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Preparation and Characteristics of Bread by Medicinal Herb
Composites with Immunostimulating Activity

Hee-Suk Kim' and Jin-Soon Kang

School of Food Science, JinJu International University, Gyeongnam 660-759, Korea

Abstract

In this study, the breads with medicinal herbs (MH) composites showing immunostimulating activity were
prepared and their characteristics were examined. Fourteen kinds of medicinal herbs were extracted with hot
water and divided into 3 groups (MH-1, MH-2, MH-3) based on their contents. All groups showed
immunostimulating activity in terms of macrophage phagocytosis, nitrite production, cytostatic activity and
cytokine production. In the preparation of breads containing MH extracts of various contents (0, 30, 50, 70,
and 100%), there was no significant difference among dough pHs of all groups after first fermentation, but
loaf volume was significantly (p<0.05) increased in 70% added group while decreased in 30%, 50%, and 100%
added groups compared to the control. The "a” and ”"b” values of bread crumb increased with the content
of MH extracts while "L"” value decreased, but these values of bread crust were similar to the control group.
Most improvements in hardness, adhesiveness, gumminess and chewiness of bread were noticed by the addition
of 70% MH extracts, but those of springiness, cohesiveness and resilience were mostly by the 50% addition
ones. Through the sensory evaluation, it was revealed that mouth feeling, taste and overall preference decreased
at breads containing 70% and 100% extracts, although appearance and crumb texture were not significantly

(p<0.05) different among all groups.
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WS 1 Ade FAlolth o]#fg 754l ElE FAls MorxME9| CHAIM Z(macrophage) &4 A&
£ A1 thedst 71 Wl B3 AT Ee £ FEES 2 AfolAe £ ATodA A" HHERAHEC] tiA
o]-&gk AW(Q), 7FF=a F7E A9), 1A 22 AUt F9] 7+ &g, cytokine F¥ 5 H nitric oxide(NO) B4+
Ao Z(10) To] Aot AA Aok FEES o]&ste] AW ol ¥ %%k% VX =7HE ofef e} 2ol ZAMO 2 A H
AAE AES A7 =8 2Fo|u. dzd ke F4E AF 2AZANY &I dETHE
melx 2 AT b3 AAE] e AgAF AEetArh.
A ANZE 71578 HAFEAE NEsty l Heted T4 147} In vitro Y97 AE F4 ¥&: FAHAT mouse
2 AokA el AN Z DEdle] SLEAS 2E3le By (BALB/C mice, female, 5-75%, KRIBBol A T )ol| A &
B4 AL =3 AyokAe HASS 3.%{?} 3 o] 2Z2ES TH o2 A FH g v A RE 10% fetal calf serum(FCS:
Ak Al H7bsle] wkEe] pH 2 AEe] Ry, A Az GIBCO), 2 mM L-glutamine, 15 mM HEPES ¥ 5 pg/mL
Bz B 28 23] AuFAd nxE g3k} 7% gentamycine®] &% RPMI 1640 & 4-& AF8-3le] T Al
4 xARY ol NsAe 2AEA E uj okl e 2AF TS WBAE B]FAL 2% 107 cells/
mlL T2 ZA3}] 96-well microtiter plateo] 100 pL %
A= 2 e 7VataL, 7)o ZAES 1~200 pg/mL TEZ AHd =
72X 7r vj ¥l oh. XTT labeling Al 2kell electron coupling
AlER|= Aleko]l H7FE XTT labeling £ 5 pL(HEF 5= 0.3
B A0 ALEE AokAlE AZA] AR A A T8 pL/mL)E 7 wellell ¥7138F O3 AIZE AA sl 450
AgEtg o WrRE AAAHF) FERS 1ste] 4 oA FREE SAHAFoEN AEFA TS AT
& AAEA AL )2 Al 9] spreading ability Z3: Thioglycollate %}
°2 §5¥ BALB/C miceZHH 2 ¥ B g2A2E
el S flE dexdael 5’33* TE 1310° cell/well 2 22345} 96-well platedl | 24 E3} &
HAXHE 9 4 &AE sty 754 W Az o & ghatod 37°Col A 4841 7F ot w)akst & AN E o] 9=3
g Aotz gdEL A AFAAHA AF] FAE F2 F e pRAstgon, BAL 30079 PANTE 7|Foz
ANEZ AREQ7E7E o Aokl &7, w5y, WEE, 7t ME 92 FASY
T, AkeF 712, B, s, 7IAL EARAL, WE 1At YL Ag B =F: 27 g AAZI <100
FAHA, A2 55 AHEseH olgd AgAE AF cell/wel)Z 46-well culture platedl A 24 &3 E33A
oM o} Al estel M W o] i E AT=is 7 48X 7Y B9t w3k & FITC-latex microbead} 24 ES
2 Table 13} o] 743t H3 A4z ER

