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SUMMARY
(FE2°HE)
A 1A H-

O Aluminum (Al) toxicity is the major factor limiting plant growth in the acid soils that
comprise large agricultural areas. In particular, inhibition of root growth in the root apex
caused by an Al-induced impairment of cell division and elongation is a well-known early
and dramatic symptom of Al phytotoxicity. The root apex is considered as the primary
target iIn Al resistance and toxicity. A rapid and reliable screening is needed to
discriminate sensitive and resistant genotypes. Several physiological mechanisms
contributing to Al stress have been identified and characterized in many crops. Al
resistance can be divided into mechanisms facilitating Al exclusion from the root apex and
mechanisms conferring the ability of plants to tolerate Al in the plant cytoplasm. Specially
exclusion of Al by chelation with organic acid anions transported PM bound proteins, such
as citrate, malate and oxalate, excreted from root apex has been cited as an Al tolerance
mechanisms. On the other hand, it was proposed that a pH shift in the rhizosphere might
be responsible for Al tolerance in growth. Increasing in the pH of the rooting medium is
proposed an Al exclusion mechanism because the solubility of Al is strongly dependent on
pH. Also, The H'-ATPase activity across the PM is supposed to play a major role in

cytoplasm ic pH regulation.

Here we report a simple screening system using hematoxylin staining (HS) of the barley
root apex. It allowed rapid classification into different aluminum (AI) tolerance from 65
cultivars within one week. Using this system, we selected the most Al-tolerant (Jayae-2)
and -sensitive (Pum-2) barley. The results show that the different responses in Al-induced
growth inhibition, Al accumulation and expression of plasma membrane (PM) H+-ATPase
in root apices of selected two cultivars. It showed strongly Al-induced growth inhibition in
a dose dependent manner only in Pmn-2 but nott in Jayae-2. Aluminum accumulation in
root apices (10 mm) was significantly higher in Pum-2 only. The H+-ATPase expression
of PM vesicles by western blotting was decreased in Pum-2 but not in Jayae treated with
20 uM Al for 24 h. These finding indicate to screen from our system is rapid and reliable
and to sustain the expression of PM H+-ATPase at translational level is an important role

in root growth as affected by Al

_11_



O Contamination of soil and water by toxic heavy metals such as zinc and cadmium
represents a major problem in Nature. Plants growing an such soil can inhibit growth and
development. Sometimes plants accumulate metals in their shoot and root. It is generally
known that the inhibition of root growth in plant include barley is the primary effect
caused by heavy metals such as Zn and Cd. Plasma membrane(PM) H'-ATPase is major
factor of cell expansion that strongly associated with growth of plants. In this study, to
know physiological and biochemical changes and responses under heavy metal stress, root
growth changes and PM H+-ATPase activity assay treated with various heavy metal
concentrations were carried out. Localization and uptake of heavy metal in barley root was

observed with Dithizone (DTZ) and ICP, respectively.

It is well known that the inhibition of root growth in crops including barley is the primary
effect caused by heavy metals such as Zn and Cd. In previous report, we found that the
inhibition of H —pumping rate in the highly purified PM vesicles obtained from the Zn and
Cd treated roots coincided with the inhibition of root growth under heavy metal stress in
a dose dependent manner. Using the pH indicator (bromocresol purple), it is shown that
surface pH of the control root was strongly acidified from the starting pH of 6.5 in a time

dependent manner. By contrast, the surface pH changed only slightly in the 200 uM Zn
and 20 uM Cd-treated roots. For localization of Zn in root, barley roots exposed to Zn
were cross—sectioned and stained with 0.1%6 dithizon. At the long—term exposure such as 3
to b days, root was stained entirely and localized in all cells. At short-term exposure
however, the tip of Zn treated and cross—sectioned root (10 mm from the root apex) was
accumulated into vascular cylinder and xylem within 1 day but not in mature zone. Our
results show that altered dynamics of H —flux across the root plasma membrane are

related to accumulation of heavy metals into the root.
A 24 H-

O The primary objective of this study is to investigate the quality properties of noodles
added with germinated non-waxy (Saesalbori) and waxy (Saechalbori) barley flours at
concentrations of 10%, 20% and 30% to wheat flour. The quality characteristics of the
samples were assessed in terms of color, cooking characteristics (water absorption, volume
increase of noodles and turbidity of cooking water), texture profile analysis (TPA) and
sensory evaluation. Regarding the cooking properties of the noodles, adding waxy barley
flour did not affect cooking yield and volume increase significantly(p<0.05), but noodles
added with germinated Saesalbori at level of 10% had the lowest values of cooking yield
and volume increase. Adding both types of flour increased the turbidity of the noodle

soups. There was a common downward trend in L” and b" values and upward trend in a*

_12_



value when increasing the level of barley used progressively. Adding germinated
Saechalbori decreased the hardness, springiness and gumminess of noodles but did not
cause any change in cohesiveness significantly while adding germinated Saesalbori
decreased all the TPA parameters of the samples. Furthermore, the sensory analysis results
showed that cooked noodles with 10% added germinated barley had no significantly
different overall acceptance from the control sample, 20% substitution still resulted in
acceptable sensory qualities. However adding both the substituted flours up to 309 was

shown to cause unpleasant sensory qualities of noodles.

O This study was carried out to investigate the rheological properties of dough and
quality  characteristics of breads added with Saesalbori(non-waxy barley) and
Saechalbori(waxy barley) flours at concentrations of 102, 20% and 30% to wheat flour.
Maximum viscosity was increased in Saesalbori flour mixtures while it was decreased in
Saechalbori flour mixtures. Dough stability of 10% barley flour mixtures was equal to that
of control while that of 309 barley flour mixtures was higher decreased. Extensibility of
doughs decreased with increasing level of barley flour in all blends, but resistance of
doughs increased. As increasing the ratio of barley flour, loaf volume of breads was
significantly decreased but bread weight was increased. 10% Saesalbori flour mixtures
increased the hardness of breads but did not caused any change in the other TPA
parameters significantly while 1096 Saechalbori flour mixtures did not show any change all
the TPA parameters. Sensory evaluation results showed that 109 barley flour mixtures
had no significantly different overall acceptance from control, 20% substitution still resulted
in acceptable sensory qualities. The results of the study also showed bread-making
properties of Saesalbori was improved by germination but those of Saechalbori was

declined.

O In this study, we investigated the manufacture process of traditional kochujang with the
addition of sweet barley as starchy source. Three kinds of kochujang added with glutinous
rice, barley and sweet barley were made and the optimum mixing ratio of each kochujang
were investigated. In addition, we examined the quality changes of the three kochujang
during their 150 days’ maturation stage. Glutinous rice kochujang showed the highest
moisture (41.3742.7%) at the early fermentation stage. However, the moisture of barley
kochujang increased with the fermentation process and presented as the highest one in the
later stage. This change of moisture was considered as the result of the degradation of

various nutrition compounds by enzymes which were secreted by the microorganisms in

_13_



the kochujang, as well as the metabolism of reducing sugar which induce water in the
process. As to the reducing sugar concentration, the glutinous rice kochujang contained
20.3% reducing sugar which was the highest among all and followed by sweet barley
kochujang and barley kochujang which were 19.2% and 17.8%, respectively. During the
fermentation process, the reducing sugar concentration reached its peak at 16 day and
decreased in the following days. According to the acidity and pH, the sensory evaluation
result suggested kochujang added with glutinous rice and sweet barley were more

acceptable than the one added with barley starch.

A 3 A H-

O In this study, eight barrows (3056 = 0.78 19 kg of body weight) were fitted with a
T-cannula in the distal ileum and allotted to a duplicated 4 x 4 20 Latin square design
with 4 diets and 4 periods per square. The dietary treatments were as follows: 1) 21
WBI10, 100g/kg WB; 2) WB20, 200 g/kg WB; 3) DBI10, 100 g/kg DB; 4) DB20, 200 g/kg
DB. The apparent ileal digestibilities of total essential and non-essential amino acids 27
were higher (P<0.05) in WB10 treatment than DB20, which led to the greater (P<0.05) CP
28 digestibility in WBI10 too.In conclusion, it suggested that the hulled barley 40 through
water soaking had a comparative feeding value to the de-hulled one, and it improved some

41 amino acid digestibility.

O A total of 96 [(Durocx Yorkshire)xLandrace] pigs with an average initial BW of 61.8+
1.04 kg were used in this 70-d growth experiment. Pigs were allotted to 4 treatments
based on their initial BW wusing a randomized complete block design. Each treatment
consisted of 6 replications (pen) with 4 pigs per pen (2 gilts and 2 barrows). Dietary
treatments were: 1) VO, 0% hydrolyzed barley (HB) and 30% de-hulled barley (DB); 2) V1,
10% HB and 20% DB; 3) V2, 20% HB and 10% DB; and 4) V3, 30% HB and 0% DB. In
this study, our analyzed data suggested that hydrolyzed barley increased the energy and
CP concentration by 50.65% and 18%, respectively, compared with the de-—hulled barley. In
the feeding trail, pigs fed the V2 and V3 treatment diet increased (P < 0.05) the N
digestibility compared with the VO treatment at the end of 5 week. An increased (P <
0.10) tendency was also observed3l on the energy and nitrogen digestibility at the end of 5
week and 10 week, respectively. Moreover, pigs fed the HB diet tend to increase (P <
0.10) the average daily gain (ADG) and average daily feed intake (ADFI). The inclusion of
V3 treatment decreased (P < 0.05) the blood cholesterol compared with those contain DB.
Dietary V3 treatment led to a higher (P < 0.05) WHC than the VO and V1 treatment. Pigs

_14_



fed V2 and V3 treatment decreased (P < 0.05) L* value compared with DB diet. In
conclusion, the inclusion of hydrolyzed barley could improve the meat quality without any
negative effect on the growth performance and nutrient digestibility, which provide a

strong indication that hydrolyzed barley could be used as a good energy source for swine.

O A total of 144 [(Durocx Yorkshire)xLandrace] pigs with an average initial BW of 65.74+
2.29 kg were used In this 8-wks growth experiment. Pigs were allotted to 3 treatments
based on their initial BW wusing a randomized complete block design. Each treatment
consisted of 12 replications (pen) with 4 pigs per pen. Dietary treatments were: 1) CON,
basal diet; 2) VAWI, basal diet + 10% VAW (0 to 8 weeks) and 3) VAW, basal diet +
10% VAW (4 to 8 weeks). In the feeding trail, No difference was observed in (P>0.05) the
growth performance and nutrient digestibility throughout the experimental period. pigs fed
VAWI1 diet increased (P<0.05) the IgG concentration of blood compared with those CON
treatment at 4 weeks. Also IgG concentration of blood is higher (P<0.05) pigs fed VAW1
and VAW2Z diet than those CON diet. In conclusion, the inclusion of VAW could improve
the IgG concentration of blood without any negative effect on the growth performance and

nutrient digestibility.
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H 3 & dJdlasd s X 2

A1 R 4 442 9% 44, 45y a7

1. 33 2EG 20 dist B9 vbg A+
dZoF A AN B o Escreeningd 9H 24 H -ATPased &¢d (=%1)

7} ABSTRACT

Here we report a simple screening system using hematoxylin staining (HS) of the root
apex. It allowed rapid classification into different aluminum (Al) tolerance from 65 cultivars
within one week. Using this system, we selected the most Al-tolerant (Jayae-2) and
—-sensitive (Pum-2) barley (Hordeum vulgare L.). The results show that the different
responses in Al-induced growth inhibition, Al accumulation and expression of plasma
membrane (PM) H'-ATPase in root apices of selected two cultivars. It showed strongly
Al-induced growth inhibition in a dose-dependant manner only in Pum-2 but not in
Jayae—2. Aluminum accumulation in root apices (10 mm) was significantly higher in Pum-2
only. The H -ATPase expression of PM vesicles by western blotting was decreased in
Pum-2 but not in Jayae-2 treated with 20 yM Al for 24 h. These finding indicate to
screen from our system is rapid and reliable and to sustain the expression of PM
H'-ATPase at post-translational level is an important role in root growth as affected by
Al

Key words : aluminum, barley, H ~ATPase, plasma membrane, rapid screening
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A& w231 &3 screeningsto]ofdr 2 7F 9l (Ryan et al, 1993; Sivaguru and Horst,
1998; Ahn et al., 2001, 2002, 2004).

Kochian group (Kochian 1995)¢] 9]}, &dFrlHw WA 7122 7HA L I+ HES F 714
2 e A= e apexo] AE Qtow dRwlEel FFE wAsty] fle AlxAER
E] t}Fsk #7114k (citrate, malate, oxalate )< WEA|7]= 7]2tolH, o] &dl= A Eo=

g FowE 5o dth(Miyasaka et al., 1989, Delhaize et al., 1993, Ma et al.,, 1997).

T A= By ME U2 Fd dFrgol ERFE A A(translocation) H o] A =
2 53] A3t 2 Axe Ao AFste] FdE dFumdd s WS ws A Eoltth o
of &3ale =& AuF-eF o] tiEA ol

<

HL & FeodAe ¢FuE WA 71 #EE AR E9 Al-activated malate
transporter (ALMT]) +AA7F ¥r&] A} (Sasaki et al, 2004). D¢ ALMT1S &Fu]Fd W
A<l ES8 ¥ Huh ulidl ET8 EFolA =4 23y = A=A, AAHtranscription)
T oyt WY (translation) FwolAE @@ XolE Ho] MAEHA ME Ho=
malates T% 2 WEote] 29 dFvE 54S F53 sdth = 252 By o] f

AL st s PAASRE] malate FEHF] FUHE dFEvlwEed WS Ho FAT
(Delhaize et al., 2004). Yamaguchi 5(2005)2 o] ©ajdo] g dute] A& A= AS 59
shGth Wb dFuE Al g thE 7PE S el Al 2] pHE EotE st AA
A A 2T G4t He dFvEs F53F A7 te F4olth(Foyn et al, 1965).
o] E HIRrHsli= AUt Kollmeier et al. (2000) & &Fulw 2Ed 2o oJ&|A] o717 <]

3 )
el 2 597 ¢rtels s AEs gdsks oA aFdAE agars pH

~ﬂ
BN
o
=

indicator A& Ab&-sto]l THta} HF A AFUFS in vivoR A Z|ste] ] pHe| ¥}
£ FA stk (Ahn 5 2002, Ahn 5 2007).
dFuE 2EHZz o Helo] A AAE AxsEolA wi, #el 417 (elongation

zone)oll Al FAAA (H)e W&o JAE Y & d x4 (merisematic Zone)oﬂlﬂ“ FA AL Hredol
vbAl s oh a1 89t (Pifteros and Kochian, 2001). Al¥:9S E3 Ao 939 F=2 Al
2} 5% FE5AC H-ATPased olajA dAstH, AE otz vho] o]gfdt AdA o] v 7%
7] (proton motive force) & AMEZS] pHE S7MA71WA apoplastic acidifications 2= & &} Al
" o]z "w|gto} 23} TEgEol Thesty] Wil A= Ay wdo] I3teo] ¥ Za
o|t}.(Morsomme and Boutry, 2000). T3 Al EXube tpokslt d4= F7] &8 olygt dFvg3)
e TEEE FFEE g9t A7) Wi FrE e
2EY 2o dEste] B2 A7 dgHo] givh B A OFolME B kA FEo] o
1 dFwuF Ao 93 Hele] ERE9 Ul (membrane potential)2] =Fo]7} HAYEle] 1]
A ZS WAAS Hole HAdS qrdsi e, olugt dd At S FAAe] Fd/ =
I ARG #AHo] AS5S TR IT(Ahn et al, 2001, 2004)

¢ AATE 7)o sk Aol tig B A7 I E Aol
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R (Hordeum vulgare 1.) FA+= 1031 &< 1.5% (v/v)e] NaOCl¥ 1.0% SDS (sodium
dodecyl sulfate)® A%& 3 5 FEEAA Aofd ths, ol @5T) WA AFAAE 7t
petri disholl Al =7l A 29 &<t ol AJHTE, 2ol HElE 02 mM CaCl2 €9 (pH 4.5)
T 3HrE gho] A AlE EEC &4 A AstEE(CaCl2) &Avk AFEgE o] f+= o

= A

=] o
2 2% dF BW QA AReER 45 48 W5 A% Aotk A%F( 14 h

g A & Z A} 9 solutionplatesystem
o)t S23 Ao SEH 64 £ R EFEES GFuFo WA A E=
<

Asl AREEAT. duidd A e Aol dAS

A AAHE Fx<¢ 20 uM
AICI;6HO(pH 45)= AgstR i, A2 F 24A17F $ o Zolg FAs AT &=, FHgh
olad S 7FZ 250 mm, AlZ 250 mm, T4 20 mmoZE F& AZsAd (27 3). Az
plated] Helg§ &H& R 5d% fFRo o 7] AlolE ~EXZ AR F plated] 7HY
SIEEe] AR FHlE plates EFvH U2 R T wjEAd Fa A Akl o

