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Effect of Enzymatic Hydrolysate of Laver Pyropia on the Dough and
Bread Making Properties of Wheat Flour

Chung-Hee RYU - Jae-Geun KOO¥

(Kunsan National University)

Abstract

The effects of replacement of wheat flour with laver, Pyropia yezoensis, on the bread making properties
and quality characteristics of bread were evaluated. The poor baking performance which arose from dried
laver addition could be compensated by using exogenous enzymes (Flavouzyme) and baking aids. Laver
hydrolysate was prepared by hydrolyzing laver using Flavouzyme for 9 hrs at 50C. Doughs made by
addition of laver hydrolysate (8% dried laver substitution level) showed excellent baking properties.
Moreover, with the addition of glucose oxidase and hydro colloidal HPMC, loaf volume and crumb grain
were improved for doughs containing laver hydrolysate. Both of intermediate fermentation and final proof
time for doughs containing laver hydrolysate was shorter than that for conventional dough.
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<Table 1> Formula for bread added with laver

hydrolysate (bakers %)
| di Laver hydrolysate
ngredients ol LH-4  LH-8 LH-12
Wheat flour 100 96 92 88
Sugar 6 6 6 6
Salt 1.5 1.5 1.5 1.5
Butter 4 4 4 4
Yeast 3 3 3 3
Powdered
skim milk 3 3 3 3
Laver
hydrolysate 24 48 2
Water 62 41 20 0

LH-4 : Equivalent to 4% of dried laver
LH-8 : Equivalent to 8% of dried laver
LH-12 : Equivalent to 12% of dried laver

SAS E7 Packages ©|&3lo] H¥ %
2} 18] 3l BAHRA(ANOVA) O 2 p €0.05 5=

Al AlEZEe] §-29]/d(Duncan's multiple range test)

2| Al SIx EA
Al 2 g|
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A7vste] A
AlZbell e 7 Tl E

3}= <Table 2>%} #t} whdl Hs
74l wet 7 }—?E‘ﬁH%ﬂ pHE 5.90
oA 9N 5E, FEE 9
7r7) 388.5 PasE A& O R Zjié}%it‘r. b of]
o}m] 1AM 0.41%¢°l| 4 9~
A&HAoz 71 & 1 F 3 A9 QI3
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<Table 2> Physicochemical properties of laver
hydrolysate1) at different hydrolysis

times
Hydrolysis TA? Am.ino acid Viscosity”
fime(hrs) P (mp)  MUOEEM b
(%)

0 5.90 0.73 0.41 966.4

3 5.91 0.73 0.55 792.0

6 5.85 0.80 0.69 531.6

9 5.75 5.72 0.85 0.80

12 5.72 5.72 0.87 0.83

Y Equivalent to 8% of dried laver
? Titratable acidity(0.1 N NaOH solution, mL)
? Spindle No.4, speed 200rpm, at 25°C

Zheel ARk 2eleke] Al A 7kl

e H7RE W A5 542 <Table 3>3 )
pH 9AIZ7HA] haks] Zhashes A3ks dERd
o] aRFg 9l 824 (specific volume)T 64
A= A8 57k 3 ORI 54538] St
SFATE H3t hardness, grain score X s AHAF

Anz v B w oAz AHpRE o 3 75

welEol WaRe] gl 7 Aget TRl
Tads & %%E} EMM 7%5%611% 9
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<Table 3> Bread quality properties of dough added laver hydrolysate at different hydrolysis times"

Yeast

Ny cms opn AR OWRS WL eany
0 1.9x10° 6.42+0.55" 2.9540.57°  30.21+0.86°  3.51+0.30° 3.30+0.42°
3 2.2x10° 6.300.12° 3.11£0.09°  32.86+0.54°  3.62+0.51¢ 3.58+0.10°
6 2.4x10° 6.12+0.50"  3.57+0.18"  32.03x0.11"  3.80+0.27° 3.94+0.72°
9 6.3x10° 5.97+0.23° 3.95+0.30°  28.71+0.63°  3.97+0.11% 4.40+0.85°
12 5.7x10° 6.01+0.29° 4.01£0.25°  27.05£0.49°  4.06+0.26" 4.38+0.61°

Different letters in the same column are significantly different (p <0.05)
D Mixed 0.5 g Flavouzyme, 16 g dried laver powder, 80 g water at 50°C, ? The higher scores the higher acceptability
of crumb grain, ¥ Sensory overall quality analysis (scored from 1 = very poor, to 5 = very good)

<Table 4> Physicochemical characteristics of wheat 3] 3]& 3dlafo] Lo Atfx oz wwd s
flour, laver ~ powder and laver o] ito} whe] Xu|y} 7haalm Wk Ui Alo] &
hydrolysate A rha Baslgith £ A7le] & 4% A

Hard wheat Laver Laver o= & A BT gHEo] =55
Parameter flour powder" hydrolysate” = LA 1 =] 1 o . L 1
= Aol FHaste] 3 AlRe] A Wy ¥

Crude protein, % 12.6 38.1 6.5 - =

> x.]g_JJHo }_Zj A Ao .ulg_fg-g oF 2~ 0]ld)