1

Z'I&]Z/H% MH- 1 MH- 2 MH-3 }‘] E% Zﬂ_i, ’E‘ﬂ]é} 29% FBS7]’ 3]_0 Q phosphate PBS_Q_OH oz /q]x-la—]. 1:]._

10819} S5 7hsted 90°Cell Al 10412F &<t d4FF 22 84S flurorescence spectrophotometer(FL600, Bio-
10, 1

_1>v

S
B

HREP A o 37°C ol A 9083t vl Fatalct. vl *lz‘é
;ra‘_
z:;l_

T oY 5T O 52 1R 2AE F= 10, 50, 100 tek) 2 AF83H] 570 nmol A =R 593, IR ETo T
(ng/mL) &&=l w2 dqdA 49 FYdsArh = LPSE o] g3dtgtt

2] A E 9] cytostaticity S4: ZAE FE=EHE 96-well
Table 1. The optimal composites of medicinal herbs (g) platesl| A 4841 7F w23 B2} th 21 A E (1 x 10° cell/well)<
Herb names MH-1 MH-2 MH-3 A=A 3 M EQ sarcoma 180(10" viable cel)Z} 184 7t
Astragalus membranaceus Bunge 6 10 10 Zol = oF ° 2o -
Poria cocos Wolf. 6 8 10 © 1_— 5% MY o MTTE 0 lfl °F wellol Z7beted
Liriope platyphylla Wang et Tang 6 8 10 HEE MTT WH(11,12)0] w2 AZ2S4dS S43AT
Acanthopanax sessiliflorum Seeman 6 8 10 olu] hRTL ZAE AR Lo PAMHEZ AFL3F]
Dioscorea japonica Thunberg 6 8 10 o _— Ao T =
Lycium chinense Miller 6 5 10 o7, cytostaticity W &2 [1- (972 F3=/d=
Angelica gigas Nakai 6 5 10 79 TF5)|x1002.2 AASIE T}
Polygonum multiflorum Thunberg 6 5 10 Nitrite A ZF =3 2924 E(2x1 10° cell /mL)E
Agkistrodon acutus 5 4 5 - o L
Cuscuta chinensis Lamark 5 4 10 48-well platedl| A 2447t vl Fg & 6] T Aol EA)3}
Atractylodes japonica Koidzumi 5 4 10 = NOZEE Griess AlFS Al &3t 243540
Schizandra chinensis Baillon 3 2 5 . - . -
Lentinus edodes 6 5 10 Cytokine B4 @ =74 Cytokine B4 d& W2 0
Glycyrrhiza glabra L. 5 - 10 oz =439 Bt AE(2X10° cell/mL)E 24-well
Total amount 76 130 plated] A 6417 B MFH BE ASAL AR 53
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&he] IL-1B, IL-6, TNF-a2] A4 &S ELISA kit(Genzyme,
USA) 4390 MiSa S dARESS F5dAS FH3

deofrd=s AUIGH ¥l FEEY &¢
W Azd HIME AP EY F& W Azl U3
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T3 A dF FEABrix 5.0)S LA

el g o A Aol AMESH W] 49 Table
29} 2t} wiEHlE W 100%S 71F0 2 ZF A EEo]
W= FEE F7te AW Al AHEEE 55 65%0l
s FE2ES 27 30%, 50%, 70%, 100%2] Hl&=2 37135t
Row AT Ay S (13)el oA AAEA