Hematoxlin@ A J & F o5 T HFFA
dFu ol ok ¥ y& H=E FAdstr] &) 02% (w/v) % hematoxlin &
3 Fol &7 23] Aol vy AMRlS #GsAT dFE
L AEE 33 wrEsgt dFraEs A ¥ FRFE 2 Aol BElE F223H lemd
= % 2M HCIE ImL 33t FE Yo] 48A17F &9k A9
w

o] gFek& atomic absorption spectrophotometer(Z-8270,

LA G R LH -ATPase 2@ ZA}
A3 Aol Be= two-phase partitioning(Palmgren et al, 1990; Ahn et al, 2001, 2002)
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w W@ sto] 4T Al o, H AF A2 b2 vgs Al AMEE A
0Col| B3 & A&t th H-ATPase &4 542 Ahn et al (2001)9] WHE o] &3}
ow B TEld e ¥F BSAE o83 widel HRHS AAdste]l A a3l th(Bradford,
1976). &3 129 SDS-PAGE=Z # 7|93 9 w2 PVDF(polyvinylidene difluoride) =
o7 &7 te, western-blotS Y3 5494 H -ATPaseo] thasle] wtEojx A1ak A (L
B Q9 Jlokult) & Sasagawa T EEEH EYHS)E 1:1,000 vi R 8] Asto] ALgsedar, wha A
H -ATPase A%< alkaline phosphatase-conjugated anti-rabbit¢! 2%} A= 1:1,500 =] =
3 X3te] AT AFEE BE A S Sigma(St. Louis, USA)AFZFE F918le] AL-&3513

0, RE A Haw vl wEe Axshgch

’

il

*EL
o)
@)

=

G282 0F
#7409 Sol o8 s EFelA AuEe 4B Ao AsHe szt wo w

Ay sti=dl(Sanchez and Benites, 1987), o]&]gt 3= EG Fofl 71 wol diHo U= =
wZolth, AR HES pH7F FAMAE EST Tl &alstA 2w, B

Jol ASo= g4 8 %zﬂfﬂ(Af*)oz g7k AlzhE o] Balo)] F4wa, 2 A
_]

Jpx
(o,
b

(o]

o
s
=
or

o
2
X

-z
o
lo
O>~
o)
o
[.._911‘
2
ol
ol
)
ok
%
ot
v
b
1

M
2

| Hgo] olg
0-40% o4& AAshE AHEFIA AFrF SHS FAYNY FoF AL S

| TH(Matsumoto, 2000).

w

3

H 7 ¥ £ screening

Hele 53 A Eded Uad AZolw, 538 dFngel oS wieit ayErw 4F
el Wael FF5S §A4s8H7] 9% 7P A& Hojokd A= W A&sta FEe By
o] &dFnE AEY 2 WA EFFES screeningdloFyt FTh o]o] E Aol =3 AT) o}
&3t dFuE FX(0, 10, 20, 30, 40, 50 20 uM)oll M2 U AF S FI HElo dFuE =
Ef o] mE Ry A AAE FAAaL, 53] 20 uM FESF 2443 Aol A B e
A A7 SAA Foldes Bol FAom I ol FRoAE AE #elrt AebA &g
= Sttt 2R fEe Addidtn 53 AAAdERY F4S S 647 Bl F
%% petri dishel] 3% & 54 @ a8z dASA AFS G5 10572 @Hato] 1 L potol 20

M ER 2447 B9 Aele F Rele) 4% S48 ol An} 27 1otk diRre

Fol &Fvlw Aol oA Feel Kol 50% ol F

=

= JAHG ot AF EFo] Al
Zol Ak wrh A AAE =E37] Sd 2l vy 2PS ANSGm, AFHOR
WA A EE (a2, Ael6, BATIDF U Al EE (F2, 92, 2 Adsdrt

A F7kA o] 7ko]l 7 AwwE o] &3 screening< WE 3 F&FA W wbHo| WS 1

Z237F I Z2 #AE7PF deld 817 A (Ma et al, 1997). 1 ol 2e 4 FF
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FEI7E ST (2 4B).

dFulE Aol g WA el A Aolek Alx o dFvE
ghe] BAE Fetaly] Y&l 20 uM LFVFES 24417 AE] F el apex (Ilem)¥t $2838ho]
dFuE FFS FAEAT (G 1. W8S FFol FF 47-62 nmol Ll WA FF0]
63-65 nmol®] A2 & HolFol 7P We FF ‘F2e /M WA FF A o=
= 2Tl Sivaguru and Horst (1998)& &Fn|F A gldt 244

oA dFujgo] el o] Wol FAHEJTL Husti, E A7NE Ut 59

apexol| A &Fwn|F dHFo] thE BYRt}t 2] A% =SS WA THAn ef al, 2001, Ahn

2

ke
2
N
o
X"

= 4, S5, HwE)o]
© 2 malate, citrate, oxalate 5 U3 F7]14F

2 = FE3 AZIvE 7%l By Aol 2y e A AR
B 2dAA dFuES S5 (uptake) A A (translocation)”} oy E#HF-E F3 A4
Fol Eoly ¢lo] Mo AHA(sequestration)drthi= H 17} At} (Matsumoto, 2000). =& of
w

Al dFEel A W2 FaEa JAE AgFR FH o] He=Ad i 7]z Ye

43 A 9YH -ATPased & & 2} 0]

21 59] A A= ‘Master enzyme' 0|2} &2 9= H -ATPase’} ¢F 5% &A%t} o
T2 ATPZF ADPSF 2712 28 WA Allx 5% 55 st ojul Ay H' & Alx
o= wjEata v AACA FAsE Ho % 7ile vE doled Edo] AxU=R
T F A= A2x 55 FFY 73 E AFFH(Sussman, 1994). & A SHE A EH o] o
o] MEZF AT ¢ Advks AP AFAE o] Zaer whdo] Utk AurE oY A &
g kS w@dsta low, ojn dFHgE ZEYX
I R T —E'nll:r, T B 9y H-ATPase’t &5 05w A2 9174 712k #
., 2010).

L P s ifﬂ-ﬂ dFulE 2Ef a9t dPAY H-ATPased] A& 7] $13] $-4
two-phase partitioning™ (Palmgren et al, 1990)°.2 #2]¥ 4 @99l &% (purity) S T3+

2

.
ANAE ol gate] ZAT A, oF 88% F& w2 QAT 2

—_

11[0{1

—_

i
s
%0,
dlo
o
f
k=l
ol
ﬂd
£
i
o>
jo
=
D
~
2
D
(@]
(@]
—_
D
(@]
(]
N
D
(@]
o
=
D
(@]
(]
3
AR
8
o
—t
=N

A Ads S Add mefo &Fvs Y FF A2 WA EF S22 FEE
20 uM EF el 24413 Fe A d HYs s ¥ dIddY

KN
FAY AA Guid o] H7| g E(SDS-PAGE) 237F 19 S5A°lv. A ¥ "IzHd 1y
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FoF A el v g@elA Y] patternoll = ofF#E ZolE B 7 itk v 3

(polyclonal antibody)% o] 3 H'-ATPase (100 kDa)¢] ¥d W3le= vz AIES HO
Tt (19 5B). A Al wel geid el ¥ A (translation) oA e A3E
DS T A= 141*3%] %?01]’\1% AdFrES A e e 4829 H-ATPaseo & o]
oz o] &=

ZoF Histlon, A EFols o duiEe o] dASA skt
2

WA EEe 4% 2RuE 2Eds selAE 9309 H'-ATPasest 14-3-4 ©h¥j o] 2<%

[e5

#) ol <14+3}(phosphorylation) 284S A8l whdHd WA FF9 A= ojn LdFEn]FI
oaf e S 93t YA H-ATPaseo] Aol 7+4A wjF A Zo|t} (Ahn et al, 2004,

Kim et al., 2010).

Ao ARl A e AE SR AE B S JAHL lon,
1A A= o AFgs 2 d5id 575 Aslsta, o dolrh &
FAS st ok 2 A9 A8 B AAA E otde g-¢

= 2 B A= A9 gloh ool 60

WS ARt stdow, ol A A Ao EdstAh ol FF ST
A= oWl AR =2 v &S aEsnd didd] & FHS 7HH 2 drh = REe 2
A7]19 T2 S v, U, 398 & screening St & wfo ik i systeme AE&E FOoZ H

, A E FFre] e o) A, e 22 A
SdFulF g3, @] H'-ATPase?] @& WaE zALse] B4t
FulgE s, 982 9o H -ATPase?] wd WsE xAlsto] #4351 h
(1) 2¥ 65 #E&= 1o AP S o] &t 20uM EFHES 24417 A & B
ol Aolm WA Al FF(Rd2, &pdle, BAFT)I WA Al FF(3E, 24 F2)S Ad
ST
(2) &Frged Wd FFS ¢F9w A8 %0, 5 10, 20uM)el wet e A A
o] Aoy WA M FFL FdUlHem e 5uM FEOIAFE 80%<2 Aol A A
=3
) 7HE WAdQl Apdd29r RizHAdRl F29] 4FulE A F, w20, 5, 10, 20uM), AlZHE
(3, 6, 12, 24X 7H)E 0.2% hematoxlin® 2 2 A F2 apexol| 3A17F o] FHE  AAE]o
o]

< 2
W, W 27 WA Abef20] Hlal mek AlZrel] whel 1o 9s) A =rF wi- AlZbesith
(4) 20uM= 24 A+ Age 82 apex(10 mm)e] &Fvlw S 4 27, A A2

+ 79 471nmol® FFS Ho Fou WA F2+ 9 649 nmold] =S FEFS Ho
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(5) 24A1ZF FF 20uM LFHES A ¥e] 9P A9 H -ATPase 23S western
blottingS &3 &A1g A3 WAl Zd2e kol gl W #25 A8 gA 5
1

X
At ol Hol AP A H-ATPase’t EFvwe] Hg 712l #ef st 2oz Bl
Z

4

6) 2 AFE T3 to] S A9} hematoxlino. 2 FMo 2 roratal wha2A wele &
FoE AT U FEY screeningS 3 F UQa, HF®W oolue A W S thE E
Ao = AHgd 4 S Boltt

3
(H) Al
2 e Al
2
15 f

1 |
(1 AT R T AT T
0 i ! nﬁﬂﬂﬂﬂﬂjujuﬂﬂﬂﬂflﬂfmf‘ﬂﬂﬂm A 1A

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
Cultivars

Fig. 1. Effects of 20uM Al supply on the root elongation rate of barley roots after 24 h.

25
OControl
o} W5uM
O10um
15 3 D2ouM
1
05
0
A B C D E F
Cultivars

) Fig. 3. Hematoxylin—stained roots of selected
Fig. 2. Effects of Al (0, 5, 10, 20uM) supply

) 6 barley cultivar roots. The plants were
on the root elongation rate of selected 6

grown in the presence or absence of Al (0, 5,
10, 20uM) for 24 h. A, B, C are tolerant and

D, E and F are sensitive.

barley cultivar roots after 24 h. A, B, C are

tolerant and D, E and F are sensitive.
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2840 &g 7]z

)
o
2
e,
B
2
N

A8 2 529 A Ve 74

AA o] vrg ANS 93 A 27 FUS 8 2EY A FoA AR Mg A wa B
A JS vA & AbelY ~Ed A (oxidative stress)E Wobd Rilo] sRHE AE 3 F OB
A Aol H-ATPase &4& =H3 A7} Table 10]th. 9 Aol H'-ATPase: ‘master
enzyme'°]g2tal EE & WE A E9 K Fast gholy 53 AEe 24 FH53 FAAA

9]
%XM] RFEA] Aok gaeltt dbsteae] A o wE d¥ A9 H -ATPase &4
= EJ_[E o)

< iz 33 v FF Z(AS D) 16 mM7HA] AAHA skou o 2 &<l
329} 64 mM A FEoAM= T4 o] F43] Hhshes WA, FF DE 32 mMZHA &
2 2YE A 64mM AP FRolA ZA o] HAHE AeR Hol D7} ©E e

A kel A3ek o2 HAt
ET ARk HeElel AA ol HEle] kst 8 A (POX9H CAT)Y &4& FA4sdovd +
SAZel M3 Aol E Holx| &9ttt (Data not shown).

Table 1. Effects of different concentrations of H:O: on the H'-ATPase activity of barley root
plasma membranes. Isolated plasma membranes suspended in buffer were incubated at different
concentrations of HxO» (37°C for 30min) and H'-ATPase activity was measured.

H,0: conc. H -ATPaseactivity
(mM) (umol Pimgprotein 'h 1)
Control A D
0 355 + 0.6 (100) 36.8 = 0.7 (100) 39.1 + 0.2 (100)
2 35.4 + 1.7 (99.7) 374 + 1.0 (101) 40.2 £ 1.1 (103)
4 345 + 1.1 (97.2) 353 = 1.5 (95.9) 387 £ 0.7 (99.1)
8 334 £ 09 (94.1) 34.4 += 0.6 (93.5) 381 £ 0.8 (97.5)
16 31.3 + 1.8 (88.1) 32.2 + 0.8 (87.5) 37.3 + 1.3 (95.4)
32 278 £ 09 (78.3) 266 = 1.6 (72.3) 32.3 £ 0.9 (82.6)
64 104 + 0.8 (29.3) 78 £ 0.8 (21.2) 16.1 £ 1.6 (41.3)

~Qur weleh wol AA wele d9 AR(SFHE, ¥ ol B FFE FHP) B

At wejol ol A Hele] eest=el Hlal 9ol Table 20th. Al ©@3t=

2 2ol E Ko TX] grokom I Rhamnose, Mannose, Glucose?] &2 F 71X
2}
I
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Table 2. Comparison of nutritional composition in control and germinated seeds.

Organic

Carbohydrates
Solvent
(%) . Ash
Extractive Rhamnos Arabinos Xylos
S Mannose Galactose Glucose Total
e e e
Con. 3.0 0.4 3.1 39 0.6 0.6 60.8 69.4 15
Germinate
0.3 1.2 2.0 0.4 0.2 60.2 64.3 1.0

d

19
of F¢a, 53] vstE FolA Lactose= A=A &t} (Table 3). o= Hol dxl B
Ao} Wol AYA ®E, aela dHE T2 Uld dYF Aol 2 Aolvf gleng wrg
JFEE o] &3k A 2E U Al E JfEEts dE BAVF 9IS Aow Algd

Table 3. Nutritial composition of barely powder (danbori).

Einss SRR 9] A g R

T T 10.4 g/100g 21 EF71(2008) Gt E Az

A 3.3 g/100g 21 EF 37 (2008) 7t E AR

R 9.8 g/100g Kjeldahl %

3 & 1.8 g/100g 21334 (2008) 3] A
g s 74.7 g/100g 252 71(2008) AT
Fructose 0.2 g/100g 2 EFH(2008) FEAEH
Glucose 0.4 g/100g 2] 3% F2(2008) FAAIEHY
Sucrose 0.3 g/100g 21 EF71(2008) FAAEH
Maltose 15 mg/100g 21334 (2008) FHEAEH
Lactose e mg/100g 2 EFA(2008) FEA Y
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Cation content Anion content
2500 1400
Il Germinated seed 1200 4 Il Germinated seed

=5 [ Control seed —~ [ Control seed
B) 2000 l %I’

1000 -
£ 13
—
c 1500 - €

800
8 o)

]
S 5
8 1000 o o1
c 2
Qo o 400
- - —
@ 500 1 c
) ﬁ i ) N
0 : xﬂ - ol M , , ! : :
NH4+ K+ Mg+ Ca+ Fluoride  Chloride Nitrite Sulfate Nitrate  Phosphate

Fig. 4. Content of cations and anions in control and germinated barley seeds.

