mesh sicv\ 
Thc 새latcr solublc and sJudgc fractions wcrc i써I<ll

cd avcording to thc proccdurc of D'Appolonia (196씨 

\vith somι t11oditïcatio t1 s. Durum wh떠t 110ur was 

mixcd in a Warmg Bl‘:nder În a ratio or 1 part 
tlour 10 2 parts "μItcr for 4 minutcs at low. sp l.? cd 

Thc shmy was ccntrifuged with the aid of iln LL ‘ 

('. pcrfora‘cd baskcl rotor (2‘) cm diam샤tcr) 011 :m 
L E.ι cC: 111rifugc (Modd K‘ In1ernalional Equipmc lI\ 

( ‘0_ , Nccdham Ht~， 、 MA , USA) opcratιd ‘1\ J‘()μII 

미)111 wirh I‘ilter p“pcr (S&S No. 57h ClIStO Il1 t‘ihcr 
papcl , 싱chlcic‘hcr ι Schuell 111ι. ‘ Kcc l1c, N에， USM ‘ 

Thι rc('ovçrcd liqu id was ccntrifugcd al 10,(’00 x g 
for J() mÎnlltι‘ and tlll: supernatant wa~ h-CC7c-drÎcd 

tòr thc prcparal ion of thc watcr solubJcs. 
Thc sludgc fraction was scraped off and n~slurricd 

in distillcd watcr and centrifllgcd at IO,()()() g for III 
minutcκ 'TllC rccovcrcd Sllldgc was freezc-dricd and 

ground in thc samc m씨lllCf as was lhe 샤Illtcn frac‘t10n 

Moisture Adsorption 
A stalic mclhod uf,ing a sulfllric acid solutio l1 to 

maintain a constant rclativc humiditv was lJscd 10 
obtain ,111 EMC at 3()"( ‘ Onc pint Masoll jars wcn: 

filled onc-lhird fllll with various conccntra l.Ìo l1 s 01 

‘ulfuric acid solutions ‘ A support madc 01 .\.1 ~ rnm 
l!) coppcr 111bing was wclded through lhc m(.'‘al 
cnvcr ‘lf lhc 1\-1ason jar, and a Slopcock was attach
c'd t(l thc olltsidc cnd 01' thc suppmt. Duplicatc prc 

dricd samplc~ (ca. 1 g) wcrc put ‘nto sma l.l hιxa

g‘’nal po1 :v’styl l'l1e wcighing dish ，，~s (sizc 51 L() mn1 

ν 5‘’ () mm ‘ Fishcr Scicntific Co.) and pJ;lccd llvn 
lhe suJfuric acid solutions in jars. Onc m‘렌nctic 
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.I ars wcrl' cvacualcd so that mcasurcmcnl、 wcrc 
t1l:1(!c in ;JI1 al1110sphcrc 01 watn vapor a]o !1c ;md 
so that tlw c이lI ilibrium could bl'. rcachcd in a short 

limc. Finally ‘ jars werc placeι1 in μ ι‘lIl stanl

tcmpcr‘ llllr，ι cabinct hcld at 30 j 1 ).1 ( ‘ Sulfuric ‘lC id 

Sollltio l1S in jars wιrc stllκd daily (“이’)Jl，μ1 ma핑gnl'띠't‘“ic ; 

stl대Irπ r. lJndcr lhc ahove l'ollditions, al1 cquilibratinn 
pcri(씨 ()f 72 hours was su f1‘icienl 10 cstablish 
llloislurc eqllilibrium_ 

Thc vapor prcss lI res of 、 ariolls C(mcentrali‘lllS ()f 
‘ul t'uric acid s()!utio l1s and thc saturatiηn vapm prι5-
su n: 01 walcr Wl~re obtained from a rL:fcrcnc‘'C lahk 
(Pcrry and (ìrcζn‘ 19(7). Rclative humidíly il1 all 
cx periments rangcd I'fl)m 9.7 to 94,Y:; . 