WEe] pH &34 Wh=9] pHE AOACH (14)S 283}
mixing& v}t wHEellA 10 g& AF s S/FF 50
mLe} g4 homogemzeri 10,000 rpmell A 583 #2335}
o O =999 pHE AT

AFY o 4 “71] A 2go] Ryjel FAE baking
gk ok A2oA A3 F SAsRoH, Fae FAX Y
o2 =AY, specific loaf volume(cm®/g)& W A=

o] EAEHST

.ll}l'

Az FA: AsEs AEE A7t 27 & A3
(Chroma Meter, CR-200b, Minolta, Japan)S A}-&3le] &
FAI(L: 97.10, a: -0.17, b: +1.99) 0.2 R A3t} 2o
crust?} crumb®] M= LIH(HEE), agh(A %), b (FA
T)o g 23] wrEste] ZA5AT

ZARY =A: Ao ZZAZFE Texture analyzer
(model TA XT?2, Stable Micro Systems, England)Z ©]-&
3] P 20(20 mm dia cylinder aluminium)g 3Fste] Al &
£ 23] A%HoE AYPAHAS W LoJA= force-time
curveZ % -¥] hardness, cohesiveness, gumminess, chewi-

ness, fracturability, adhesiveness, springiness % resilience

Table 2. Baking recipe based on flour percentage

Ingredients Content (%)" Weight (g)
Flour 100 1000
Yeast 3 30
Yeast food 0.1 1
Sugar 5 50
Salt 2 20
Butter 4 40
Water” 65 650

‘”All Ingredient percentages based on wheat flour.
YExtracts percentages (30, 50, 70 and 100%) were added to
dough on water.

=2 A5ty on EXZAL sample size: 6 cmx7 cm X 25
cm, probe: p 20 mm, test speed: 1.0 mm/sec, pre test speed:
5.0 mm/sec, post test speed: 5.0 mm/sec, distance: 50%,
trigger type: Auto 50 g, time: 5.00 secE 3}$t}.
B AL FEHALE st FEE w2 AFISH g
A 6”ﬂ s A3 0}0‘1 /\]E £ A2Eta HrelEE &tk 3
Fo= fHFay thLo g FuE
2 % }01]’\14 =7, 5, AAA Adzx 9
e A7S 53 FAEHo g 33 whEsle] el

al
=]

g FFH 9 FFHRE F7)(mean+ SD)3FSA
1 BEAAEYE SAS(version 6.12 program)E ©]-&3}o]
one-way ANOVAEAS A3 & f9A0] = AL H
EAAH L t—test(p<0.0)E, Wl i3 23E g5Hlw
31121 Duncan®] T #9 AZ(15< AA 8IS 71 +
HolgLe p<0.05 FZAA BAA 2olE AZ3Y T

L o g
!

ZAnp 4 ik

CHAIM|zzo| gh 3 AZEZO|| D[X|=
Ak FE2E YAAE 47 AL mA= 9
Table 37 Zth. gAME 42 24E s=7 718
2] A 2] spreading 2 proliferative activity= & 7}3}

53] MH-3(100)& =l A= tA A A NOBES

“

_J_, =
Tt B4 LPS A7 AR £ FEoR F7HE A
ojRL £9lo ATE B FEFES HUIst] wdd B

AP

5~500 pg/mL BE FEA gAAE 4L X891
1,000 pg/mL FE A= LPS H7} AR & £F0

Z7HE At = Leeo] R31(16)9) Bl<:dr Aol on 1 e
w) 7] (17)¢} MEGu FZE(1Q)ANME o] &} FALE A7}
Baug vk ok 9 HH xS0l M Ee] A 2Hgd