T Fig. 4914 R+ vle} o] dnk weje} wolAlA] ®Ele] ol (Sodium, Ammonium,
Potassium, Magnesium, Calcium)¥} <9°]< (Fluoride, Chloride, Nitrate, Sulfate, Nitrate,
Phosphate)®] &&S F43ste] vjus] 2 Ay Ayt Rle} Dol AA Hel EF% Ammonium¥}
Phosphate-2 74% A Zokomn ko]l Fo| A Fluoride®t Nitrate7} ol A BaoA thi
o Bol AEHAoH yHA Y] ol2Ed R FEoE HEHUT o= FHAT dnk
LR B %O}ﬁiﬂ B Fhel F7)eFEe] Apol= 74Q Sl Zo=m Hth

a8y v FL A (Mo, Zn, Fe, B, Mn, Cu)9] =S 243 A7 (Fig. 5), Mo¥} BE A&H X
e ¢kaL, Zn, Fe, Mn, Cu + ﬂ%i? wa ZxpA] A = FES wHo Fouh me o4
: %(Pb Ni, As, Cd) %01] A Asét Cde A& A &9F

ekl B (Fig. 52 B
2

-
H =]
3, Pbh Nife vl e %o oo g oz sl Uk

Metal content

Il Germinated seed
[ Control seed

60
40 4

20 4

0 Mo Pb Zn Ni Fe B Mn As Cu Cd

Metals content (mg/kg)

Fig. 5. Content of micro—nutrients and heavy metals in control and germinated barley seeds.
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Fig. 6. Product of barley seeds and newspaper account.

o171 MR FAF A AR E AL AZe] AR JEGew A
shglom, of AES 20009 99 18UNE 3z dRolA AAF A A
o, ;H]Z}EQ] T 2SS AATH 20099 9€ 25 AlAHE FFAE A FH=E Fi

Zn Cd
184 | —o— 184 | —®— con.
. (Z::r;suM —=— Cd 0.5uM
—A— Zn 50uM —A— gg ;:m
—— Zn7ouM 16 —O— Cd 10uM
. 16 Zn 100uM . i
£ —A— Zn 200uM £ —A— Cd 20uM
G o
£ s
2 2 14
& 141 8
8 3
o ©
12 12 4
10 4
10 4
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Days after treatment Days after treatment
Zn
04 Cd
04
N Con.
Zn 25uM N Con.
BN Zn 50uM Cd 0.5uM
031 BB Zn 70uM BN Cd 1uM
B 7 100uM 031 BB Cd 5uM
3 I Zn 200uM _ B Cd 10uM
= El I Cd 20uM
5 z
o
.2 o
=0 2 024
& &
01 0.1
0.0+ 0.0 4
5days 5days

Fig. 7. Effects of Zn and Cd supply on the root elongation rate and fresh weight of barley after 1,
3, and 5 days.
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< TaHoE Al FAEHM, 1o 4§ ojwolojmo] W& UoT= Y<lo] HTh A&
o] Aol o] F 55 Aol FHHY, A540] & wel= A4S A5 AGs 2UT
Pol s AT E TGP vAY. 2eng SaE mad 0, 25, 50, 70, 100, 200 uM
o] Zn%t 0, 05, 1, 5, 10, 20 uM Cd= el AHzlste] Mg daHz Belo] A4S Abs)
AHEFig. 7). Znol A= dHH R 2 = AgTolM= ”HE] Aol AA ] FHo] 2
W, Cdel A9E AT FE F P e 05 uM = ATl AE A% A7k 50% o)
s gl skt o= Zne EF da of7] Wit 4EE] =S sRoAN vEE de som HA
o & AT AelE Znét Cd B A skl wel AA3E] Fhastaith o= #ele] A% oA 9}
= 08 o R o] A% A Fo] Y Cd ATt A o‘l‘-/] A= AA S AR G
Hog Heolrt
Znd Cde] A7t #ele] Aol s FEE fee ol &4 xd wE el @4s 54
7] 913 agar plate system= AFE-3}SItE o] system ¥Elol +de H+ W& ¥ F¢ = pHY W
3t 34T + dx 2 2E Fig 80| L A3} ojth tx7+= Algto] Ad5 Ao R A L=5E H+
WER 2WY pHZF w53 fHasks vho] Znok Cdol ATl e A 197 % o ¥t
Ses gtk
Barely roots
pH 45
B pH 55
pH 6.5

Control 200pM Zn 20uM Cd

Fig. 8. Visualizing surface pH of barley root treated with Zn and Cd for 1 day.

_38_



_— Inhibitars H"-ATPase Activity

é 70 4 —&— Leaf

a —O— Root

N B

£ Control BB.2+7.8(100)

3 No metal 8.2+0.2(12.4)

z “1 -ATP 0.4+0.2(0.5)

g %] =Triton 26.9+1.0040.8)

g% Vanadate 11.8£0.7(17.8)

fI-‘ 10 Mitrate G2.0+2.0(93.6)

= .

e 04.5 510 5‘.5 510 6‘.5 710 7.‘5 8‘.0 85 Azide 87'2i0'4(101 5)
pH

Fig 9. Characterization of plasma membrane H+-ATPase in Barely

o] A%z wol Znsh Cdol ue Pelo Bye o , 3
A AT NGe zAse wudel 940 He-ATPases) @42 delstolol sz 9o

1 R4
A AR BeElo Aol o] aao 5EA4E AV EGtHFig. 9). BElo AS, o] &4 &
=13

pHE 659S & +7F A3 (Fig. 9A), vt &4 A4S T e d3gdde] &+

ZAFeE A3 38 A9 ATPase?] A AQl vanadateo] 80% o] &Ado] AA|H = Aoz H

of #Eld dPATo] HI3] w2 TE2dS 2 A HFig. 9B). E in-vitroZ Zn9 Cd&
[e)

N
k)
o}
ol
9
1o
ot
N
=)
a
i
ot
.%
0
Q
w0
@)
(o]
ie]
o,
ul
5|
o
RO

A3 s=7b gobgl wel dixTol s &

80

40

60

30 A

40
20 A

20 1

PM H*-ATPase activity (umol Pi/ mg protein / h)

PM H™-ATPase activity (umol Pi/ mg protein / h)

—o— Zn ®— Zn
—o— Cd —O—¢Cd
+
0 T T T T T T 0 T T T T T T
0 100 200 300 400 500 0 100 200 300 400 500
Concentration (uM) Concentration (uM)

Fig. 10. Effect of various Zn and Cd treatments in vitro on PM H+-ATPase activity isolated from
barley leaf (A) and root (B). Values are mean * SE (n=3). Each small figure indicates 0 to 1uM
concentration range.

_39_



B $7F A} (Fig. 10). in-vitro oA el ZolE &2l & in-vivo

2ol 71§ *‘X] °L°PE Akt kst ol F2] in-vitro oAl 2}

H Fon)sly] wiEolth, FuF AL in-vitro

FrolM = Zndt Cd 25 % F7bel wet %‘i BEFE Yo, AARE Be Yo T

£S5 A3 in-vivo FEodAE g2 23S B FAHFig. 11). =, Ag 194 = v
aae &Ao] FUtste AEgS Hoe whdHd Ay 301’1HTE1L a4 7

A7t Zn A F7F 1 A Fo] AA YETHFIg. 11A). o= AAgh 43 o] g4
W S western-blotS AAEG T 1 A3} Znot Cd A+ EF AHE 5ol ueg 1 2d
ol Aastdom 93l Cd Az FodA waALFe] o)zt o AzstAl #ol7F A tH(Fig

11B). o] 9849 H+-ATPasee &4o] dulde ddx AXsx gdow, 7 oJfF2E &
2o F4& g8 dude e wohs 14-3-3 @A) Qlaksl 2Hgol o &4 Aol
E 7 Ak
A Barley roots

§’180*

-

5

Days after treatment
100 m e V—— e
0 1 3 5 0 1 3 5

Day after treatment

Fig. 11. Effect of Zn and Cd treatments in vivo on PM H+-ATPase activity (A) and western-blot

(B) isolated from barley root.

_40_



20uM Cd 200pM Zn

= 1 6 12 24 48 72 1 6 12 24 48 72 h

reatrase > [ —————— | <2t
e atrase? | —————————— | 00t
B Leaf Root
20uM Cd  200uM Zn 20uM Cd 200uM Zn
c 1 3 5 1 3 5 ¢ 1 3 5 1 3 5 day
H-ATPase 1
H-ATPase 2
Actin

Fig. 12. Expression of H+-ATPase genes in roots and leaves of barley plants after different times
(0, 6, 12, 24, 48, 72 hours) and different days (1, 3, 5 days) of exposure to 20uM Cd or 200uM Zn.

B T4 Cdt Znel Ag F ¥R dg29 He-ATPased 43 wujde] gy

2 tranlational®} post-translational oA o] ZAlo]= & $-2]:+= transcriptional <ol A 2]

Wsts Rzt 545 Ay AR Ao wet Bele o3t Hels £38 F RNAE FE3618
t}. Z+7+e] RNAE cDNAZ 43 Fo] RT_PCRE %l 1 Ar#Ey FAe A A}

Fig. 120]t}, Beol A AF7tA] BHaud 4P A9 H-ATPase A4S 27FA AR5, Hele
Ayt o]l Ziwd B ooy}l Ag A7kel 0, 6, 12, 24 Al 2Elal g A4 3Y3} 50
T F fAdx<¢ H+-ATPase 13 H+-ATPase 2 25 Ao & zo]7F gldt}. o

55 ze

Hol dukx o7 H+-ATPaser master enzymel & 44 Q=d 553 2o ~Ef 27}
FolAsld & HAL FEol e HE o] 2 xpo]E HolFA Zo AoE Holn o]l HE
o] gAY H+-ATPase’} 5% 2E# 29 transcriptional oA el 24w 7] HUs=

tranlational?} post-translational =4 ZHE S HoFA T}
Lok 2= 2ylo] A Znet Cdol 3t #e] 29 ot dAwivtE FHo] HE=AE
ol 7] Yl 5<% Ad dAZF DTZ stainingl & #4390 (Fig. 13). DTZS Zn¢t Cd¥}

Adste]l e W Aefer £ e dul AgoME B ofyE o7y #A

oAM= FAF ZAVF dwE F Stalh iz A, A 3 SUelA] thatte] s

Aol Aol Hol=Hl ol HETt GEdelE vEke] Znzt dsha des At W ds

of At Zn A= F7F Cd Aelgtel wlsl | =Aeo] obF A o] H Aoz Hol Znh

wol T2 A&s & 77F AATh iﬂliﬂlc W o o g o] HE Jow W
: g& B b C

of Zne= ] & AFHAA ¢ B F57F dojd 7te
Aol ¥el= 9 ory: B JfE ddrt (Fig. 13A).

_41_



Con.

200pM Zn

20uM Cd

3days

g o 10 20 30 40 so |

Staining Zn (uM)

H|

o

Zn — no staing

200nM Zn Control

Fig. 13. DTZ staining of barley leaf (A) and root (B) treated with Zn and Cd for 1, 3 and 5 days. One day Zn

treated and cross—sectioned root (C) observed with electron microscope each part stained by DTZ.

_42_



Cd

/n

[ 20uM Cd

EE Control

0 -

=3 o ©
=] -
o

(M tuerd 3y/3ur)
SIURUOD P

[ 200uM Zn

g
L

I Control

(M@ ruerd S/5w)
SJUIIUOD U7

Shoot

Root

Shoot

Root

Fig. 14. Measurement of heavy metal (200 uM Zn<} 20 uM Cd) contents in root and shoot of

barley.

oH

ol

[e: HH
R

o] Folal A dsol wet k=

53] Ag 1dA o= &

HHE] LH

2

Aol Aol HAH (Fig. 13B).

Ex

B

A7} Fig. 13Co)t}k. x4+

Eis

stol

= section

H
=

A 39

=
=

147 Aee He

9|

71 ¢

hyaA
fn 5N

o B ootuE Ao sdelM = ol Zn7b &

o

% Hol oju] Zn7}

-

F= SASAY (Fig. 14). B

TR

4r

700N

KR
=

1} 10004H, Cd

9

=Tl H

)
=

)

.EH

X

b
M

5wl

& 3-40wj, Cd=

=Tl H

)
=

o

!

o}
0
i+

ol
jle

Ton

or
N
A

o)/
A

JECEREEIR

9

o A Aol 7

B

A
el
o3
o]

o
4r

Nfo

_43_



Al 2 A,

22, A,

3L

s

ol A By Axvle=

Aol A =

O
hiY

o A

B

fIfe)

il

obgh

By E v

F1Ee B8

5|
pul

O Hgo =

=
=

E[_]:

J By AFx7E=2

Z

AT A= ol

e

ol &=k

P AWTlE 585

s o] &3

_44_



G BYEL 8T T4 4 (BB D

e
fot

1. o} B ¥

Quality Characteristics of Noodles Added with Domestic Germinated Barley
7L =89 = M8

DRFYFFY Ax
Table 1% 22 wigte =z RELS H7Fste] A

ol Aj & H 2] o} ol A FH 2] BES 10, 20, 30% & Eel H7tst

- A EETES
- Alne) e A e,
of AWEY A,

2S5 84 53
- Texture meter (Compac-100 II, Sung Scientific Co., Ltd, Tokyo, Japan) = Zz|/™H2] 2

& Table 29F 22 27102 A3

HolA g B F dA=w FF HE
- EASHA @2 FHRE Y FTHE o] wRow, A3t wEt HAEAE. =, A
Hi=sheo] B5s ¢ A+ (Fig. D

- ol APlE wWelE AUEAY FFES f8 =Aste] AEste] AsdEs A 23 3
ofel o3 oA ow FHE ol SIS

o}AY mele Fast w3

- TR} ArEHE Aol Zow, =S met ZAasdls (Fig. 2)

- 2R AR ETE = AfRR e AgduE A7wo] e

Amylograph 3354

|= 2 ¥ste e ddolA o

- AR e AR E B5F wolxy B 3 3EA
breakdown(BD) d =+ wolx] g Frol A F7}38F S (Table 5)

- %, WolH Y VAW ATt s, ZolAE @l #astes.

gHe] RuZrgo JRreE ATl ZA F7Hst9 S (Table 6)
A3to] &

o] B = dlolx o we} ZrlstE Aol ge.



- AEEE Top A Fel wel FEwstrh gloloy, AER e = ol Al uet
=7F S7teks AgE B9 (Table 8)

- melEbEe] FAhgel wel A st gastdm, 20% AEE A8 Assas

(Table 9)

- elasticity ¢} firmness & A &7Fol] o172l o7t glgle.

1}, Abstract

The primary objective of this study is to investigate the quality properties of noodles added
with germinated non-waxy (Saesalbori) and waxy (Saechalbori) barley flours at concentrations
of 10%, 202 and 30% to wheat flour. The quality characteristics of the samples were assessed
in terms of color, cooking characteristics (water absorption, volume increase of noodles and turbidity
of cooking water), texture profile analysis (TPA) and sensory evaluation. Regarding the cooking
properties of the noodles, adding waxy barley flour did not affect cooking yield and volume increase
significantly(p<0.05), but noodles added with germinated Saesalbori at level of 102 had the lowest
values of cooking yield and volume increase. Adding both types of flour increased the turbidity
of the noodle soups. There was a common downward trend in L and b" values and upward
trend in a° value when increasing the level of barley used progressively. Adding germinated
Saechalbori decreased the hardness, springiness and gumminess of noodles but did not cause
any change in cohesiveness significantly while adding germinated Saesalbori decreased all the
TPA parameters of the samples. Furthermore, the sensory analysis results showed that cooked
noodles with 109 added germinated barley had no significantly different overall acceptance from
the control sample, 2096 substitution still resulted in acceptable sensory qualities. However adding

both the substituted flours up to 30% was shown to cause unpleasant sensory qualities of noodles.

Key words : germination, barley, noodle, quality
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t}. Introduction

Barley, ranking fifth among all crops in the world today behind maize, wheat, rice and
soybean, has been an important food source in many areas in the world. Besides having
high nutritional value, barley also brings health benefits to consumers. Tocols found in
barley, including tocophenols and toco-tri—enols are well-known for their antioxidant action
(1). The major fiber constituents of barley, B-glucan have been efficient in lowering
plasma cholesterol, improving lipid metabolism and reducing glycemic index (2). Barley
products are known to reduce cholesterol, blood glucose level and glycemic index (3).
Given the health benefits of barley, incorporating barley in food processing should meet the
demand of health—conscious customers. Compared to other cereals, barley contains higher
protein, inorganic and vitamin contents. However, due to high level of substances adhering
to the testa such as pectin, hemicelluloses, viscous indigestible polysaccharides, digestibility
of barley is only 65-72% (4). Hence, there is limited use of barley in food or feed. About
two—thirds of the barley yield has been used in feed, one-third for malting and only about
2% for food directly (5).

Germination of cereals is a process in which dormant enzymes are activated to supply the
sprout and the available nutrients in the seed greatly increase (6). Therefore, germination
1s considered a good way of improving cereal quality. In this study, a new type of
germinated barley is introduced (4). In this germination method, embryo turns into a white
body, enzymes which hydrolyse fiber polysaccharide in the testa and outer most layer and
endosperm are activated, the digestibility of VAW barley reaches 90%. Due to the highest
diastatic enzyme among cereals, germinated barley is chosen to be sugar source iIn
brewing. Nevertheless in traditionally germinated barley, one alkaloid substance called
hordenine in barley root has been reported to rise blood pressure in human and animals. In
this patent, this disadvantage is resolved, hence VAW barley can be considered
health-protecting resource, helping to promote barley agriculture. Because digestibility of
barley is elevated by the new germination method using no enzyme from external yeast or
mold, using no acid, alkaline or any Inorganic substances, this method is so—called
"no—additive method”.