Moisture Determination 
Moísture contents of samples wcre dctcrmincd 

hy thc tllεthod of Chung and Pt'ost (]!1(l7a)‘ Samplcs 
wcrc dricd in a convζction ()\!cn al 50"( ‘ tor :'.4 

hours <l nd finally at ]3()"(、 1m 2 hOUfS 

Analysis of Data 
Froll1 <l prdiminary study, scven isotherm eqllations 

wcrc sclectcd on thc basis ‘)1' thc goodncss-of-fil 10 
cxpcrimcntal data .. The cquations werc re~rrangcd 

to havc indepcndent variablc 、、이 l.tcr actlvl“ (A\\ ) 
and dcpclllknt v‘niablc moisturc COll(C I11 (m) as 
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Tablc 1. l\1oisture adsorption equations u‘ed for the ad
s‘’rption data 01' durum wheat components 

Rdnçnce 

rn=A+B A、\.tC Aw'+D /\.\\ .. ' Alam and Show (1971, :1 
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x、 J 

Jl1= 、 (, .A.I‘ tBiw(. I ‘’8 니 
λ j\W 、 B Av. 1 I 

rn=' 、 l' 11 ‘ lrkin 、‘tlld .Imd (1 샤니 
I B '11 A、κ | 

I-In( I 서 )1'" 
rnr | \ | llCIldcr씨011 (1 ‘)이 ~ ) 

j 、ι、 1" 
111= 1\ l . " ()，씨 111 (1 ().-1Il) 

I 1 \w I 

Ill=A. )3 In(t ‘A、ι ) Sl11 ilh (j9,r/) 

m"('quilihrium 11l0iSIU l'l' Cnll!Cnt (~↑ 、ιIlcrig '\llíd) 
A、V“ UιllCI actlvllv 
.. \. B‘ ( ‘ I )::::~，:t)Il SlaIL'-.， 

listcd in Tahlc I ‘ 

!:;tcl' sl't ‘)1' t Iw sorpti 011 d‘11a was lïllcd 10 lhc 

scvcn isothcrm cquations using thc NLlN ProCl‘durc , 

a III ’n-tíll"lf rcgrcssion analysis tcchniquc, 이 lhc 

Slati셔 ictl An;tlysis Syslcm (SAS Institutc ‘ I ()~")， 

SlIlTlS (l f “1 1I<l 1 씨 ()f dcviatiollS (SSI~) wcrc 

cmnparcd to chcck thc goodnc、s-01'- fi t. 

R딩sults and Discussioll 

Moisturc adsolJ、tÎO L1 isothcrm、 ()f thc compnJlc l1 ts 

()f Vic :tlld Ward durum whcat、 페 치 )"C arc iltustr;ll , 

cd in Fig. 1 and :2‘ rc제cctivcly ， \V;llcr soluhlcs 

showcd lhc h ighcsl sorptive c;lpac Îty anlOl1μ lhc 

durum whcat compollcnls ‘ Slarch sJ]()씨 cd highιI 

FMC Il1 all gJulcll 써11..1 sJudgc ill thl' 、‘ atcr actiνtv 

rcgio l1 hdo、ι 0. '1 ;lI1d 0.7.') ‘ rcspcctivc1ι In thc 

hi섬hcr 씨‘ltcr ‘ lιlÍνity rcgÍo l1‘ hO\νcvcr. gJUlcll μ Il d 

sludgc :--11υwcd hiμhιr EMC th;JIl starch 

Thc luwcr sorplivc capac‘ ily 0 1' glulcll lh ‘ III 

씨arch 111 10\ν ;ltld inlcrmcdìatc walιr aclì、 이V 

rcgi‘)]1'、 cxplains 111 1.' rcs lIl1s of prcvi()lI~ rcscarchc~ 

in which s,'cond ckar 110m and 110m 01' higher 

prulcin ιυntcnt ILIVι lowcr EM( ‘ than patent n‘'1II 
and flnul \)1' tυ\v<:r protcin contcnt ‘ rcspcιliv ，~J 、

(Baj Jey_ ‘ 'J20), aud thc starch l)f hread whcal havι 

a higlh:r ,orptivl ‘ ιapacity than ‘hc 섣lulcn (Bushllk 
antl \\이lI k Icr, !9_'i 7: Cì m-Arieh CI a{. 1%7) 
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Fig. 1. Moistun' adsorpti‘111 isotherms nf Vk durmn 
componl~nts at 3‘’O(~. 
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Fig. 2. Moisture adsorptio’1 isotherms ‘’f '\-'ard dU1'll 111 
cnmponents at 30"C. 

Thc highcr sorptivc capacity 01' glUIC l1 ;11 lhc 

c I( tn:mdy’ high walcr activity regioll cxplains tlll' 

highcr water absorption \vith incrcasing prolein 

cnntcnt ln brcad dough preparation (BJokμma and 

Bushuk ‘ I \)~~'). Bakcr 1'1 al. (1 \)4IJ) havc ~I 씨(1 

rcporkd lhat starch binds watcr up 10 30 , I 까 01' ils 

own weight whilc gJutCll binds watcr up tn .llU이 

()f it~ \veigh t. 