Moisture, % 13.5 44 86.0 1278 2ol dags & 5 A

Ash, % 0.47 15.1 2.6

TDF, % 0.22 30.3 3.9 2. 2l 7282 A} "=l n|MT=

Amino 3 0.1 0.8

nitrogen, % ' ‘ A 7l w3 W] 5AS Ak Sl

pgl L 7.5 4090 357.7728 HLHZ’—?J UMH%% SEM2E SISl

olor . . .
[ A 9_ HO

=9
—
flo gﬁi

b 16.68 24.03 19.34 =
Viscosity, Pas - - 388.5 2o 7)1 A (air cell)o] FAE o] glow A7
Y Baked in oven(1707C), ? Mixed 0.5g Flavouzyme, 16g o] &k SEM(B)&= Z2do] IAHT A
baked laver powder and 80g water at 50T, * Not o) 3
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86.0%, ZTHA 65%, 3% 2.6%, ol A FEEeT SEMA)E (B)oll Bl F O A&5A
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ek, ol W FEH T Y wuol WE F
W0 HAS A&t AoR AYZFETH(Wang et
al, 2002). B3t - 71 % H7F 9SS Ho
Folol etz ARKT)e] xRt do] o
A: wheat flour, B: wheat flour - 8% raw laver powder, 7]' R ﬁsﬂ%% %l— T 9»’15-7- = ao}\é ‘?‘ 7]'
C: wheat flour -8% baked laver powder, D: wheat A7) olgE = A Z_]'(TX)_‘::_ U ZFRo do A
flour-laver hydrolysate(LH-8) 2 34 A7) o8 2098 o 2= 9}
[Fig. 1] Scanning electron micrographs of doughs whe] 79 7 Huk gy, Hrle] Argdal= 7)

Uvei) ©.7 GoIQliel o) vl gakel A
ol = 47hegle, 7 RirEel o

D e

nhE Flel| wlstel wojx el &4 vt

= & AN We] FAo] 9% Aow o3HY

A R ThEEel A A7E e Al WA g o) [Fig. 1]¢] SEM(D)°IA YEeRd m]A]
A AL 3z g yrow AZEL)

<Table 5> Rheofermentometer parameters of doughs added with different laver contents”

Douh Vi V2 R Hm T1 X T
ougns X
£ (n) (n) (%) (mm) (min) __ (mm/min)
Wheat flour 100% 5716 5609 98.1 462 78 0.59 64
L7
:Z:Zt Lﬂfv‘fr 1601‘; or 490 5133 5049 98.4 25.0 158 0.16 76
0
0/-
:ZE:? ]fl;v‘:r 120 i‘; or 8 4446 4365 98.2 18.6 157 0.12 78
0
0/-
Lwaizt hf;(é‘rl;lygfaf‘; (L4 7236 7016 970 513 90 0.57 49
0/-
Iﬁlﬁt hf;‘;‘rlgljszaf; (Lis) 6629 6490 979 42.1 93 0.45 49
0/ -
Wheat flour 88% 6519 6413 98.4 30.4 88 0.35 57

Laver hydrolysate(LH-12)"

Y Fermented for 3hrs , ? Equivalent to 4% of dried laver, ¥ Equivalent to 8% of dried laver, ¥ Equivalent to 12% of
dried laver, V1: Total CO, volume, V2: Retention volume, R: Retention coeff., T1: The time to reach the maximum
curve height, Tx: The time when the porosity of the dough develops, Hm: Height of maximum dough development, X:
The maximum gas flow

- 471 -



4. 4 7H‘-'='6H§
ME HYS

g7+
ek WRe A4S = =
A S7FE Qlete] Al AN E Vs Al
s 771 Qe
Lee, 2003). 181} 1L = =
ABHA 7= Aol BE O]E Beketr] Sl Al
o] AAEY Axed, 45 WFguE 24

= A% 1) 44

1>,

[o
X
_otﬁl
fr
b
=
>

o
10,

o4 L o

LU
2 3

%781 T UaE AR h’ﬂ
. Straight®} short time dough‘ﬁ 2T %Zl
ZH(intermediate fermentation time)®l U3

ar ]7]'(ﬁnal or prooﬁng time)O] AR

\r
of
o
o
PN
S~
el
ol
ol

o
=

o

¥Q % mH ofN o ¥

stralght‘?j -J

o)
2lo] A

Ll ’\]{}(2-3"]7})Eﬂr @t
= o] dHkA Q]

(Sosulski and Wu, 1998), #o] H7}=
starch-gluten 1% X7} W7FF HESHETH
71wt I} g Al gluten 1E TR7F FA
7] o] 31(Gang et al, 1995) A= baking’] oven
spring®] FFa¥ Zlo®m AZEh weba 3]
7F A A= EEagke] 2o dedks o