Barley in various forms, has been used in foods in the world. In Russia, Poland, Tibet,
Japan and India, pearled barley has been used in the traditional dish preparation (7).
Koreans use pearled barley as a rice substitute and for the production of soy paste and
soy sauce (8). In Middle Eastern and North African countries, pearled and ground barley is

used in soups, flat bread and porridge (9). Barley flour or barley milling fractions are also
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used in whole grains and fiber-rich foods. Among these foods, the popularity of pasta has
grown enormously recently. Pasta is known by many different names of which spaghetti,
noodles and macaroni are the most common (10). Noodles, which have been consumed
largely in Korea, are usually made from wheat flour, salt and an appropriate amount of
water. Recently, standard of living has been increased, consumers are becoming more
conscious of the nutritional aspects of food products. There have been many researches on
the addition of saboten (11), dandelion (12), apple pomace and soymilk residue (13), pine
needle powder (14), mushroom (15), plantain (16), mulberry leaves (17), onion juice (18),
chitosan (19), green tea (20) in processing noodle and the effects of using these materials
on the properties of the product such as appearance, taste, nutritional value -

In Korea where wheat flour is mainly imported, utilization of domestic flour in
manufacture of noodle should be encouraged. The objective of this study is to substitute
wheat flour with germinated barleys in order to produce new products of white salted
noodles and to investigate the effects of substituting flours on quality characteristics of

noodles.
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2}. Materials and Methods

Materials

Barley flours (Saesalbori and Saechalbori) and germinated flours (Saesalbori and
Saechalbori VAW barley flours) were obtained from VAW Barley Co (Jeollanamdo, Korea),

and wheat flour used was 1lst grade strong wheat flour (Korea Flour Mills Co, Ltd.).

Particle size distribution

Particle size distribution of the flours used were determined with a laser particle size
analyser (Mastersizer, Malvern, USA). Flour was suspended in ethanol by means of
ultrasound. The instrument output included volume distribution as the fundamental
measurement and medians D[v, 0.1], D[v, 05] and DIlv, 0.9] (ie. the diameter at which
10%, 50% and 90% of the sample is smaller and the remaining is larger), volume mean

diameter DI[4,3], ratio of total volume of particles to the total surface area DI[3,2].

Analytical methods

Moisture, ash, lipid and protein content of the flours used were determined following the
method of AACC (21). Flour color was determined using a color measurement instrument

(Minolta JP/CR-300, Minolta, Japan).

Total phenolic content
The total phenolic content was determined with the Folin-Ciocalteau method (22). All the

flours (200 mg) were extracted with 4 mL acidified methanol (HCl/methanol/water, 1:80:10,
v/v/v) at room temperature for 2h. The mixture was centrifuged at 3000 rpm for 10 min
using a centrifuge (brushless D.C Motor Centrifuge VS-5500). Aliquot of the supernatant
(200uL) was added to 1.5 mL freshly diluted (10-fold) Folin - Ciocalteu reagent. The
mixture was allowed to equilibrate for 5 min and then mixed with 1.5 mL of sodium
carbonate solution (60 g/L). After incubation at room temperature for 90 min the
absorbance of the mixture was read at 725 nm using a UV/VIS Spectrometer (HP-8452,
Hewlett Packard, USA). Acidified methanol was used as a blank. The results were

expressed as pg of ferulic acid equivalents per gram of flour.

Free radical scavenging activity (DPPH)
Briefly wheat and barley flours (100 mg) were extracted with 1 mL methanol for 2h and

centrifuged at 3000 rpm for 10 min. An aliquot of the supernatant (100 ul) was reacted
with 3.9 mL of DPPH solution. Absorbance (A) at 515 nm was measured at t = 0 and t =
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30 min against a methanol blank. Free radical scavenging activity was calculated as 9%

discoloration (23).

Free radical scavenging activity (26)=100 x [1-(A¢30 min - Aw0)]

Pasting properties

The pasting properties of the flours were determined using Micro Visco Amylograph
(Brabender OHG, Duisburg, Germany). Flour (12 g on 14% moisture basis) was suspended
in 100 mL of silver nitrate solution (by displacing 2 mL from 100 mL of water by 2 mL
of 10% (w/v) silver nitrate solution (24) and heated in the Viscoamylograph from 30 to 9
5C at a rate of 1.5C/min, held at 95C for 15 min, cooled to 50°C at a rate of 1.5C/min.
Torque measuring range was 700 cmg. The viscosity was expressed in Brabender Units
(BU).

In this experiment, silver nitrate solution was used as an alpha—amylase inhibitor to keep

alpha-amylase from reducing the paste viscosity (25, 26).

Barley noodle preparation
Noodles were prepared using a dough mixer (Model SM 258-10, EGS Stand-Mixer 350,

China) and a noodle maker (Model BE-8200, Bethel, Korea). Appropriate volume of distilled
water containing 2 g salt (Table 1) was added to 100 of flour and then mixed for 5 min at

speed 1.
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Table 1. Formula for noodle dough with various level of barley flour

Wheat flour Barley flour Salt water

Samples o) 5 L wa
Wheat 100 0 18
, 10 90 10 50
Sae(soj)l;borl 20 20 %0 -
30 70 30 55
. 10 90 10 48
sa%ii?%lélét‘%% 20 80 20 49
30 70 30 49
. 10 90 10 50
S aec(%;l)lborl 20 20 % -
30 70 30 54
. 10 90 10 16
Sa(é}gglll;%?ite?%) 20 80 20 45
30 70 30 48

Saesalbori: ungerminated non-waxy barley; Saechalbori: ungerminated waxy barley;
Germinated Saesalbori: germinated non-waxy barley; Germinated Saechalbori:
germinated waxy barley

Then the crumbly dough was manually shaped into a rectangular dough. The formed
dough was placed into an airtight plastic bag. After 30-minute dough resting time, the
dough was passed through the sheeting rolls of the noodle maker. It was then fold and
turned 90° and passed 9 times more. The sheet thickness was reduced gradually after
being passed through 3 different gaps. Then, the dough sheet was cut into strands
(2.62x1.98 mm?® cross section, 15 cm in length).

30 g of noodle was placed in a pan containing 500 mL of boiling distilled water. The
noodles were slightly agitated to keep strands from sticking to the pan bottom and sticking
together. Noodles were cooked for 9 min, then taken out and rinsed immediately with

water at 20C.

Cooking properties of noodles

Cooked noodles were cooled with tap water for 30 sec and then drained on a sieve for
three minutes. The remaining water was further removed by wipe papers. The drained

noodles were weighed.

W aiad ianiia — Mansisted nndia
COOKEQ MO0 GLE NCO0KE NooaLE W _]_{]I:I

Cooking vield (%) =
Muncooked noodle

250 mL mass cylinder was filled with 150 mL water and then uncooked or cooked noodle
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was placed in the cylinder. The volume of the noodle was determined from the new water

level.

r r
I’cool{sd noodls I’;:ncookec' noodle

Volume increase (%) = % 100

7
I:mcoo.'csd noedle

The turbidity of cooking water was determined by measuring the absorbance at 675 nm.

Dough and noodle color measurement

Dough and noodle color was measured with a color measurement instrument (Minolta
JP/CR-300, Minolta, Japan). L" (lightness), a" (redness/greenness) and b" (yellowness/blueness)
values were determined. For dough, measurements were done 5 times at random locations
on the surface of the dough sheet before being cut into strands. For cooked noodles,
measurements were done 5 times at random locations on the surface for each sample
immediately after water was wiped out. For white salted noodles, high L°, moderate b" are

more preferred. Products with extremely high value of a” are considered deleterious (27).

Noodle texture profile analysis

Texture characteristics of the cooked noodles were analyzed using a Rheometer
(Compac—100II, Sung Scientific Co, Ltd, Tokyo, Japan) and attached software with the
instrumental conditions (28) showed in Table 2. Hardness, cohesiveness, springiness,
gumminess of the samples were analyzed. The average of each parameter was determined

from 10 obtained values.

Table 2. Intrumental conditions for textural measurements

Test type Mastication test
Test mode Mode 21
Max. force of load cell 10 kg
Table speed 120 mm/min
Adaptor (plunger ) Round type (diameter 20mm)
Distance 12 mm

Cooked noodle sensory evaluation

15 participants engaged in the sensory analysis. The participants evaluated noodle color,
texture, elasticity, firmness, taste, flavor and overall acceptance with 5-point scale (1: very

bad; 2: rather bad; 3: neither good or bad; 4: rather good; 5. very good).
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Statistic analysis
Experimental results were mentioned as means * SD. Statistical analysis for One-way

ANOVA, p < 0.05 (Duncan’s multiple range test) was done by the PASW Statistics 18

software.

u}. Results and discussion

Particle size distribution
The particle size distribution of both types of flour used are shown in Table 3. The

median diameter D[v, 0.1] (i.e. the size at which 10% of the particles by volume are
smaller), D[v, 05] and DI[v,09], D are given. The results showed that particle size
distribution of wheat flour was unimodal. Barley flours had wider range of particle size
and larger volume mean diameter. These results may be due to high ability of barley bran
to shatter during milling (29), causing difficulty in producing barley flour free of bran
particles (5). The penetrating rate of water into flour is affected by particle size of the
flour and their distribution (30). Flour with more relatively fine and evenly distributed
particle size is more desirable to acquire optimum mixing, larger particle flours requires
more time for water incorporation and resulting in larger dough lumps (30). The results
predict that incorporating barley to wheat flour would cause difficulties in making good

dough.

Table 3. Median diameter of different types of flour

Mean diameter (um)

Sample
D (v, 01) D (v, 05 D (v, 09 DI4, 3] D [3, 2]

Wheat 12.52 58.34 121.11 63.45 19.69
Refined Saesalbori 9.49 49.45 184.10 75.87 16.91
Refined Germinated Saesalbori 5.85 48.52 230.19 89.57 12.96
Refined Saechalbori 5.12 60.00 230.40 92.01 11.98
Refined Germinated 6.22 57.63 239.33 95.36 13.36
Saechalbori

D (v, 0.1), D (v, 0.5), D (v, 0.9) (median of 10, 50 and 90% particle diameter) are the size of particle
at which 10%, 50% and 90% of the sample is smaller and 90%, 50% and 10% is larger; D[4, 3]
volume mean diameter; D[3, 2]: ratio of total volume of particles to the total surface area.

Analytical properties

Analytical properties of the barley flours were given in Table 4. The results showed that

there was no significant change after germination in ash, protein, lipid and color of the
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barley used.
Ash and lipid content of mixture of wheat and barleys at various ratios were calculated

using the following equation:

% Ash (or lipid) = [A x (100-b) + B x b ]/ 100

In which A: ash (or lipid) content of wheat, B: ash (or lipid) content of barley, b:

concentration of barley used in mixtures.

Addition of refined ungerminated non-waxy barley at 10, 20 and 30% elevated the content
ash of the mixture to 045, 048 and 0.52% respectively, adding refined germinated
non-waxy barley at the above concentrations resulted in ash content of 0.45, 050 and
0.54%. Ash content of mixture added with refined ungerminated and germinated waxy
barley were 0.46, 0.5, 0.55, 0.47, 0.52 and 0.58%. Due to adverse effect on noodle color, ash
content has been considered an important specification in noodle processing (26). Wheat
with 1.4% or less ass could be considered an advantage in noodle processing. Superior
quality noodle are often processed from flours of 0.4%6 or less ash. The results of ash
content in barley flour acknowledged incorporation of barley flours in wheat up to 309
would still result in acceptable ash content of barley-wheat mixture flour.

Lipid content of mixtures of wheat-refined ungerminated and germinated non-waxy barley
at 10, 20 and 30% ranged from 0.71 to 0.82% and 0.72 to 0.85% while those of
wheat-refined ungerminated and germinated waxy barley at the concentrations were from
0.67 to 0.70% and 0.70 to 0.79%, respectively. Lu et al (31) showed that excess lipid
content (e.g., 2.44 g/100 g flour) resulted in weaken noodle structure due to shortening
effect and preventing water absorption of cooked noodles. All mixtures had acceptable lipid

content.
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Table 4. Analytical properties of barley flours

Sanes - R N S
Wheat 1037 £ 019 041 = 0.01 1440 + 0.16 066 = 0.11 9315 +093 081 £003 1040 = 031
Whole Saesalbori 990 014 156 £0.12 1262 + 007 206 £ 0.06 8801 + 0.07 0.72 £ 0.00 922 £ 001
Whole Germinated Saesalbori 1026 + 025 143 + 0.01 1329 + 0.13 168 + 0.07 8866 * 0.08 131 + 0.01 1068 +0.02
Refined Saesalbori 981 £ 008 077 £ 0.03 9.87 10.06 1.20 £0.03 9118 + 260 060 £ 0.16 9.00 $0.42
Refined Germinated Saesalbori 1154 + 0.05  0.85 + 0.4 10.27 £ 0.06 128 £ 013 9365 + 033 069 + 0.02 997 + 014
Whole Saechalbori 969 £ 003 165 £ 001 1340 £ 0.08 226 + 0.05 8892 + 019 048 = 001 87 £ 0.02
Whole Germinated Saechalbori  7.12 £ 015  1.61 + 0.02 1386 £ 0.13 202 + 0.06 8856 £ 0.37 051 £ 0.02 981 + 0.02
Refined Saechalbori 1008 + 004 086 + 0.01 10.88 £ 0.18 080 £ 0.06 89.31 £ 0.71 025 £ 004 808 £ 0.11

Refined Germinated Saechalbori 1227 £ 006 097 + 001 1058 £ 009 110+ 009 9071 £ 157 031 + 0.03 886 + 045

Total phenolic content and free radical scavenging activity
Total phenolic content (TPC) of barley flours are given in Fig. 1. The results show that

compared to wheat, barley had higher TPC. Whole barley flours had much higher TPC
than refined flour group. In ungerminated barleys, refined Saesalbori and refined
Saechalbori had TPC of 1083.16 and 171341 ug/g FAE while whole Saesalbori and whole
Saechalbori had TPC of 2384.85 and 3783.39 ug/g FAE.
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Fig. 1. Total phenolic content of barley flours.

Different letters indicate significant difference at p<0.05.

These results are in agreement with Paras Sharma et al's results (23). This may be
attributed to the fact that the phenolic content are mainly located in cell walls (32).
After germination TPC in refined Saesalbori increased. In germinated barleys, refined

Saesalbori and refined Saechalbori had TPC of 1401.49 and 144255 ug/g FAE, whole
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Saesalbori and whole Saechalbori had TPC of 2402.68 and 3997.11 ug/g FAE.
Among all the flours, whole Saechalbori and whole germinated Saechalbori had the
highest TPC. Except for refined Saesalbori there is no significant difference between

ungerminated and germinated samples.

In literature, there have been various results of effects of germination on TPC and free
radical scavenging activity. Germination increased the polyphenol content and antioxidant
activity of lupin seeds (33), but significantly reduced total phenols in studied foxtail millet
(34), cereals and legumes (35).

However in our research results, there were no significance changes after germination.
This result may be due to the decrease in TPC because of leaching of the substances into
the steeping water during soaking and hydrolysis of TPC (34) and the subsequent increase
in TPC which could be attributed to the bound phenolic compounds becoming free by the
elevated activity of hydrolytic enzyme (36).

Free radical scavenging activity (FRSA,%) of barley flours are given in Fig. 2. Refined
germinated Saesalbori had lowest FRSA of 483 %. In ungerminated flours, whole
Saesalbori and whole Saechalbori had FRSA of 11.98% and 25.82%; refined Saesalbori and
refined Saechalbori had FRSA of 6.02% and 9.46%. In both types of barley flours, whole
flours had higher free radical scavenging activity than refined flours.

After germination there was increase in free radical scavenging activity found in whole
Saesalbori types while there was no significant difference in refined and whole Saechalbori
types. Whole germinated Saesalbori and Saechalbori had FRSA of 13.22% and 22.42%,
refined germinated Saesalbori and Saechalbori had FRSA of 4.83% and 6.51%. The highest
FRSA was found in whole Saechalbori at ungerminated and germinated types, followed by
whole germinated Saesalbori.

With higher content of TPC and higher FRSA of germinated barleys compared to those

of wheat, addition of barley to noodle would increase functional properties of the product.
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Fig. 2. Antioxidant activity of barley flours.

Different letters indicate significant difference at p<0.05.

Pasting properties of barley - wheat composite flours

Pasting properties of composite flour slurries as affected by types and concentrations of
barley flours are given in Table 5. Pasting temperature (PT) is the temperature at which
the curve leaves the baseline (37). While increasing substituted waxy flours and
germinated Saesalbori decreased the PT and PVT values of the slurries, adding Saesalbori
up to 30% did not make any significant change in PT and PVT.