Thc diflcrcnιcs in sorptiVC' capacity 에 Ihc com , 

pO I1 cnb hclwecn Vic and Ward durll Jl1 arc 이lown 

in C[따)lc ~? Thcrc was 110 diffcr，:nCL~ il1 mcan 

"'lrptivc capaιI ‘y (셔 야arch hcμκt;Ctl Vic and \ν:lrd 

μ1 1 (1, kvcJ ()f confidcncc. Thc mcan sorptivc capa

‘ ilics ()f glutcll ‘ sJudgc and 、、이ltιr solubks of 、이ι 
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Each sct of adsorption data was fittcd 10 scven 

isotherm eqllations, and the degrees of the goodncss

of-fit wεrc compared lIsing slIm of sqllarcs 01 

dcviations (SSE) bctween actual and predicted EMC. 

The estimated parameters and the SSE of eaζh 

isotherm equation t'or durum starch are listed in 

Tahles 3 and 4 , rcspectivεIy. Thc Chung-PI‘)sl 

equation was the best fit for the adsorption (l j 

dunlm starch showing smallcst SSE, although thCIC 

W ‘1~ 110 significant differencc in SSE with the Os、，'/1n

씨uation. The predicted isotherms arc pl이ted in 

0 .4 

-J김씨e 2. Sorptive C3pacities of dUnIm wheat mmponent‘ 
(g water!g solid) 

VarÌt' ly N Starch (ìluten Sludgc Water so]uh]e ‘ 
Vic 12 0.15309 O.1341S** O.15HO{’** 0.14790* 이 

Ward 12 0.15344 O.12H73 0.15292 0.32015 

1'*Siμnilïcancc a1 () ‘II Icvel 

durum wheat pos‘essing a strong mixing property 

wcre highcr than those of Ward durum possessing 

a wcak mixing property , indicatinε tha1. thc dif1e

rcnccs in sorptive αIpacities ()f thcse cO ll1ponents 

rnight also contrihutc thc rnixing propcrtics in 

additioll 10 thcir absol l1tc amounts (Bloksm끼 써 Id 

BlIslllllι 198씨. 
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Tahle 3.. COßstants ‘’r the isotherm equations tì‘’'" dllrum 
wheat stan~h 
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Fig. 3. I'redicted isotherms for the rnoistllre adsorptinn 
01' Vic dururn starch at 300 C 
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Table 5. {끼:mstants of the is‘’thenn equations filr dllrum 
wheat gluten 
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Chung-Pfost Table 41. SlIm of squares ()f del'iati‘ms (SSEI hetween 

observ‘ d and predicted equilibrium moislm'c contents 
f‘’r durum wheat starch I) f)씨k70 

( 1 .4 42~1， 

(1 .021 ‘씨 

(1.() I):\ll(f 

17)QSζ5 

]l).OI까 1.' I 
1I .9:;.'7~ 

A ](l “'.1 19 1 I.K4<')!):\ Ilcndl‘ rson 
B l.l.ìSII 1.164::1 

1ì.()1)‘ :-1 
.. 1)(111 ，ι 씨 

’f.()‘1142 
1) .. 1~ ‘)'i l 

1 l.f )2.1 서5 

tl. l()tl')o 

17,7':’ >114 
|‘)에 13 (lJ 

“ f!O'i써3 

(l.Om66 
O.Oll'i익 9 

A 

B 
A 
nn 

A 
nn 

r 

A 
B 

Oswin 

(,.A. B 

Harkins.Jura 

Srnith 

Varietv 

Vic Ward 

AI;Hl I 0.1100 션() 0.1’()()44 , O.()()().1K6 1. ‘ 

Chu lIg-1’lúst 1),(1001 ’7 () 에)0251 1) 에)1) 1')4 lJ 

Os'.v in tl.ilO()21l 7 O.Il002 1>2‘ 11.에oo:n.'i n 
Smith lI .OOOK26 n.()()090S (μ!()I)H()6 /\ 
G.A. B. 1 ’ ‘)OO:!9tl O.00046J (l onmn 1.' 
Harkins-Jura 1’ I)()O -l 27 tl.I)()059(J (1 .000::; U B 

Hcndcr“O!l ()JI00717 ()(씨OH6:' O.()Ol)7’”’ A 

'Me‘ms with s;-mw ictkI ëlfe nnt ‘ignificantly diff(、 rcnt ((1,, 11.0’ ) 