%11l o]+ <Table 5>2] 7 7}

ﬂrﬁmﬁm;&_ﬂcﬁmh

Lol 1

o,
MToo%h e

J&HNrEEOHﬂ
L)

et

v

Bl e A7} 0

THZ
o) tg SAANE Ze AEgS HAlth
5. SApfETle] M) Chet P8

o] A JiAE S8 A b Eel e
A AR Absh SR, A5 AR, F3A
55 83l A glucose oxidase, carboxymethyl

cellulose(CMC), hydroxypropyl methylcellulose(HPMC),
xanthan gum, K-carrageenan, alginateS 37}5}]
A AHe HAAISHAT Glucose oxidase] 2
d A7 FES AES A3 0.005%C1 A7
231 Aol 88k X8l 0.001~0.003%
W% 71%)7h w0 TH<Table 7).
W54 ARE W AR 53 548 §
A AAIY gluten-free L = 2
Fdl tjA Al 2% o] &% th(Rosell et al., 2001). I
FA AHARE A FolxEe Hrkstke A

HPMCS} CMC7} 7H4 vl st A S el

(W/iw,
Al A

=3t

7 TS Z  xanthan gum ) alginate )
K-carrageenan 0] $1THTable 8). 9] #|W/dL
wh=so] T, o] §u) 9 e W e 7]
3 dH o= YER=T|(Yi et al, 2009) 3 7F
FdllEe] e ket WS porphyranolZh=
T84 Aol I JhrisEe] gl A
et By BA4o] /o] Agidol dFdE
Ao FAETh Tk o] wr] EAEE 4

<Table 6> Effect of fermentation time on bread produced from dough added with laver hydrolysate'

Intermediate Proofing Volume Baking Baking
fermentation time(min) time(min) (mL/100g dough) Loss(%) performance
Straight dough
20 40 428.27+1.52° 9.04+0.64% very good
30 30 415.32+1.23° 8.57+0.45° still good
40 20 391.05+0.08° 8.14+0.23° not good
Short time dough
10 40 404.92+2.23° 8.60+0.09% good
20 30 380.04+0.02% 7.92+0.53° still good
30 20 375.24+0.27° 7.81+0.40° not good

Different letters in the same column are significantly different (» <0.05)

Y Equivalent to 8% of dried laver,

? Means handling properties with dough and loaf vol of bread.
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<Table 7> Optimization of the level of glucose
oxidase for laver bread quality”

GO dosage  Specific Height/? Crumb
(% 1b) vol.(ci’/g)  width ratio Grain
0.000 3.54° 0.78"  underoxidized
0.001 3.90° 0.85° optimum

oxidation
0.003 4.11° 0.96 optimum

oxidation
0.005 3.37° 0.73% over oxidized
0.01 3.40° 0.75®  over oxidized

Different letters in the same column are significantly
different (p <0.05)

Y Equivalent to 8% of dried laver, ? Height/weight ratio
of the central slice, ¥ The crumb grain of optimally
oxidized bread has a large number of elongated cells. In
bread that is underoxidized, crumb grain has many small
round cells. An over oxidized crumb grain of bread has
large round cells with thick cell walls.

Aesta xRy F7HE

g ol A

& A 4
ZhrdelEd e deAgor Wl Jia
B0l ot 2ol @t NkEshs Eu Al
ol we WM T FRTYEY da T AYd
I E4o] wolxl Aoz AHZEITHKIm et

al,, 2007). St glucose oxidase$} HPMCE 37
A7rsha A el ME Asadts JER
SATH([Fig. 2)).

siE 7P 27IF

gh=ot M Sdof olxls I

wheat

[Fig. 2] Interior view of wheat bread(A),
bread supplemented with laver hydrolysate

(B), wheat bread supplemented with
laver hydrolysate-glucose - oxidase-HPMC
(C) and wheat bread supplemented with
laver hydrolysate-glucose oxidase(D)

W= wxl A3 FAe] Zofste] Al S
A 7= H7HEQ] ascorbic acid, KBO3, glucose
oxidaset= WHEUIQ] Absl# 7)s(disulfide A%,
wAHAS FAd)ol vlsestdl, HTole skek Ut
A Bty g4 H7be A%kl U th(Vonulapalli

et al., 1998).

n

o O
an —

V.

A7k wel AW A 95t
A At uE 9

Joll X G AR A 7k

<Table 8> The effect of hydrocolloids addition in laver bread quality

Doughs Dough gas Acceptable Specific Brea(} moisture Bakir;g loss
retention(%)  sensory value loaf vol. (% db) (%)

Laver hydrolysate" 96.8% 3.60£0.91° 3.75+0.08" 40.84 9.16+0.14%
+Xanthan gum 0.2% 96.5 3.71£0.56° 3.94+0.04° 41.59 9.36+0.02°
+K-carrageenan 0.2% 94.4 3.54+0.18° 3.78+0.05 41.33 8.95+0.29"
+HPMC 0.2% 98.7 3.82+1.62° 4.02+0.09° 4271 9.34+0.34°
+CMC 0.2% 97.0 3.80+0.08" 3.86+0.06" 41.57 9.30+0.18"
+Alginate 0.2% 98.2 3.75+0.09% 3.80+0.08 40.92 9.0540.05"

Different letters in the same column are significantly different (p <0.05)

Y Equivalent to 8% of dried laver
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