Peak viscosity (PV) is a measurement of swelling ability of the starch granules before
rupturing (38). While adding Saechalbori decreased peak viscosity of the composite flour,
Saesalbori increased PV of the flour. These results are in agreement with Baiks et al’s
results (39) which have shown increase and decrease in PV of wheat flour added with
non-waxy barley and waxy barley, respectively. Increasing germinated Saechalbori and
germinated Saesalbori resulted in increase in PV of wheat flour. Low PV would decrease
noodle elasticity, appearance (40). Park and Cho (41) also pointed out the relationship
between smooth taste and high PV.

Disruption of gelatinized starch granules causes breakdown (BD) of viscosity (42) and
sethack (SB) is an index of retrogradation tendency of gelatinized starch (43). Adding both
types of flour to wheat increased BD and decreased SB values. This suggested that barley
composite flour added both types of barley had lower amylose retrogradation than the

control flour.

Quality of cooked noodles

Cooking properties (cooking yield, volume increase and turbidity of soup) of noodles added
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with barley flours are given in Table 6. Adding Saesalbori up to 30% decreased cooking
yield but did not raise volume increase significantly (117.867141.66%). Cooking yield
reflected water absorption capacity of noodles (44). Interestingly, noodle added 10%
germinated Saesalbori has lowest cooking yield value of 101.95% while cooking yield of
products using the germinated barley flour at 20 and 30% were not significantly lower
than the control.

Adding waxy barley did not affect cooking yield and volume increase significantly. In
noodles added with germintaed Saechalbori, cooking yield of ranged from 104.65 to 111.909,
volume increases ranged from 125.00 to 134.62%.

Increasing barley level of both types increased turbidity of the cooking water. In
non-waxy groups, noodle added with 30% germinated Saesalbori had highest soup turbidity
of 047 while in waxy groups, noodle added with 309 Saechalbori had highest soup
turbidity of 0.40, followed by that of product added with 3096 germinated Saechalbori, 0.35.

Turbidity of the soup is caused by solid loss during cooking. High quality noodles should
maintain their integrity and have low solid loss during cooking (44). Adding barley flour to
the noodle resulted in gluten dilution, hence starch particles could reach out to the cooking

water more easily and cause higher turbidity.

Dough and noodle color

The Hunter colour values (lightness, redness, yellowness) of barley noodles are given in
Table 7. In all groups, increasing use of barley flours decreased lightness of both dough
and cooked noodles. This may be due to higher phenolic content of barley flours (45).
Generally, while lightness decreased with higher content of substituted flours, redness
increased and yellowness decreased in all groups. These results are in agreement with Kim

et al's results (46) of research on noodle prepared by adding Ge-Geol radish powder.
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Table 5. Pasting properties of composite flour slurries as affected by types and concentrations of barley

Samples PT (0C) PVT (0C) PV (BU) BD (BU) SB (BU)
Wheat 6465 + 049" 914 014 33900 £ 000° 9150 + 778 18950 + 354°
. 10 6415+ 078 9130 £ 000"  35L00 + 849d° 11450+ 1202 18100 + 424
Sae@ij}’on N 6400 £ 014 9000 £ 014 38050£1200° 14100 £ 424 18050 + 495
30 6360 £ 014° 9075 + 021 39600 + 707" 15650 + 071" 17750 + 495
, S 10 6350 £ 0420 9L15 £ 071 36500 + 5667 12400 + 283 18050 + 4957
Germinated Sacsalborl o) 6105+ 092" 8985 ¢ 04 37700 £ 000° 13700 = 4A° 17500 + 14D
30 6190 042 8945 + 049" 40250 £ 778 16250 + 212° 17600 + 141°
Wheat 6465 + 049"  OL40 + 014" 33900 + 000" 9150 + 778" 18950 + 354°
. 10 6325+ 04" 9020 £ 057 33950 £ 212 11300 + 141° 17200 + 283"
Saec(%lb‘)“ N 6280+ 0285 890 + 014F 3900 £ 424° 11800 5668 15600 + 141°
30 6215007 8740 £ 08" 32000 £ 849 11900 + 778 14000 + 141"
. C 10 6260 + 042° 9005+ 007 35050 £ 353 12600+ 424" 17550 + 49
Gem“ate(%%)se‘?halbo“ N 6135 = 00F 8930 £ 028 37050 £ A9 14600 £ 424 16400 £ 141°
30 5980 £ 000° 8825 £ 049" 36800 £ 707" 14200+1273° 14750 + 212°

PT: pasting temperature('C); PVT: peak viscosity temperature('C); PV: peak viscosity(BU); BD: breakdown(BU);

SB: setback(BU). Different superscripts in a row for a parameter indicate

Table 6. Cooking properties of noodles added with different types of barley at

various ratios

Samples

Cooking yield

Volume increase

Turbidity of soup

(%) (%) ( OD at 675 nm)

Wheat 11145 + 388" 12143 + 0.00° 021 + 0.00°

10 10776 + 350™ 14166 + 0.00° 031 + 0.00°

Saesalbori (%) 20 10375 +023° 12692 + 544° 027 + 0,01
30 1099 + 270" 11786 + 505 024 + 0.01%

. 10 1019 + 367 12692 + 544 029 + 0.00"
S(jgsa“?égi?@) N 1104 £ 189 14583 + 589 029 + 003"
30 11071 £ 1200 14583 + 589" 047 + 0.00°

Wheat 11145 + 388 12143 + 000 021 + 0.00°

10 10675 + 364 12692 + 544 0.22 + 0.00°

Saechalbori(%) 20 10419 + 639 13077 + 10.88 025 + 0,01
30 11270 £ 568 13462 + 544 040 + 002"

. 10 10465 £ 295 13077 + 000 034 + 001"
Saggl’gl%gan?e?%) N 10952135 12500 + 505 033 + 001°
30 11190 + 227 13462 + 544 0.35 + 0.01°

significant difference at p<0.05.

Different superscripts in a row for a parameter indicate significant difference at p<0.05;
NS: no significance.

The results show lightness of dough were visibly higher than those of cooked noodles.
This also agrees with Jeong et al's results (47) which also found decrease in lightness of
noodle added with freeze dried garlic powder. But compared to dough, there was a similar
trend of the Hunter color values in noodles when increasing barley.

In non-waxy barley groups, at the same ratios (10, 20 and 30%), lightness of the dough
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from germinated flour was higher than that from ungerminated flour. Adding Saesalbori
and germinated Saesalbori at 10% made no significant decrease in lightness of noodle.
Compared to Saesalbori, addition of germinated Saesalbori resulted in more deterioration
(higher a" and lower b" values). This may be attributed to higher TPC in germinated
Saesalbori (1401.49 pg/g FAE) compared to ungerminated Saesalbori (1083.16 ug/g FAE).

Table 7. Hunter color values of dough and noodle added with different types of barley at various ratios

Sarml Dough Cooked noodle
amples . : . . .

P L a b L a b
Wheat 850 + 021" -LI8 £ 002 1851 007" 7910 + 216"  -253 +021" 1144+ 050°

10 8484 +015° 029005 1643 + 009" 7580 £ 250"  -1.86 +028°  1311% 0.89°

Saesalbori(%) 20 8405 £ 035 017 £ 004 1584+ 0165 7196 + 399" -120:021"  10.80+ 026"

0 82020 045002 1548 £ 0150 7053 + 148 -105 012" 993 £ 040°

10 &19 021" -042 £ 003" 1628 + 024" 7568 + 245" -163+011° 1055+ 040”

0 8461 £ 030" -007 + 006" 1559 + 0.11° 6842 + 447" -1.37 + 039% 973 + 202

0 BT 034 036+ 008 149 £ 024 6877 £ 0448 052 003 1017+ 0.06°

Wheat 850 + 021" -L18 £ 003 1851 + 007" 7910 + 216" 253 +021° 1144 +050°

10 8404 £025° -039+ 007 1646 0165 7655 293" -178 020° 1063+ 1.21°

Saechalbori(%) 20 8430 £ 031" -016 + 005 1608  015° 7301 £302°  -169 015 1137+ 065’

30 8418+ 036" 029+ 009" 1427 + 014" 6909 £ 249" -101 021" 867 + 058

10 848 046 -046 + 007 1672 + 022" 7630 £231°  -164 £021° 1275 + 0.14°

Germinated 9y 571 038" - 020 £ 007 1574 + 0245 TAI0 +340° 130 +0.11° 1115 + 042"
Saechalbori(%)

30 845+ 040" 000 + 014" 1554 + 019 7139+ 070°  -1.04 007 1141 £ 013

L" degree of lightness (white +100 <> 0 black) * a” degree of redness/greenness (red +100 <> -80 green); = b": degree
of yellowness/blueness (yellow +70 <> -80 blue); Data expressed as Mean + S.D. Means with different letters are significantly
different at p < 0.05 by Duncan’s multiple rage test.

Germinated
Saesalbori(%)

[\\)

In germinated Saechalbori groups, lightness of dough was not influenced by wheat—barley
ratios but lightness of noodles decreased with increasing concentrations. Lightness of dough
added with germinated Saechalbori was higher than that of dough added with Saechalbori.
Noodle added with 10% germinated Saechalbori and 10% Saechalbori had highest and

lowest yellowness.

Noodle texture profile analysis

Texture characteristics of cooked noodles by texture analyzer are given in Table 8 As
compared to the wheat noodle, barley noodle from both types at 10, 20 and 309
substitution ratios had significantly lower hardness (472.907372.10 g/cm® compared to 623.50
g/cm2 in control), which decreased continuously with substitution levels. Downward trend
in springiness, cohesiveness and gumminess when increasing use of barley flour was also

found. There have been also researches on noodle added with green tea powder (20), freeze
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dried garlic powder (47), Ge-Geol radish powder (46) showing decrease in hardness with
progressive level of added materials.

The dough is considered a gluten matrix filled with starch particles (48). Adding other
materials than wheat flour may cause discontinuity in the network and weaken the dough
(49). Therefore, decrease in hardness in all groups was expected result.
In non-waxy barley group, noodles added with germinated Saesalbori had higher hardness
than those added with ungerminated flour (449.507427.00 and 424.007407.4 g/cm2 n
germinated and ungerminated type, respectively). Compared to germinated barley noodle,
springiness and cohesiveness of ungerminated barley noodle had higher springiness and
cohesiveness except for noodles at 10% substitution in which there was no significant
difference.

In waxy barley group, noodles added with germinated Saechalbori had lower hardness,
springiness and gumminess values than those of noodles added with ungerminated barley
flour at the same ratios. Among the groups, noodle added with 30% germinated Saechalbori
had lowest hardness, springiness and gumminess. There was no significant difference in

cohesiveness among noodles added with waxy barley flours.

Table 8. Texture characteristics of cooked noodles as affected by types and concentrations of barley flours

Samples P%Zr/cclﬁs)s Spri?()%i)ness Cohe(s(i)/\;)eness Gum(rgness
Wheat 62350 + 3856° 10109 + 176" 677 + 1.8 27314 + 223"
10 42360 + 061 9923 + 162° 854 + 1.2 17143 + 1364
Saesalbori(%) 2 42420 + 3199 9960 + 2277 87.24 + 083 17928 + 1441°
30 40740 + 1960° R + 197 851 + 168" 16949 + 1061°
10 950 + 2967 9882 + 1917 8388 + 1.27° 19486 1627
Germinated Saesalbori(%) 20 43090 + 2338 %74 + 180 8278 + 1.4 17089 + 12.41°
30 427120 + 791 96.38 + 227 8288 + 162 17856 + 651°
Wheat 62350 + 3856° 10109 * 176" 877 + 1.28% 27314 + 227
10 4290 + 299" 9966 + 283" 800 + 148 20876 + 1464"
Saechalbori(%) 2 40859 + 1573 RT3 + 205 8142 + 133 15943 + 761°
30 37350 £ 4240° 9914 + 181" 8419 + 482 13753 + 2899
10 306.10 + 1534 9301 + 210" 890 + 1.22 16026 + 1434
Germinated Saechalbori(%) 20 39100 + 1749% 973 + 204° 8476 + 068 15294 + 841
30 37210 + 1809" 9750 + 266° B9 + 183 13564 + 15.28°

Different superscripts in a row for a parameter indicate significant difference at p<0.05

Sensory analysis

Sensory evaluation of cooked barley noodles results are given in Table 9. The results

indicate that adding both types of barley flour reduced the sensory scores of the noodles.
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Compared to instrumental analysis (TPA), the similarities in trend between firmness and
TPA hardness, elasticity and TPA springiness when adding barley to noodle were visible.
In non—-waxy groups, germinated barley noodles at 10% and 20% has higher scores in
color and firmness but similar color and lower score in firmness compared to ungerminated
barley noodles. There is no significant difference in taste between noodles from the both
types of barley flour. Noodles at level of 20 and 30% germinated barley had no significant
difference in overall acceptance from the ungerminated flour noodle samples.

In waxy group, germinated barley noodles had better color (at 10 and 20%) and texture
(at all ratios) than ungerminated barley noodles. There is no significant difference in taste
and flavor between noodles from ungerminated and germinated barley flours, but
germinated barley noodles had lower score in taste at concentration of 30%. Adding
germinated barley flour up to 10 and 30% generally resulted in higher overall acceptance
score of noodles than that of noodles added with ungerminated flour.

The results showed that using barley flours at 20% would result in acceptable noodles,
but using barley up to 30% decreased the sensory charactersitics of the product. Using
barley up to 30% should be done along with using additives such as vital gluten to ensure

the product quality.

Table 9. Sensory analysis of noodles added with different types of barley at various ratios

. . Overall
Samples Color Texture Elasticity Firmness Taste Flavor acceptance
Wheat 407 £ 070" 380 £ 101™ 373 + 046° 367 £ 082" 367 £ 072" 373 + 083" 387 + 064

10 393 +070° 393+ 046" 373 +046° 347 + 074™ 353 £ 052" 360 £ 063" 387 + 03P

Saesalbori 0 340 + 074 327+ 080" 360 + 063 287 + 083 313+ 083" 333+ 082" 340 + 063
(%) B - 8 N - o A - A o - g B - o o - fl 5 - A

30 267 +06F 293+ 080 300 +093F 293+ 0800 287 08" 280 %08 273+ 08

. 10 407 070" 387  074° 420 + 068" 400  076° 353 + 064" 340 + 063° 413 £ 052
sa%i{aﬂrﬁlgﬁte&) N0 347+ 064 340 £ 074™ 367 + 0720 333 £ 0620 327 + 0800 327 + 0960 340 + 063
30 247 + 05 260 + 0510 260 + 074 280 + 0770 280 £ 056 280 £ 068 267 + 0.7

Wheat 407 070" 380 + 101”373 + 046" 367 + 082" 367 £ 072" 373+ 08" 387 + 064

10 333+072° 360+ 106" 360+106" 333+072" 353+099° 360+091" 373+08"
0 203+ 059 313+ 074 320+ 0948 313+ 099 300 £ 1L00® 307 £ 088" 320 + 1.01™
30 267062 260+ 08 227+ 080" 240 £ 091° 260 + 08" 273+ 08Y 240 + 0.8%°

Saechalbori
(%)

. 10 380 + 077" 387 + 083 420 + 068" 387 + 064 367 072" 373+ 088 393 + 046"
Sa(e}ceﬁglll;r(l)i[e?%) N 333+ 077 360 £08° 320 £ 07P 307+ 05 313 £ 074 313 £ 07T4Y 390 = 068"
30 247 £ 074 240 + 099" 253 £ 099 240 + 07F 273+ 08" 287 + 092" 260 + 091

Different superscripts in a row for a parameter indicate significant difference at p<0.05
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Dough Properties and Quality Characteristics of Breads added with Barley Flour

7}. Abstract

This study was carried out to investigate the rheological properties of dough and quality
characteristics of breads added with Saesalbori(non-waxy barley) and Saechalbori(waxy
barley) flours at concentrations of 10%, 20% and 30% to wheat flour. Maximum viscosity
was increased in Saesalbori flour mixtures while it was decreased in Saechalbori flour
mixtures. Dough stability of 10% barley flour mixtures was equal to that of control while
that of 30% barley flour mixtures was higher decreased. Extensibility of doughs decreased
with increasing level of barley flour in all blends, but resistance of doughs increased. As
increasing the ratio of barley flour, loaf volume of breads was significantly decreased but
bread weight was increased. 10% Saesalbori flour mixtures increased the hardness of
breads but did not caused any change in the other TPA parameters significantly while
1096 Saechalbori flour mixtures did not show any change all the TPA parameters. Sensory
evaluation results showed that 10% barley flour mixtures had no significantly different
overall acceptance from control, 20% substitution still resulted in acceptable sensory
qualities. The results of the study also showed bread-making properties of Saesalbori was

improved by germination but those of Saechalbori was declined.