MC<l n" FqU;ltioll 
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I ‘able 6. 8um of squares of deviatìons (881<:) between 
observed and predicted equilibrium moìsture contents 
f‘’r durum wheat gluten 

Variety 
Equatioll .-----.•--_----------• Mean 

Viζ Wa l'ù 

Alam O_OO 1700 I)_001756 (Ulll ‘72:-: C 
(‘hung-Pfosl ().()0576k 0.004727 (1.1)0524:-: .. 、
(),win ().O(1027tl ().()OCη02 I).tll)‘)2:-:11 1) 

Sll1 ith O.0018íì2 O.()O!t>25 CW01754 I[ ‘ 
Ci .A.B ().00070? O.O()OH3Il O.oor’76iì D 
μ ‘Irkin， -J 1Il' a 0.000-"‘” ()J)()1)744 o 에l()1l70 !) 

Ilcndl'rSOIl ().003447 O.0029'}.l ()_(’‘)3221 B 
ιMcans wi‘h Sdmc lcttcr arc 1101 signific“ntly differcnl (α=().05) 
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Tablt~ 7. C‘’nstants of the isotherm equation‘ f'or dunml 
wheat sludge 
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Fig. J. Most cquations showed greatçr deviation~ 

from obscrvcd EMC in thc low watcr activitv 

region than in thc high watcr activity rcgion. Thc 

Smith equation generally produccd higher EMC 

than actual EMC, while thc Hendcrson cquation 

produccd lowcr EMC. 

Thc estimatt‘d parameters 01‘ cach isothcrm 

C이uation for durum gluten are Iistcd in Table 5. 
fhc rcsults 01' ])uncan’s multipk rangL' tc~t 1m thc 

SSE (Table 6) showed that the Oswin equatioH 

wa~ thc best fitting for the adsorptìon of durum 

glutcn although no differcnccs were found from 

the Har!얘Il s-.J ura and th(~ G.A.B. equations. P!ots 

0 1' thosc cquations are shown in Fig. 4 

Rcsults of the analysis of the adsorption ‘lata llf 

Tahle 8. Sum of squares of deviations (SSE) between 
observed and predicted equilibrium moistun' contents 
t'()r durum wheat sludge 

씨
 

1 씨
 

-“ ” :vtl::‘’l' 
Viι Wald 

씨 lam 1l.Il01 lJ:',g ‘1.OI f['JhK o끼0195.' D 
ChU Ilf!;-prllst 0.00547:-; IU)1)54씨l 01 ’‘154X . .j A 
”、V.:I Il 이 l ’()();;72 1 )，(씨0571 O. IlOO키 T2Ci 

Smilh 1.1.0()20S2 Il .()()]()'η 1l.1)1)2(17:ì (‘ 
CiAB (l ()014h6 I UlOI.+~') OJ)01 ,-l4:-; 1 
Harkins-Jura (l.!씨o서 17 U.0007‘!} IU씨()써):; r 
11clldcrsoll IUll)47 lJ3 0.( ’04 (J43 (l.OU4~) 1 ~ I:l 

↑1'.1 "-"11、 with sa l11c Ic tlcr ‘Irc 1lt1! signilïcanlly diffcrcnl (μ= f) .O:)) 
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Table 1‘’. Sum 01' sqllares ‘’f deviatioßs iSSEJ hetwecß 
obsened aßd predictcd equilibrium moisture cOßteßt‘ 
for durum wheat water solubles 
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sludgt: (l f d l1full1 whe:11 samples ‘lcc(lfding 10 thc 

i~、otlwrm c l] llatinns arc shown in I'ahlc 7. Thc 

Oswin lquatioll was lhc lwsl fitting ‘:quatioll for 

thc adsorptioll ()f the sludgc (TahJc X) 

The c~timalcd paramctcrs nf cach i싸Ihcrm C시 U :I

tioll f\)f w써CJ “‘)luhlcs of durum 새 heal samplcs 

an: give l1 LIl ’ lahk l). 1'11.: results 써 Duncan's 

LYL Ll ltiplι ranμe tesl Îndicaled ll1at lhc G 씨‘ B. e냐 ua-

11011 ‘ hO\ved thc smallcst SSE‘ hut l l1cH,' werl' t1 0 

SI 앙 nilicalll diffcrι L1 CCS În lhc g()odllc~s.-of-fíl from 

lhι Alam and t lJc Oswin cq Ll atÎons (Tablc 10) 
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