Table 3. Effect of MH composites on the macrophage
functions and phagocytosis

Treatment Proliferative Spreading Phagocytosis
(ng/mL) activity ability gocy

Control 1.00+0.11" 1.00+0.13 264.1+23.4

MH-1 (10) 1.38+0.15" 1.74+0.16" 257.6+26.1"
MH-1 (50) 2.25+0.24 2.94+0.28" 341.7+354"
MH-1 (100) 3.21+0.38" 3.98+0.37" 548.9+55.2"
MH-2 (10) 1.56+0.17" 1.98+0.21" 298.24+30.4"
MH-2 (50) 2.49+0.25 3.63+0.40 3945+41.2"
MH-2 (100) 3.42+0.38" 491+048" 602.1+62.3"
MH-3 (10) 1.73+0.18" 215+0.25 320.2+33.17
MH-3 (50) 2.80+0.29" 3.81+0.39 450.3+46.8"
MH-3 (100) 3.78+0.40 5.73+0.55 638.7+63.2"
LPS (0.5) 3.87+0.32" 5.09+0.58" 641.5+67.3"

"Mean+SD (standard deviation) (n=3).
"p<0.01, significantly different from the control.
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Aol 44 FEF Foll= alkaloids, flavonoids & ter—
A2 =243 g3, 994, tannin 57
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Ao Wag 9

CHAIMIZO|  cytostatic  activityOd|

ZA4Eo] NOAAT A AE cytostatic activity =
Table 49} 2t} A Zoll 2AEES A3 F 2447 )
kst A5 Ao ZA 5= NOFEEE Griess HH2-o0 2 =7

R
g Ay} 7} 2459 50 pg/mL T o)A Fo4 A
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Table 4. Effect of MH composites on NO production and
cytostatic activity of macrophages to tumor cells

Treatment (ng/mL) Nitrite Cytostaticity (%)
Control 453+0.44" 25+0.24
MH-1 (10) 8.25+0.87" 10.5+1.10°
MH-1 (50) 28.62+291" 32.4+354"
MH-1 (100) 42.47+4.35" 54.8+5.11"
MH-2 (10) 9.31+0.92° 13.2+1.10°
MH-2 (50) 30.19+3.24" 4054395
MH-2 (100) 4565+ 4.45" 59.7+5.45"
MH-3 (10) 10.87+1.10° 156+1.10°
MH-3 (50) 39.54+4.05" 482+4.21"
MH-3 (100) 62.13+6.38" 60.5+6.18"
LPS (0.5) 63.11+6.45" 58.4+4.85"
S-180+1IM-3 (100) 1.3+0.11°

"Mean+SD (n=3).
"p<0.01, significantly different from the control.

%A

n

EAR7F AP HAJAA, 100 pg/mL =2 F7MEFE &4
H# Aoz Z7hE %o MH-3(100) 5 =0 A= v 4] A 3
dA NOAAEES fr=ste =2 LPS 71 Al$} vt &4
To 2 F7HEATE oA AR dFFEE FAd 9%
7 A M2 NO Adgo] F5E9 v27t S7HE
w2} NO A A #o] 7189tk Ryugt Kime Ha(20)2h
Hl 23 S el AT NOE HAANA FSAM X
AZ wAEC digt oz g-S ste o Asdg &
A o] radical moleculeZA] nitric oxide synthetase] 28
o] 93] L-arginine®] L-citruline 2 W3lE = 714 o A
A€ NOE tF-29 A X FFE v 27149
Ae RS EHE FFAAGANME ABAGELZ &
H2 Ao (2] HI5ol A sFHol 712 A 2Hg, Al B
SAE FAAAGAFo] THE v UTh©22). =3 L8]
B o AA A AETEA A2 FQ =5 o] B2
Z A H TNF-q, IL-18%} 22 cytokines2 NO2 F7HE
A A AFgo] B2 RoZ gy A UTH23).