Key Words : barley, germinated barley, rheological properties, bread quality
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Amylograph

Ukl BEZFFE 10%, 20%, 30% H7be B 35442 Micro  Visco
Amylograph(Brabender Co., Germany)& A}F&3Fo] AACC WD) we} A3 2 &
A 12 g(FEH 14% 719)o S/ 100 mLE 7]"3]’04 z E—:%Léi T AEE SASAH
30CHEH 95CT7HA 1.5C/mine] 47 st BCTE FAstH7F 15T
/min®] A3 22 50T7HA YA #H T Torque é—@‘ﬁ%% 700 cmg oW, T 3FIfA|

v AnPEeE W AngrE S
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B
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il
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ng
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Farinograph

HEl7E A7 B8 di=o] Euld A A& Farinograph(Brabemder, Germany)S ©]-& 3}
AACC U129 wet =438t} Farinograph mixing bowls 30+0.2TC%E #FX|stE% I
o ANgEE FEIH 14% 7]soR 300 g2 ARESR A, A9 FAA
BU(Brabender Unit)ell =

=3

o

1 500

SHES B2 bdel F4E, MEIANT % YRS 2389

Extensograph
AACC WHA3) wa} H3E 300 g(gshd 14% 7155)S farinograph &3 7)o ¥ il

farinograph®] ST&Xth 2% A& 49 A5=02%) = AMEste] 1#7 &3 ohs 5zt W

A skar thA] WbES A 2HEFe] farinographe] 500 BUOl 49l FAlo] Ttz oo ule}
TrEs 249 dHbso]l Eud v 150 g9 HEES  extensograph(Brabender Co.,

o
ofrt
i
A
N
[rt
ol
Q

Aegon AP ¥

Germany) roundero] 4] 20" A o] 30+0.27TC<]
Zo| A 453, 904 B 1357 Ha Al = ZF AP Wk AR A EE S5
o AFEE) = AFHeZHYH 27149 Agd(mm), AZ=R)E 2z Hi =o](BU)E

o o]l v &S R/EE ¥A S H
BIATLE A7 A% Ax

Aol ARERE AR 7]E wiEHl= Table 13 #Zow, WArhFo] HIZFFE 10%, 20%,
30% WA HeEe Abgste] Axutsmyios s Azl WA PIFF(700 g), °]&
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E(14 g), 842 g)& ¥F=7](vertical mixer, DMJP, Daeyung, Korea)ol] ¥ il 194 18, 2
ol A 12 &tk o 71e WME (28 g), 2514 g), BAERF(21 g)5 H7lsto] 22l 6
i skt 2% 30T, AuEE 85%ClA 60 <t 1A wrEsgom 500 g A st
of T=d7] g F 2083t TP HEEA o] whsS AP WEd ¥ 2% 30C, A
T 8%l 407t 22k HEAT ol AS SlE 180T, o E 200TC 2ol A 30&1 79
WS A xS Th

Table 1. Formula for bread dough with various levels barley flour

Wheat Barley Water

Samples flour(g) flour(g) (mL)
Control 700 0 440
Saesalbori 10 630 gy 440
%) 20 560 140 460

30 490 210 470

Germinated 10 630 70 440
Saesalbori 20 560 140 460
(%) 30 490 210 470

. 10 630 70 440
Saec(izlbo“ 20 560 140 460
30 490 210 470

Germinated 10 630 70 440
Saechalbori 20 560 140 460
(%) 30 490 210 470

el F2 HIL

el ¥ P F ALelA 147 Bk WAR F SR, B $4 Adgen =
KeN

stk
ol z 27+ =28 Rheometer(Compac-100II, Sun Scientific Co., Ltd.,, Japan)S A}-&3}o]
g5, 1A, A, FHH 2 AEE SAHSIY F, AEE 12 mm FAZ ZATs

Table 2. Instrumental conditions for textural measurements

Test type Mastication test

Test mode Mode 21

Max. force of load cell 2 kg

Adaptor Round type (diameter 25 mm)
Table speed 60 mm/min
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ol WeHrbe A2olA 24X AFE WS A Av|E e Ao 2784 dol AlE
Tt ol st 18y ow Aol 9
b Z=abo] Ala} wh Z=ato]l 2z W AA A JEEE 54 AAHoR HEEE 39

o Wb 14 g g 21 g 39 wEolth 449 $uk 54 ¢ Evhe ahlrh

—

2E Ad A= PASW (Ver. 18) T 2138 o] 83}9] oneway ANOVAR EAHEA S 2
Aletdar, Zt =4 Hargk e 94 p<0.05 FFSZ Duncan® ©EHEY AW

(Duncan’s multiple range test)S AF&3Fo] A3k )

2. A3 € 1@

Amylograph Z3E4

HBl7bF 7S 29d 53 3354s 54T 2= Table 33 2o ®B3l7EF A
7F BEEY SsRA 2= Fo Fiel #ARel EF 79 I ERT v
ofxlom HBEZFF HIbEe]l &5 AR O Yol AfREY HFEe sl
Al 2E=7 A FERE B3] SRR mqtor, AR e AjF R e R dholn g
E3Eo seA =t Fol e EibEe] s Al =R o vkt Park 5(14)2 &
sPIN =7 =55 B e o T3t wmrb vropA] W] HAE oFstAl7] AL, -9
7 Fadvtn Bush AR B3] HuPEE 21150 BU~283.00 BUR thZ&<]
19750 BUE S F7tetlom WEl7bF Hrbgo] S71edas Judes o Srhssl. #
O}AH%LEFJ 3o HuHwrr wopa AR e Bt HuHERT w9k 2y AR

A

sdon wop2uel Byre AnPET} ¥

H
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Table 3. Amylograph properties of barley—wheat flour blends

Sarmle GT PVT PV
b (C) (C) (BU)

,,,,,, Control  6645007"  90.60+0.14" 197.50+6.36°
Sassalbor 10 65.25+0.49% 90.70+0.57%" 223.00+2.83°
%) 20 65.95+0.07* 90.90+0.14a 244.50+0.71°
© 30 64.85+0.21¢ 90.65+0.35" 283.00+0.00
Germinated 10 65.55+0.07™ 90.70+0.14* 211.50+0.71¢
Saesalbori 20 64.10+0.14° 90.55+0.21%" 223.50+0.71°
(%) 30 63.70+0.00° 90.10+0.14" 243.00+1.41°
Control 66.45+0.07° 90.60+0.14° 197.50+6.36°
Sacchalbori 10 64.80+0.42" 89.10+0.57° 132.50+2.12
%) 20 63.80+0.00° 87.25+0.07 102.00+0.00°
° 30 63.80+0.00° 86.25+0.07° 76.00+1.41¢
Germinated 10 64.20+0.28" 90.10+0.42%" 197.50+2.12°
Saechalbori 20 62.85+0.07 89.45+0.21™ 195.50+0.71%
(%) 30 62.40+1.30° 89.55+0.07™ 194.00+1.41°

GT : gelatinization temperature (C); PVT : peak viscosity temperature(C);
PV : peak viscosity (BU)
Different letters in the same column indicate significant different at p<0.05

Hu1dE= AWAE 5 a-amylase®] T35 dFste AREZE AMSH =Y HaAE o] =
th= A& a-amylase A =7 Hohe A dUERE, AW T Ao A W FA ] A
3F, W Fuo Z+A S #eAo] rh(15). a-amylase A EVF e FgrtEE ddsta
AR whS A AN W Hxeha ddsi Agggo] #Zu(16). S35 Y Abol=
A T obEE s 3hEFe] Aol AEJAY] A7) FE Ao], ofE R A Yo BA R o] T
of 71lsh= Aoz dEA Jut17). 53 WA= FPRYEY SR, HuE,

=
HAAAE, AFAE7F 2 S354S Hehd =), o= wAddwe] JAES Ade 72
Aol & AaHA Fa, daed dEdAsS 9

)
o
Ao thit Aol Eolxug T3 rt dditha s THT).

Farinograph &4
HE7LF H7bEgs

=5
=
NE A BgRe &

i

Mr o
e
N
]
Mo
1o,
—h
jab)
3.
=}
@]
!
=
Q)
)
=
Jm
o,

FREe watE Aglel B tjzTe] FEEFERT
Al om, Whbde]l ¥&5% FREFEE SrAT BT Artwel UG A%
A BERRn fue BERe FREFEC] O mgth we 30% BFRe £EF
TEX T74%~8B%= =79 TE5TE 6/%EY 10% °l% F7lstde=d FFT&°

H

PN

T
AR FohE S AsAA Wl Py ghsh AUF £ deh 5
Stk Wb FREFES BuAI AEN PP L AR 3w weh g Wit
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Table 4. Farinograph properties of barley-wheat flour blends

Stability
(min)

DDT
(min)

WA
(%)

Sample

600" >20'

67.0

Control

>20'
17'30”
13'30”

4'30"
510"
2'00"
5'20"
600"
600"
600"
4'20"
600"
5'40"
645"

70.0
74.0
714

10
20
30

Saesalbori
(%)

>20'

70.0

10
20
30

Germinated
Saesalbori

>20'
12"30"

73.5

784

(%)
Control

>20'
18"30"
19'10”
10"30”

67.0

71.3
75.0
78.5

10
20
30

Saechalbori

(%)

>20'
19"45”
9/30//

72.5

10
20
30

Germinated
Saechalbori

12700”
11'30”

7.8

85.0

(%)

WA : water absorption, DDT : dough development time
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Extensograph &4

B A7 eSS 93k B39 extensograph EA4S =43 Ay Table 59F 2t Al
Fee= dEzFolA 229 mm e Hste] BBV7FE H7F BgEANAE 87 mm~172 mm=z HE
%

Mjstel = grastgon Aol FARFH GAEE Avh Aune BFEe
_r“:_L g

!

2
R}
:

i Eg o T
7 AlaEge) A stde 9] fd e L2WAE sl&srIE S2soF rHE0).
webs] BEl7hRe] HrbR A ARE Hhe WS AR FHEI dE T E e oSl A

Table 5. Extensograph properties of barley-wheat flour blends (135 min)

Sample Registance(R) Extensi‘t.)ility(E) R/E

(BU) (min) ratio

Control 230 229 1.00
7777777777777777 10 290 172 18

sacsalbort 99 345 124 278

30 550 87 6.32

Germinated 10 360 162 2.22

Saesalbori 20 400 152 2.63

(%6) 30 315 121 2.60

Control 230 229 1.00

‘ . 10 250 153 1.63

baec(}j/j‘)lb"“ 20 390 130 3.00

30 490 114 4.30

Corminated 10 310 176 1.76

Saechalbori 20 420 130 3.23

(%) 30 465 113 4.12

Whsro] A= AR HIEe A9 BEE HEFE(290 mm~550 mm)oll A o Z=7-(230
1=

mm)°ll Hlgto] FrFetl=d], Fdet AR e T AFE= HIbFol SUbl weEk A

o] AS ¥ Ao x= BE EITE(250 mm~490 mm)oll A W) FZ ol H|ste] F71E o
A7 ol St rE Ade: 5 =, | EnA<IRsl
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Hl= 1.68~2.22% dix79 1.003 Hls=astd ot 20%, 30% H3HEolAs 263~6.322 A
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HB7b g T/ H7M&o e e 542 Table 63 2o tix=79 FA= 440 g, ¥
3= 1755 mLE 7Hd 2 B84 (398 mL/g)S Eith A&H e H7bel AEre Hr7t B
T H7bo] SESE FAE xR SHE vk e Ruls ZhAske] M 84S tix
THU AT AR A 10% M7 Al el gEe] Hbgel wola) R g
A7be] Ful e w& Ao e FASEA oW HTbeFe] Sketd ol R E 2] H7ttel W
3 ol ArE HIbe] Fue} Hl&A AU ok A E e A 10% TolA
2] H7hE 59 1702 mL, B84 379 mL/g= x4 AolE molx| gkgkont 1
WA b ek Bl g A2 tixTtol] Hldte] fojAow ZhAastgith. Fdolr g eh Wotn
g H7E vlawshd 10%, 20% bl s ol bl Fuef nl§x o] Ftopn
g H7be AFEY oy Fyet HEA e 4% HAE Kl 30% HIbelA s ol
B H7be} wolr g HIb b ZpolE Holx| gkt 30% #HI7FTFES extensograph 2
&0] 40 o] o m A Hlste] A
A A WskA Rsto] 7k B o] vtop
A dA ek Adet A dRkA o
2 WU AZERY HIbAteh dotrg] b wEA o] zhzh AjA R e H7bRel ool n gl
A7 o] v E A HY Zv
w7l E4E 11.92%E yetdl tixzelA 7HE 2o, Frdol A r el > dol AjE R >

wro} AlnE] > Furel AR welglth ot mBHE Wb BEEel 2

24

_—

(36)% B-2FTT} L WARTTR L HolHF G /b Aste] wEe uPge #x
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Ao) zha, wel BA F7bz ololA whel m o] Za® ol AzEh W Lo A

L e dzteh 997 Aol8 wold Bgkor} oAl gzrun olFE 42 e
o Baik(39)& Zesla ZelulEasast wEe) Hae e Fuha 95, Hung 5
UOE wele] ge dmgare] welAFe Ao FAH G /A
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Table 6. Physical properties of bread added with different types barley at various ratios

. . Specific )
Loaf weight Baking loss Loaf volume Lightness
Sample (o) (o) (L) volume (L)
g g m
(mL/g)
Control 440.40+3.68%  11.92+0.74"  1755.00+63.64"  3.98+0.11*°  73.39+2.48"

10 44895+1.06°  10.21+0.21"  1515.00+21.21"  3.37+0.06"  71.74+2.70°
20 45055191  9.89+0.38"  1315.00+7.07°  2.92+0.00" 71.72+1.29"
30 456.90+0.85"  862+1.70°  9425017.68"  2.06+0.04" 6897+3.38"
Germinated 10 457.85+1.63"  843+0.33°)  1585.00+84.85" 3.46+0.17°  73.86+3.07°
Saesalbori 20 456.10£156°  878+0.31°  149250+10.61"  327+0.01°  71.67+2.09"

Saesalbori
(%)

(%) 30  461.75+1.20°  7.65+0.24%  126250+24.75°  2.73+0.05°  69.48+2.80"
Control 440.40+3.68°  11.92+0.74"  1755.00+63.64°  3.98+0.11°  73.39+2.48"
10 458.80+0.42™  824+0.08°  1645.00+35.36"  3.59+0.08°  73.78+1.75"
. 71.32+1.86™
Sacchalbori g 451 30+0,14°  7.74+0.03' 14125042475 3.06+0.05° ;
(%)

30 467.25+4.31°  6.55+0.86° 1120.00£7.07°  2.40+0.04"  68.55+1.34°

Germinated 10  449.75£1.48°  10.05+0.30"  1702.50+3.54™  3.79+0.00" 72.36+1.56"™
Saechalbori 20 455.15+0.78°  897+0.16™  150550+7.07°  3.31+0.01¢  69.46+1.64%
(%) 30 458.25+2.33"  8.35+0.47°  1091.00£29.70°  2.38+0.08"  70.35+0.95°%

Different letters in the same column indicate significant different at p<0.05

BEsbRe) FReh Hbn gl wE we zx7 H
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B e, AR, g 9 ARAA T o4 Aol welx ergkrk 30% WrbrE
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Are daTuc S/ Bepdue ke Fuep Zuel Hrbrel kel we

g, e84 R Axw ot Fadh v SR RS AA Srhste] A AR
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Fel Tt Chat(42)¢} Eskin(43) 9]

gl = 4] 7]
AR n= gclog wo| =i Stuk y|Fo duaAn " Ry So] gy y]Eo] o
gy e Byyl 33 g go] F7bste] At voa skt Jung 5(44)S we] =

o JFE WAL A% F sl FRFF| ¥2ET FHFHT Rrelgv] Wl wohE

Nl

Table 7. Texture characteristics of bread added with different types barley at various ratios

Springiness Cohesiveness  Gumminess Brittleness Hardness
Sample 5
(%) (%) (g) (g) (g/cm”)
Control 94.53+1.74% 85.00+2.83% 127.66+19.40° 11552.95+1516.96% 84.82+18.32°
10 93.26+0.45"  81.23+2.24™  189.45+32.92°" 17671.14+3083.45" 117.60+18.20"
Saesalbori be b b b be
%) 20 90.83%£2.11 76.67+3.98 254.73+54.77° 27825.17+9653.76° 158.00£30.12
(0}