3 H ZAEo] )M E Q] cytostatic activity(FAHE &
297 &) e 4 2AEANA FE 10, 50, 100 pg/mLS
223 A 2AE Byl 2718 uat AN EE
Sarcoma 180 M EE ZstA A SIH L, T MH-2
(100)<} MH-3(100) F=A = A A EZNA NOBAS
Lol 24 LPS H7F ARG & $£F S22 Sarcoma
180 GAEXE A3tA JASAT. o] AL Bk dFFE
= UdeE Fdo] dAGAS A% A FdHoe
A&o] 7HA 718 (75.6%), W& (71.3%), 14+H70.0%), 3+
(66.3%), T (63.1%), Z(581%) E A ](58.1%) 5] th
ZTH(EF STl vls)] 25 mg/kg body weighte] &=l
A1 50% oY £ T¢Ao] dAEAL S UEHTE B
(19)el et £ A ANA AR 7 erte, BE Tz P
FH 5o TEHo] dAZA o] =L oy AgAY 24
2 1 2AHEY = 7M7) cytostatic B3 ol gk
HAE F2& JASe A2 Yeidth A2 HA E8&
1 QM A oA a7t Holu
HAL AL AU HA HATAR 27
% lentinan®] sarcoma-180°l th3}a] 7
S ety RuEa Qok24). =3 43}
Aol A S HA] A EZY] F8 ST o] 2
¥ TNF-a, IL-1B9} &< cytokines& NO9| F7H&
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Table 5. Effect of MH composites on the macrophage-
related cytokine production

Table 6. pH of the dough added with extracts of medicinal
herbs

Treatment TNF-a IL-1B IL-6
(pg/mlL) (ng/mL) (ng/mL) (ng/mL)
Control 0.62+0.06" 0.35+0.03 0.21+0.02
MH-1 (50) 5.38+0.55" 2.42+0.25" 1.28+0.12°
MH-1 (100) 7.21+£0.74" 3.29+0.37" 1.95+0.19
MH-2 (50) 6.21 +£0.63" 2.69+0.27" 1.42+0.44"
MH-2 (100) 8.15+0.85" 3.58+0.62" 2.08+0.23"
MH-3 (50) 6.59+0.68" 2.87+0.29" 1.53+0.55
MH-3 (100) 9.43+0.95" 3.92+0.40" 2.41+0.20°
LPS (0.5) 15.21 +1.48" 4.31+0.45" 3.87+0.40"

"Mean+SD (n=3).
"p<0.01, significantly different from the control.
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Extracts of medicinal herb (%)
0 30 50 70 100

521+£055"N2 5274055 516+0.55 5214055 5.20+0.55
UMeans+SD (n=3). NS: not significant at p<0.05.

FEEAL FE3] WAy 49 B Aok W
52 AW F o] L AW A WS W) pHE

13} WEAD F W5 pHE AWHoR ks B ol

H50~55¢ 89l ol dgovf 2

2 11l fol0] ol $2E W el GE 17
7

oz Uehgth o] e AR B2} I FF

H A £9 —ir%"“ AXE Z*ﬂahﬂ 27}%—?% pH7P
S22 AgS EAve Kim# Kime E1Q)% Aot
o] By EA: AFFEES 7S specific loaf
volume®] ¥H3}+= Table 73 £t} Baking% A-2oA] Wz
Az AFL] FAE F2FQ1 a7t fidnh AlFe o=
27 AFE F37} 1,754 em’Q Aol w8 30%, 50% 3
B #Hrbol A E 1,732 em’, 1731 e’ 24 91591 z}o]
7} et 0% FEE HUbEAE 1789 cm’®2 524
Q] 71 B} 100% F=E5 FA7krolA = 1,701 cm’ 24
7} wigkth. Specific loaf volume 91221 o] 7} {1
O} Aol Koo} HlS=3k BEgS H%E} 0% F=& 3
7V2ES A7 30%, 50%, 100% FE= A7l e
E Arbsert eSS RY3AET) Ao 2
38 F2E Ut g A NiEe] Ry BA T FEE
A7} s=7F S ETE O A
59 B (28)9} vl Aol qlTt. 1
kol A AlFe] Fo7t Mg b A
Aol dFg A=