30 8373+197  70.15+1.29°  548.86+72.74°  45841.75+4985.40" 341.00+39.06°
Germinated 10 93.67£1.76"  84.08+4.75"  169.67+44.93% 15845.99+4005.61° 125.00+20.40°
Saesalbori 20 92.11+3.34"  81.92+648"  217.08+3557"™ 20018.39+3553.78° 138.00+20.77"

(%) 30 89.18+0.71°  78.01+2.13"  240.66+23.81"" 21456.58+2019.52" 169.25+7.32"
Control 9453+1.74*  85.00+2.83"  127.66+19.40° 11552.95+1516.96° 84.82+18.32°
10 90474232 81.08+2.84™  155.96+20.00™ 14109.28+1821.06™ 100.32+13.57™

Sacchalbori o, 94091068 77074367 142.15+20.17%  13218.24+1682.80% 106.80+14.20"
(%)

30 87.72+5.63™  80.68+9.61"  209.09+63.24"  18076.64+4441.09° 179.00+15.72°

Germinated 10 91.61+1.83"  81.11+4.21"  169.04+47.00™ 15238.09+4091.04™  83.99+13.33°
Saechalbori 20 89.40+3.29™  76.65+6.33"  205.98+86.88"  18205.76+7003.27" 119.22+39.84"
(%) 30 84.98+0.83°  71.89+1.89°  296.63+23.70° 25195.34+1813.38" 166.18+12.29"

Different letters in the same column indicate significant different at p<0.05
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HEl7b 7] /R A& mE wef #5HA 23+ Table 83 2t Aj&H o] 45
10% oA u el H7bw 93, 10% wolAjadn e H7hgv A A= ok v
7He WERAIRE YA o M= et 94 ZpolE HolA Fokv 2y 30% HIHT
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@, &ael A, QolAe] 745 W AwAel JEEE delgane APt o Fe Wt

MFu e A 10% HATFE RE GBI BET FoHQ AolE molx gk
200 b Hue HATE T QAN B thETsh FolE molA g 9
W ae] A7 W S A W AL JEEE gaTel vl ofgk gastadAw A
WA JEER B u 10% AR A7hTsh FolE melx gkeh. 20%, 30% ok u
Bol A izl va e WEE wsh
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-

Avqow W o] zAZA A 2
Aolg wYEd ol HBUFE AT weH A % A% Fbs pAw Ase 4z
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Table 8. Sensory scores of bread added with different types barley at various ratios

Sample Appearance Flavor ‘cce;utrl?rz Crumb color ?e/[eollilr?gl ac(c)glaetrjrlllce
Control 460£051*  353+0.83"  4.27+059"°  4.47+0.64°  3.93+0.70°  4.25+0.70°
o 10 371200 B4711F 382087 421081 ASSH093 35001067

(50) 20 2.85+0.89° 297x0.87"  3.18+0.88¢  3.15x0.86"  3.26+0.97"  3.09+0.97°

30 1.71£1.219  232+098"”  2.35+0.99°  2.18+0.95° = 2.82+1.07°  2.29+1.16°
Germinated 10 4.09+0.83""  3.44+1.09°  3.68+0.81™  4.09+0.67*  3.76+0.66°  3.91+0.71"
Saesalbori 20 3.62+0.99"  3.21+0.92°  3.09+0.67%  3.06x0.75°  350+0.87"  3.32+0.92™

(%) 30 347+1.12" 294+1.14™  3.03+0.76°  2.82+0.73"  2.79+0.88"  3.09+0.71°
Control 460£051*  353+0.83"  4.27+059°  4.47+0.64°  3.93+0.70°  4.25+0.70°
10 4.40+051*  353+0.99" 393059  4.27+0.70*  3.93x0.70°  3.86+0.66™
20 347+0.74"  3.07x059"  347+0.74™  347x064"  3.87x0.83"  350+0.52™

30 2.33+0.89°  3.00+1.07" 2.80+0.86% = 247+1.06° 2.80+1.01°  2.43+0.85

Germinated 10 4.20+0.68"  3.67+0.72"  3.87+0.83"  4.07+059°  3.93 0.88"  3.79+0.67"
Saechalbori 20 3.20+1.01°  2.73+0.96"  3.13+0.74°  3.13+0.64°  3.13+0.74°  3.07+0.61°
(%) 30 2.07+0.88°  267+1.05°  233+1.18°  227+1.16°  227+1.10°  2.21+1.05°

Saechalbori
(%)

1: very bad; 2: rather bad; 3; neither good or bad; 4: rather good; 5: very good
Different letters in the same column indicate significant different at p<0.05
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Quality Characteristics of Traditional Kochujang with Sweet Barley as Starchy
Source

7}. Abstract

In this study, we investigated the manufacture process of traditional kochujang with
the addition of sweet barley as starchy source. Three kinds of kochujang added with
glutinous rice, barley and sweet barley were made and the optimum mixing ratio of
each kochwang were investigated. In addition, we examined the quality changes of the
three kochujang during their 150 days' maturation stage. Glutinous rice kochujang
showed the highest moisture (41.3~42.7%) at the early fermentation stage. However,
the moisture of barley kochujang increased with the fermentation process and
presented as the highest one in the later stage. This change of moisture was
considered as the result of the degradation of various nutrition compounds by enzymes
which were secreted by the microorganisms in the kochujang, as well as the
metabolism of reducing sugar which induce water in the process. As to the reducing
sugar concentration, the glutinous rice kochujang contained 20.3% reducing sugar
which was the highest among all and followed by sweet barley kochujang and barley
kochuwang which were 19.2% and 17.8%, respectively. During the fermentation
process, the reducing sugar concentration reached its peak at 16 day and decreased
in the following days. According to the acidity and pH, the sensory evaluation result
suggested kochujang added with glutinous rice and sweet barley were more acceptable

than the one added with barley starch.

Key words : kochujang, sweet barley, quality, starchy source
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Table 1. Formula for the preparation of kochujang

Ingredients Ratio (%)
Starchy source 17
Red pepper powder 20

Meju powder
Malt powder

Salt 8
Water 42
Total 100
Starchy Malt
SoaLing Soa Ling
Crus|hing Extra|cti ng

| |
Steaming |

| Extract Residue
|

I
Mixing
|

Saccharify

Cecling

Salt Red pepper powder

Mixing
Fermentation (150days)
|

Kochujang

Fig. 1. Procedure for the manufacture of kochujang
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Fig. 3. Changes in pH of kochujang with various starchy source during fermentation
-B- : control 1(barley), -A- : control 2(glutinous rice), -€- : sweet barley

Titratable acidity
{0.1N NaOH)
co

0 30 60 a0 120 150
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Fig. 4. Changes in titratable acidity of kochujang with various starchy source during fermentation
-B- : control l(barley), -A- : control 2(glutinous rice), -€- : sweet barley
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Fig. 6. Changes in reducing sugar content of kochujang with various starchy source during
fermentation

-Hl- : control 1(barley), -A- : control 2(glutinous rice), -4~ : sweet barley

TG 93 AT 2FSE 28x10°~50x10° cfu/g ©] QO (Fig. 7) A4 7])7ke] A3t
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24 24 90974 107 cfu/gE FAFTE BI(2829)9 1AL
3714 Ao Wy dukslx] = AL

Total aerobic bacteria
counts[log{cfu/g)]

0 30 60 90 120 150

Fermentation Time (days)

Fig. 7. Changes in total aerobic bacteria of kochujang with various starchy source during

fermentation

-B- : control 1(barley), -A- : control 2(glutinous rice), -4- : sweet barley
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Table 3. Changes of sensory evaluation of kochujang with various starchy

source

Various kochiujang added different starch

Attributes

SB
3.5+06
3.7+06
4.0+0.7°

GR

3.7+0.7
3.7+0.6
3.310.6"

3.4+05°™
3.6+05™

Color
Flavor

3.6+05"

Texture

3.7+0.7°
3.9+0.7

3.9+0.6

3.3+0.7

Taste

Overall acceptance
VB : barely, GR : glutinous rice, SB

2)ns

4.1+06°

3507

| . sweet barely
not significant. ® “Means with the same letter in column are not significantly different at

p<0.05 by Duncan's multiple range test.
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A3 A GHEE o] &3 ARME R FE AFANE AT
1. RIS o] &3 JFAsE AFAE

7h As 2y

(1) 34 <=

3¢9 w#ZF [(Landrace x Yorkshire) x Duroc] AM = 475 sAleke] 33 B -2
ok 15cm #1 Aol T-cannulag & &4 F=7|HS o] &ste] HAAsHATt T 16-20A s <t
A2l 3 Stresnil (Janssen Pharmaceutica, Belglum)TJr Zoletil 50 (Virbac Laboratory, France)
< o] &3t mH & FaEs HAASAY Fe F 26T FAEE giAF AolAd AR o,
A 10979 3577k AR

— 4

2) AESE B AT

AEMAA AT Hat 3056+0.78kg ©1Uth AlF AAIE=1) VAWIO (xR 10% $HFAF
7), 2) VAW20 (927 20%3HrALR), 3) BI0 (BrE 10% FrAtzR) 2 4) B20 (5REY
20% 3GALR)E F 4x 8 ZM 4x4 Latin square W o2 A A &%t}
FIr 23E&S FAHNY] Akl AFREYW AAIER 02%9 Cr2035 H7F wigstdoh AlE+
of &2 Armstrong % Mitchell (1955)0] A& Wijel] web 0.05xBW0.9AILEste] 19 23] 9

P

A= (08:00, 20:00) Folsti o, & zf-2o] mpa = A AT

J
=2
2g ARt AW £38S BARAT, 6727 2
SPUd HEE SRALT, LE AL AOAC (199509 a1

(4) FAA =
BE A=+ SAS1996)e] General Linear Model procedureE ©]-83l¢] Duncan’s multiple

range test(Duncan, 1955)2 A &|3slo] 2] 7-7ke] Fod& AAsA T
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4. 2 3

() & 2 84 2as

FAEel vuel % BR FEd FolA B HA4Lsge) WA Gl veke] table 1
of GETh By ashgel A Az P AolE e A ergron), 94 satgdAE Az
T2 2ol E YA &t (P>0.05).

(2) 37 ofm =AF A3hE
A= dHE 4 FHe FEE FoA W ofbn| At AstEel m A= g st
table 29 YEeEMH AT 4= obn| Ak A phenylalanine, threonine, valine< VAWI10A 2|7}
g Aol vs) HE =& S UEAT (P<0.05). H g ofm=4kel A alanine,
asparagine, cysteine, glutamine, glycin® proline VAWI10A & 77} tt& A g7 Hla] 7%
2 TS YERATHP<0.05). wekbA, VAWI0AH 2l +7F th & A2l o] ul&] ofv:=4F 48}
oA 7M1 =& A234E YERHAT

Table 1. Effects of barley on nutrient digestibility in growing pigs'

Item (%) VAW10? VAW20* B10° B20° SE*
Feces
DM 76.4 75.7 76.6 73.1 1.71
N 75.1 75.4 74.3 734 0.72
Energy 745 76.0 75.5 739 1.67
Ileal
DM 63.1 68.7 67.7 66.1 156
N 66.9 67.2 675 65.6 153
Energy 70.7 705 69.5 68.9 1.34

"nitial BW 30.56+0.78 kg.
“Abbreviation : VAW10, @12 10% 3HAFE; VAW20, @12 20%35A5; Bl10, 2127 10% 3
SALE; B20, EXE 20% SF4ALE

% Pooled standard error
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Table 2.Effects of barley on ileal amino acid in growing pigs1

Item (%) VAW10* VAW20* B10* B20” SE’

Essential AA
ARG 77.3 76.3 75.9 73.3 1.59
HIS 773 74.9 73.3 72.3 152
ILE 67.7 64.3 63.7 63 1.31
LEU 70.4 63.8 63.1 67.1 0.92
MET 70.9 70.7 70.3 70.1 0.91
LYS 734 71.1 63.7 67.4 2.47
PHE 729" 713" 70.3° 69.6 0.57
THR 67.3° 66.0°" 65.7" 65.0° 0.62
VAL 70.7° 69.7°" 63.0°" 67.3° 0.88

Non-essential AA
ALA 67.2° 66.6™ 66.0™ 65.1° 0.29
ASP 64.8" 634" 61.6™ 60.9° 0.59
CYS 67.9° 66.9°" 65.8" 639 1.05
GLU 79.7° 78.0% 776" 76.1° 0.85
GLY 63.9° 63.1°" 62.6" 62.1° 0.47
PRO 66.7° 65.4° 64.9" 63.4° 0.48
SER 64.9 63.6 63.4 64.1 0.54
TYR 66.2 65.4 64.4 64.3 0.93

"nitial BW 30.56%0.78 kg.

*Abbreviation : VAWI10, 122 10% FHo-ALE; VAW20, TR 20%3As; B10, Bx2E 10% 3
FALS; B20, TR 20% FHALE

* Pooled standard error.

ab,c

Means in the same row with different superscripts differ (P < 0.05).

2. @RE FEE F9E T HSE AEAE

39 wFE (LandracexYorkshirexDuroc) Hl &= 9675 FAISHA L, Al AAl As
61.68+1.27kgel o™, ALYAIE L 1053 HAeAT. Ay 1) VAWO (Basal diet), 2)
VAWI10 (Basal diet + 10% VAW) 3) VAW20 (Basal diet + 20% VAW) % 4) VAW30
(Basal diet + 30% VAW)Z 442, A2l 65t vk 454 Qloju)x] 3%,

AgAGe aFgstm AGEFl A AAFGOM, B AFFFNE ol §dte] Afzol v
o
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(7} oA, d-AEAAE B AlRES

AF D Am AABE A AN 57 B BEAN FRee ADEA, IIAEHAY

gst7] flsto] 559 Al SR FErAAMeR AfFHsA e, &

) = 3)S ALEW 0.2% H7Feki ﬂiAh wol 7Y S :
AHZ B 60T EFRRANAM 7247 A2AZ & Wiley mill2 2 ato] 2o o] &3}
Aok AbRe] ARy FAERZ £3E Cre AOAC1995) AAE W] os #4319
=3

a3 AsteA Arbs 559 FEAlC 2 AT evtelE oY Ao A4
tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ)& ©]-&3}
AF k] 4TNA 3,000 rpme & 1537F Al Egste] S EA40 o] &5ttt As A
2 71(ADVID 120, Bayer, USA)ZE o]-&3to] WBC (white blood cell), RBC(red blood cell) 2
lymphocyteE ZAFetGth 88 32 enzymatic colorimetric method(Allain et al.,, 1974)l
9]s}oq, total cholesterol< total cholesterol 7 AFA]¢F (Boehringer Mannhein, Germany)ell W+
SAA A5 AsE EA7] (HITACHI 747, Japan) & o]&3le] ZA3tth IgGe} glucoses
Nephelometry W © 2 Nephelometer (Behring, Germany) 27| Al & o] &3}o] #4314

(2h) EAA =
BE A5% SAS (1996)2] General Linear Model Procedures ©]&3to] FAHEA S A A}
AL, ool & 49 Duncan’s multiple range test (Duncan, 1955)2 2] 3t 7ke] =}o]

= P<0.05°1M HAAsidt.

A 3

1) A4

SR (VAW) AR FoA nSEe] Aol mxe 9ge ¥
G ADARAHD D AREEAN 057, 5710F 2 AAA L)
Ql Aol & wolX kT (P>005).
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Table 1. Effect of VAW diet on growth performance in finishing pigs1

Items VAWO VAWI10 VAWZ20 VAW30 SE’
0 to 5 week
ADG, g 705 726 746 745 21
ADFI, g 2,192 2,213 2,226 2,231 50
G/F 0.322 0.328 0.335 0.334 0.010
5 to 10 week
ADG, g 794 827 830 823 34
ADFI, g 2,582 2,617 2,625 2,655 128
G/F 0.308 0.316 0.316 0310 0.022
0 to 10 week
ADG, g 750 T 788 784 21
ADFI, g 2,387 2,415 2,426 2,443 79
G/F 0.314 0.322 0.325 0.321 0.014

'Abbreviation: VAWO (Basal diet); VAWI10 (Basal diet + 10% VAW); VAW20 (Basal diet +
20% VAW);, VAW30 (Basal diet + 30% VAW).

’Pooled standard error

(2) L& 23E
SR (VAW) ALE FofA] H§E9] JFh hghgo vX= d3F2 & 29 HeERYdITh
=, Ao g Ay LdkeolA 55k FRAI0F) Aol FoAQl AolE BolA sk

t} (P>0.05).

Table 2. Effect of VAW diet on nutrient digestibility in finishing pigs'

Items, % VAWO VAWI10 VAWZ20 VAW30 SE’
Dry matter

5 week 73.44 75.55 74.76 74.55 1.85
10 week 72.36 73.95 71.30 75.92 1.60
Nitrogen

5 week 71.85 73.13 67.50 69.68 1.71
10 week 72.10 69.48 69.01 71.66 1.96
Energy

5 week 74.43 76.31 74.38 74.54 0.87
10 week 73.42 7412 74.32 76.64 1.64

'Abbreviation: VAWO (Basal diet); VAWIO (Basal diet + 10% VAW); VAW20 (Basal diet +
20% VAW); VAW30 (Basal diet + 30% VAW).