qu 0% F&5= 3
< o] Fuje} wg
Q3 g0lo 2 X 7k By E I vt

Table 7. Loaf weight and volume of bread added with
extracts of medicinal herbs

Groups Loaf weight (g) Loat Specific loaf

volume (cm”)  volume (cm’/g)

Control 477.21+19.52"N% 175451 +113.24™  3.68+0.29"°
30%  477.25+21.23 1732.47+102.33°  3.63+0.22
50%  478.85+25.28 1731.85+121.77°  3.62+0.17
70%  480.56+24.81 1780.21+114.21°  3.73+0.27
100%  484.74+29.14 1701.324£125.90°  3.51+0.30

?)MeaniSD. INS: not significant at p<0.05.
YValues with different superscripts within the same column
are significantly different at p<0.05.



114 MEE

F9 7l nAYY) JEBAT 5
awel gt 4, gl F W5 &

% ol wet 25

AAAE, A, AT S o5 YL BE Qo B
W 70% FEE Akl 128 34T £ U oY 8
| A7k wwy

AE0] Ao EFF oz g3t W Az A B
ol gzt oju TAH Jta% T HEFHO Fuj9)
H| & 2o] 718 Ao=m AZE

ol Me: 2wk crust®} crumb9] M == Table 8% £t}
2 cruste] M e AFFEE9 H7ME Lightness) &
2 iz vlal 30%TANA fel Al F7HE UE S
™, alredness) #h2 55 30% A7 A 74 B9k 70%el
A 71 =3kt b(yellowness) g2 thZ7oll Hl3l] 70% 3
Zhto] oA 0 2 ZrAast Tk AL Qo] Yo A ulg-
F83H AAA = FEFOE g3 d F Mo| Folof HEZ
YA By Bk ol FrE FEAE F A7) wEol
Ao FAAS we o] FTH29). B ATl agt2 &
%3 L, b2 =4 el FE2E 30%E 37138 ol A
o] 71z FH 433 £ dFES A A4HH
ol TEHTIAAM £ HFE 42 A(Table 10)FHE A

o] U& ALZ AAAT AW crumbd] ME+= hET ]

=

Z71ste] o T % AL ek F

== o
2T 1o =
52 YEg Uehie Lgte FoH0E Jastn A4S

e
e
y_ll
N
ol
(o]
g

zrel Frol Q) 2

o =
rr
Q
2y
rlo
ofN
N
ol
o
e
o
el
N
o

o,
o 0\10-"'
g
5
N
~

nE

1=
ol
i
=
hgk
L 5
o o =
[o rlo
L)

& Ho 0

2 og o
N
e
s
i
il
)

N
-

ojN i
K=

N,

),

f

)

n

lo X ook

2o o

w

e

B

-

N

N

e

=)

tilo

&

”\1 )

- >

o =

2 Yo

o
(o2

jué = o
Iy

= 3

™

)
o
WL
O
S
2
o
—n
do

o Frhepel HESE L

=
S
o
e
R
of
rr
onl
ot
9,
32
g
o
e
il
o
N
2

>
& %
lo HJE
s
3
it o
&
Ho of rir 4 rr

o
o
~ %
o
i)