“Pooled standard error
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3) &4 54

GHF(VAW) Als 5ojA] BlSEe] dd 546 nx= &2 3 3o Yetdidnh @
Total  cholesterol> F 5 A(105) =, VAWO A&7} VAW30 A2 TRt fFo)8oz =3k
tHP<0.05). 28}, EH W Glucose, IgG, RBC, WBC % Lymphocyte $FaFoll A /WA A], 55
R FEAA0F) BF A1kl fFo40 2ol & Hol#| skt (P>0.05).

Table 3. Effect of VAW diet on blood characteristics in finishing pigs1

Items VAWO VAWI10 VAW20 VAW30 SE’
Total cholesterol, mg/dL

0 week 9 92 92 94 3

5 week 93 88 83 88 5

10 week 114° 102 97 91° 5
Glucose, mg/dL

0 week 65 62 63 64 2

5 week 67 64 65 68 5

10 week 63 63 66 70 4
IgG, mg/dL

0 week 790 762 862 858 66

5 week 947 986 1,047 1,037 97

10 week 1,057 1,147 1,175 1,180 74
RBC,

0 week 6.13 6.29 6.18 6.24 0.20

5 week 6.21 6.31 6.38 6.47 0.18

10 week 6.35 6.44 6.99 6.89 0.19
WBC, 10/mm

0 week 16.68 16.72 16.66 18.96 1.32

5 week 16.70 17.94 17.52 19.13 1.49

10 week 16.91 18.53 19.12 19.45 1.08
Lymphocyte, %

0 week 56.97 55.75 55.50 49.83 2.31

5 week 57.65 56.83 60.88 54.30 2.71

10 week 58.90 57.88 63.83 54.73 3.27

'Abbreviation: VAWO (Basal diet); VAWI10 (Basal diet + 10% VAW); VAW20 (Basal diet +
20% VAW);, VAW30 (Basal diet + 30% VAW).

’Pooled standard error

*PNeans in the same row with different superscripts differ (P<0.05).
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(4) 011 L_ET/H

A}M grEe] H7F S Ee] 2 A mAE 4 Table 40 YR ATE &4 €]
Z(Lxel doA VAWO A7 VAW20Z VAW30 A9 vHlulste] fFodoz =A

b}E‘r FTHP<0.05). =3 B 9dojE VAW30 877 VAWO0SH VAWIO =879 H

Wk fojHoz =A el THP<0.05). 28y #HeAl, S A E(ax), A (bx),

7vEzkE, pH 9 SAHAA Qo= o410 Aol & Holx| 2 ktHP>0.05).

Table 4. Effect of VAW on meat quality in finishing pigs'

Items VAWO VAWI10 VAW20 VAWS30 SE*

. 3
Sensory evaluation

Color 2.58 2.74 2.63 2.67 0.148
Marbling 2.13 2.17 2.15 2.20 0.131
Firmness 1.85 1.79 1.82 1.81 0.157

Meat color’

L"(lightness) 56.55" 55.42" 53.18" 51.86 1.436
a’(redness) 15.70 15.40 16.37 15.64 0.215
b*(yellowness) 7.34 7.28 717 7.25 0.387
Cooking loss, % 23.47 23.25 22.84 23.65 0.418
pH at 24 h 5.73 5.68 5.74 5.76 0.054
WHC’ % 41.27° 4231 44.80° 46.50° 2.015
LMA® cm® 41.46 42.24 42.07 41.45 0.689

' Abbreviation: VAWO (Basal diet); VAWI10 (Basal diet + 10% barley); VAW20 (Basal diet +
20% barley); VAW30 (Basal diet + 30% barley).

? Standard error

3 According to the NPPC (2000) that is determined on a freshly—-cut surface on the color
scale of 1 to 5), Firmness (3 or greater on the scale of 1 to 5), Marbling (3 or greater on
the scale of 1 to 5).

* Lx indicates lightness, a* indicates redness, b* indicates yellowness.
> Water holding capacity.
% Loin muscle area.

*> means in the same row with different superscripts differ (P<0.05).
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(5) AA4 B
gne A7) s
HAY, F ARE 2 FAEE/E
A AR GAEE
A A3g n

=] AAA n A= GEFES Table 50 YEHHAT ARG & AR
SA el QoA drE] Hrte| wEk FrhskYch ok
CON AHAZTE 10002 HoS w dHale] Hrlges F7hd wel o}

Table 5. Effect of VAW on economic evaluation in finishing pigs1

Item VAWO VAWI10 VAW20 VAW30
) 450+(800x10%6) = 450+(800x20%6) = 450+(800x30%) =
Feed cost, ¥/kg 450
530 610 690
Total feed intake, 2.387kgx70day 2.415kgx70day 2.426kgx70day 2,443kgx70day
kg = 167.09 = 169.05 = 169.82 = 171.01
450wonx167.09kg 530wonx169.00kg 610wonx169.82kg 690wonx171.01kg
Total feed cost, W
= 75,191 = 89,597 = 103,590 = 117,996
. ) 0.750kg x70day 0.777kgx70day 0.788kg*x70day 0.784kgx70day
Total weight gain
= 52.50 = 54.39 = 55.16 = 54.88
Total feed cost /
Total weight gain, 1,432 1,647 1,878 2,150
W
Feed value index 100 115 131 150

' Abbreviation : VAWO (basal diet); VAWI10 (basal diet + 10% VAW); VAW20 (basal diet + 20%
, VAW); VAW30 (basal diet + 30% VAW).
> VAW cost : 800%W/kg

ANPAY, dRE e FEE Fod E vsEe
*é o Z37F vehA
of vla wreEle] Fo7t AAA o

Aol A v A7)t SR
of mE Aad B AAAl

2] &=

o]
WolAtt A} g,
o] A3}E wigow sol, wu(10% F7hel Folv]
Aol el Srobm Al ek
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3. 2R Fo7|zte] & HSE AFAE

1) ANEsE 2 AIFAA
39 wFF (LandracexYorkshirexDuroc) BlS= 144575 FAISEA L, AlE MAAl Als2
1.68+1.27kgol A o™, ALFAIE S 8F3F HAAIstAth. A2+ 1) CON, (Basal diet, ¥ #

HEALE o]), 2) VAWL (Basal diet + 10% VAW, H| S 7|7 @R s F9)

N

713k
3) VAW2 (Basal diet + 10% VAW, H]5%7] 453 GRALE Fo)&E 342, A=d 123
B 0BT 45 QoA s

AGA T BEhEE A E el Ao, e AERFIE ol &3te] Afrol o
o

Ob AFEAL, ALAIRAALE L ARaE

i

N
>1E
>
>
Al

4571 $13%] 5794 N8 FRAA B4R ARG, £

AHI BE 60C EFAZ7] A 727\] 3:7\17] Wlley millZ Fsle] Ao o]&3}
Atk A= %l‘ﬂ*é%iﬂr FAER 89 Cr& AOAC199%)9] AAlE ol o8] #2313

A= AlE 4579 FEAA 2 AT 6vtElE Ao Awste] BA WA KsEDTA
Vacuum tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ)& o]&3}o] & of
S 2 ml AFH F AT 447 (ADVID 120, Bayer, USA)E o] g3t WBC (white blood
cell), RBC(red blood cell) 2 lymphocyteE ZAFsISIth 3 A3t HAAFE 98] Vacuum
tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, N])& o] &3te] &S 5 ml
AH F 4TolAd 3000 rpmoe=z 15837 AR, 4SS B3 F  enzymatic
colorimetric method(Allain et al., 1974)o] <Js}lo] IgGet glucose™= Nephelometry Wi o &
Nephelometer (Behring, Germany) #27] A& o]&-3}o] #4313t}

() F2E54

4 A A& s
(M.longissimusdorsi) & &3 3 £3Att. S-S Chromameter (Model
CR-210, Minolta Co., Japan)E& AF-&3Fo] ZF sample 3 53] WHE-3slo] =A 351t} ojuf T4

)
i
Ho
amd rlo
k1
Hye
4c+
o~
(@)
o
o
kl
=2
)
~
>
=
X
o
o
(T
=8
2
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L# (lightness)=89.2, a* (redness)=0.921, b* (yellowness)=0.783°2.2 3}ttt #5 A=
At flo]l Faatgl ow, NPPC (2000) 71&<tell & 2452 &4 (color: 1-5), WA
marbling: 1-5), 4% (firmness: 1-5)& ZAFsIA . 2422 Hofmann & (1982)<]
=4]3}o] planimeter (X-plan, Ushikata 360d1l, Japan)® WA S 3} S ¥HAS
T WASE v o= ®EAEAT %9 pH #e =4 F &
(Istek, Model 77p)& AF&3sto] SAHsGt SAHAGHHAY S S4le] @S OHP

o Ao EYE =AY, A7) (MT-10S, MT precision, Japan)E ©]-&3}
Aottt 7t =S AEE AT BYor AYsto FAE

aL ol A 30

o

o~

¥ of oL i o
T o (1 o flo

, polyethylene bag
T Al FAE
SAstAt A A (drop loss)> AEE 2em T8 AT ERYoE BY
polyethylene bagoll Yol 4C WAAdolA 747 BastdA 19, 3¢, 59 2 79 & &
s SAsA

Y .{01.

&

(mh) EAA =

BE ARE SAS (1996)2] General Linear Model ProcedureZE ©]-83fo] EAHEA S A A3}
AL, F9A4ol S 7% Duncan’s multiple range test (Duncan, 1955)% @] 317

£ P<0.05° 4 #Hgsk3d

tod w

(1) A2

SRI(VAW) AP 71708 FelAl mgEe] Aael mAE dFe E 1o tehiich o
GEAY, INRHAY L AREEAN 04T, 48F 2 AAA D7 B APkl
o4l Aol F Holx ekskeh (P>0.05).

Table 1. Effect of different feeding period of VAW on growth performance in finishing pigs1

Items CON VAWI VAW2 SE?
0 to 4 week

ADG, ¢ 847 876 846 19

ADFI, ¢ 2,627 2,557 2,514 65

G/F 0.335 0.343 0.337 0.006
4 to 8 week

ADG, g 902 944 971 26

ADFI, ¢ 2,806 2,964 2,965 66

G/F 0.321 0.318 0.327 0.008
Overall

ADG, g 875 910 909 14

ADFI, ¢ 2,667 2,761 2,740 29

G/F 0.328 0.330 0.332 0.006

' Abbreviation: CON, Basal diet; VAWI, Basal diet + 10% VAW (08 weeks); VAW?2, Basal
diet + 10% VAW (4™8 weeks).
? Standard error
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(2) Y 23H&

SR (VAW) Als 7130 FoJA] Bl =9 Fdh
ATk A=, Aa F oAy A &stEoA 4579

g ekt (P>0.05).

Table 2. Effect of different feeding period of VAW on nutrient digestibility in finishing pigs1

Items, % CON VAW1 VAW?2 SE’
Dry matter
4 week 78.04 78.45 78.74 0.22
8 week 75.86 76.11 76.32 0.33
Nitrogen
4 week 77.22 77.63 77.94 0.66
8 week 75.64 75.95 75.70 0.16
Energy
4 week 76.57 76.76 76.95 0.15
8 week 75.30 75.57 75.77 0.20

' Abbreviation: CON, Basal diet; VAWI1, Basal diet + 10% VAW (08 weeks); VAW?2, Basal
diet + 10% VAW (478 weeks).
? Standard error

3) g 54

SR (VAW) AlE 71708 FofA] v &= d9d 5o v+ dFS x 3o eyt

g Y Lymphocyte st T 5A(8F) w, CON A7} VAW1 A FEHT Folxoz

=9kt (P<0.05). IgG 3ol ol ® 4FAto]= VAWL A2l +7F CON AgFrth =4 o
Wil (P<0.05), 8F Aol ©rRE 7 Fo99 VAWIZ VAW2 A2l 57F CON A2 Fru} =

A YER T (P<0.05). 22y, g9 U] WBC, RBC ¥ Glucose HaFoll A 45 2 8F o] B5F

A Fzkel o141 Aol E Holx gkl (P>0.05).
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Table 3. Effect of different feeding period of VAW on blood characteristics in finishing pigs1

Items CON VAWI VAW?2 SE?
WBC, 10%/mm
4 week 14.76 15.20 1459 1.04
8 week 20.46 20.76 20.62 1.62
RBC, 10°/mm
4 week 6.70 6.38 6.69 0.14
8 week 6.90 6.61 6.77 0.15

Lymphocyte, %
4 week 66.56 61.12 65.22 2.83
8 week 65.26° 59.52" 61.88" 1.20

Glucose, mg/dL

4 week 76.8 774 76.2 4.3
8 week 83.6 78.2 78.0 5.0
IgG, mg/dL
4 week 793.2° 928.8" 811.8" 19.3
8 week 799.8" 1013.2* 942 4 422

' Abbreviation: CON, Basal diet; VAWI, Basal diet + 10% VAW (078 weeks); VAW?2, Basal
diet + 10% VAW (4™8 weeks).

? Standard error
*> Means in the same row with different superscripts differ (P<0.05).

4) 4 54

SR (VAW) ALs 7|30 FoA] Hl&=9] §4 54 vx= &2 Table 490 e
S0 AL (bx)e lojA VAWL A2 7+7F CON A 7-Hth BHA YeRRth (P<0.05).

e kel Ao AL VAWIL A2l +7F CONZF VAW2 A2 Rt =4 vERgal (P<0.05),

WA EE VAW2 A 2]77F CON A2l 7x o =4 eyt (P<0.05). ey Aol 1o

M AT obrd AolE HolA gttt (P>0.05). Al QoA 143 549A

VAW1 A Z]7F CON A rt $A vebg= vk (P<0.05), 3°W+ 7AYol = Ae 7t ob

-

A Fo] 49 2olS HolA &t (P>0.05). 2eiuh S WE (Lx) B A% (ax), 7t4zt
%h pH SAGHA 2 B5go glojas Fo4<l ol s EO]XI 2 SFTH(P>0.05).
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Table 4. Effect of different feeding period of VAW on meat

quality in finishing pigs'

Items CON VAW1 VAW?2 SE’
Sensory evaluation®
Color 1.97° 2.17° 1.83" 0.05
Marbling 2.08" 2,24 2.38° 0.07
Firmness 1.95 1.87 2.05 0.09
Meat color’
L# (lightness) 57.06 54.71 57.96 1.06
ax (redness) 1861 18.44 18.78 0.28
b= (yellowness) 12.63° 10.41° 11.56™ 0.56
Cooking loss, % 28.90 29.4 27.25 0.69
pH at 24 h 5.72 5.71 5.69 0.08
WHC” % 60.40 5893 56.24 2.93
LMA® cm?2 51.36 52.92 51.79 0.76
Drip loss, %
1d 8.70° 467 6.67" 1.10
3d 14.87 11.26 13.01 1.38
5d 17.09° 12.15° 13.89% 1.35
74d 1754 16.01 15.24 1.47

' Abbreviation: CON, Basal diet; VAWI, Basal diet + 1026 VAW (0™8 weeks); VAW?2, Basal
diet + 10% VAW (4~8 weeks).

? Standard error

3 According to the NPPC (2000) that is determined on a freshly—-cut surface on the color
scale of 1 to 5), Firmness (3 or greater on the scale of 1 to 5), Marbling (3 or greater on

the scale of 1 to 5).

* Lx indicates lightness, a* indicates redness, b* indicates yellowness.
° Water holding capacity.

6 .
Loin muscle area.

> Means in the same row with different superscripts differ (P<0.05).
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Table 5. Effect of different feeding period of VAW on economic evaluation in finishing 10igs1

Item

VAW2

Feed cost, W/kg”

Total feed intake, kg

Total feed cost, W

Total weight gain

Total feed cost /
Total weight gain, W

Feed value index

2.667kg*56day

460wonx149.35kg =

0.875kgx56day

460+(800x10%) = 540

2.761kg*x56day

0.910kg x56day

H0wonx14.61kg

460
460+(800x10%) = 540

2.514kg*28day=70.39
2.965kg x28day=83.02

460wonx70.39kg=32,379
540wonx83.02kg=44,831

0.846kg x28day=23.69
0.971kg*28day=27.19

1,367+1,648=1,507

107

' Abbreviation: CON, Basal diet; VAW, Basal diet + 10% VAW (0~8 weeks); VAW2, Basal

diet + 10% VAW (4~8 weeks).

® Standard error

> VAW cost : 800%W/kg
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