&
Sl
0
o
£

TRz 5Y

Table 9= BAFEES Hrtetd Axg 2w 223
S Jehd Aoltt. A% (hardness)d A% thExFo] Bl
30% F=E H7F Al o] A<l &Fol7t gl e
A7F Aol AEFel FoHoz Frhsdth. HFARA
(fracturability) @] -5 thZxTdl Hla] Aol 2EA Y
Bhton 13 30%94 7F8 wetar, 224 (adhesiveness)
S gzl vlE)] 30%9 0% e FoFes ko
100% 7ol A 7Hd SEA velstt €24 (springiness)
£ 30% 7l E dzTd vl =4 JElgkey o
T ZrellE o)A a7t e 834 (cohesiveness) 9]
B Aol A iz FrAFA o A2 (gumminess)

Table 8. Color of the bread crust and crumb added with extracts of medicinal herbs

Extracts of medicinal herb (%)

0 30 50 70 100
L 56.75+0.60"" 59.30+0.31" 57.19+0.95" 53.41+0.96° 56.71+1.08°

Crust a” 13.02+0.26" 12.16+0.51° 13.52+0.42" 14.27+0.17° 1251 +0.61°
b 28.14+0.63" 28.17+1.64% 27.55+0.44 25.31+0.28 28.67+0.69"
L 80.09+0.15" 77.80+1.60° 79.01£0.62" 78.11+0.41° 74.20+0.58
Crumb a -2.15%0.06° -1.78+0.07 ~1.44%0.11° -1.26%0.04° -0.65+0.04"
b 12.00+0.37 14.31+0.11¢ 13.90+0.42° 16.17+0.36 18.43+0.21°

UMean+SD (n=3). ?Values with different superscripts within the same row are significantly different at p<0.05.
YL (lightness) value: Degree of lightness (White +100 < 0 black).

B

a (redness) value: Degree of redness (red +100 & —80 green).

b (yellowness) value: Degree of yellowness (yellow +70 & —80 blue).

Table 9. Textural characteristics of the bread added with extracts of medicinal herbs

Extracts of medicinal herb (%)

0 30 50 70 100
Hardness 3.70+2.32"¢ 3.28+1.10% 6.32+0.62" 10.84+1.37° 6.76+2.34
Fracturability 12.43+5.34° 3.72+0.72 5.61+3.33° 7.65+3.29" 7.55+0.72"
Adhesiveness 2.27+1.05" 7.82+1.94 3.99+3.01" 8.15+4.25" -3.43+0.21°
Springiness 0.98+0.02 1.2040.25" 1.000.04° 0.99+0.05" 0.95+0.05"
Cohesiveness 0.85+0.01" 0.87+0.01* 0.84+0.02% 0.84+0.02" 0.82+0.01°
Gumminess 3.15+0.28° 2.87+0.65° 5.31+0.58 9.12+1.28" 5.56+0.95"
Chewiness 3.06+0.29 3.27+053 5.30+0.58" 9.06+1.40° 5.25+1.78"
Resilience 0.43+0.02"" 0.45+0.02° 0.44+0.02° 0.41+0.03 0.41+0.01°

YMean+SD (n=3). ?Values with different superscripts within the same row are significantly different at p<0.05.
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Table 10. Sensory evaluation of the bread added with extracts of medicinal herbs

Extracts of medicinal herb (%)

0 30 50 70 100
Appearance 4.01+0.03"N2 4.01£0.05 4.03+0.03 4.05+0.04 3.85+0.42
Flavor 4.34+051% 4.23+0.48" 4.06+0.02" 357+0.56™ 3.39£0.57°
Mouth feeling 4.0340.07° 4.0440.03° 3.85+0.46° 3.58+0.50" 3.09+0.67"
Taste 4.28+0.45" 4.34+051 4.25+0.56" 3.08+0.09 2.8540.44"
Overall preference 453+051° 451+0.53" 4.29+0.49" 3.05+0.04° 3.084+0.08"
Crumb texture 4.03+0.04™ 4.06+0.08 4.09+0.04 4.02+0.06 3.89+0.40

UMean+SD (n=3). NS: not significant at p<0.05.

YValues with different superscripts within the same row are significantly different at p<0.05.
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