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Lactobacillus helveticus ATCC 551632} Propionibacterium acidipropionici
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Effect of Whey Brew Cultured by Lactobacillus helveticus ATCC 55163 and
Propionibacterium acidipropionici 5020 on Quality Characteristics of Bread
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Abstract

This study evaluated the effect of whey brew cultured by Lactobacillus helveticus ATCC 55163 and Propionibacterium
acidipropionici 5020 on bread quality characteristics. Ten and 15% whey brew were added to flour-based bread, after which
bread volume, pH, total titratable acidity (TTA), moisture content, water activity, texture, organic acid content, and sensory
evaluation were analyzed. The bread volume and TTA of control were the largest among the samples, whereas pH was the
lowest. Moisture content did not significantly differ depending on the amount of whey brew added, though water activity
was highest in the bread with 10% whey brew. However, hardness was the lowest in bread with 10% whey brew. Propionic
acid was not detected while succinic acid, lactic acid, and acetic acid were detected in small amounts in the control com-
pared to the test samples. Succinic acid, acetic acid, and lactic acid content was high in bread with 15% whey brew, with
propionic acid present at a very high amount. In terms of sensory evaluation, bread with 10% whey brew had the highest
score. As a result, high quality characteristics were associated with the bread with 10% whey brew, whereas long preserva-

tion was a characteristic of the bread with 15% whey brew.
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Fgo] 2 AAEHIL $<31a1(Woolford, 1984), 719
@l Z2I AN EFT T2 AEE W2 pHollA]
arel xgo| Afjarrt eitt 3 22025k
butyl rubber, A|ZA|, 5 55 Tte=t| F838F S AL
9|t} Propionate esterse= 71282 YO 7]A| &= 771
S22 xylenes, ketones 53 72 7|2 ES o= F
718uE thalsr 4= o). =2 ueaky) 9] fFEAE 9
oFE, Q1F Y 3, 7EAaAl T2 ALk o]8-3kal(Boyaval
and Corre, 1995), 2]F8&0 7 T ZH|LIMIEFL FE9
IRy, g 4, T X34, 29 59 X80l o]
stal ok PIAE LEol gk 229k LA ikt
7 Z2 a2 ihtS S siAAY 28] v YRHE o] 8-t
o} Ak Z2 0] Aol E3NU Al Lactobacillus
lactis= Propionibacterium peterssonii®] WEE A|AA|F)|11,
L. lactis, L. acidophiluse= 5733 232241 2] F2418
Aslstct. 28y L. helveticus= SHAFEZEAZE biotin®
pantothenate 4O 2 29241 0] FA415 Fx1eto] uf
=9 Ak AAS Z7MAZItHHunter and Frazier, 1961).

FHE SR A= EE A0 7 A Qe PEE
HE - 10914 A= o 13 BFRA 97F o #
AL AEVEE AsiRoy 1exe §3S st
I Qo] AAZA o] gl TS 7HAA = ATh(Litchfield,
1996). 385 el A& Thlg2 2EAFolA]
T AR, 7 permeate= LEFT A BAYL
2 o]83slar o (De Boer and Hiddink, 1980), -7 &
2 FAE, AGAE, 29, GUEAIE SOl o83kl
THYun, 2004). 1 3S Fikto g dasie] de 2k
21FE, Ak, s, vAE w8 7Fss SRk Ax T
o] ©]83}a1 Ith(Hujanen and Linko, 1996).
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2k, 25 Fol AE AL EES I W A=zl AUt
sto] whe] Rajof wX= 3, 7, FEERAE, A7
59 4 548 AR, el fU1h g 55 A8t
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Lactobacillus helveticus ATCC 551632 3= EHE
AE](Korea Culture Center of Microorganisms, Seoul,
Korea)o| X, Propionibacterium acidipropionici 50202 3F
=AY F Aol A EF T L. helveticus ATCC 55163
2 MRS iR A Athufslar, MRS iAol 3 1.5%
£ kst < S48 viRAZ S P acidipropionici
50202 RCM(reinforced clostridial medium, Oxoid CM

149, Darmstadt, Germany)ollA] At 8} RCMel| -4
1.5%5 37kt a4 5788 wiA=E sileh. 229
5 33 Alduidste] #57F 1-2x10° cfu/mLE Al 313
o ou]ads st -5 (Calpro Co., Ltd., Carona, USA)
12% B0 ARFEES 1% 718l A3 fFAuAS
5 N NaOHZ pHE 6.52 ZZ3sl] 1 L AH4E&ek~=9 3
atod 70°Col A 30 7t Alaktstanh At ek w gl
WZysle] L. helveticus ATCC 551633} P acidipropionici
5020 27t 1%4 AE3t] 35°C AitHlo]E el A 85 rpm
o2 6NZF G9E pHE 658 A 49 3+ &%
HjFetsict.

Ha M2

e AF5Q WFE= WA 13.0%, IE 0.42%, 5
13.5%2] 73 153 (Dachan Flour Mills Co., Incheon,
Korea), 282 <% 99.0%2] 2 (Samyang Co., Ulsan,
Korea), 252 % 99%(Hanju Co., Ulsan, Korea), sodium
stearoyl lactylate(SSL, American Ingredients Co., Kansas
city, USA), Z&2Ed(Lottesamkang Co., Cheonan, Korea), A}
& X (Choheung Co., Ansan, Korea) 52 AF23}3iT)

i =

- Hi S-S Table 13 291 AACC(10-10b)(1985) H
WS A5 ~H AW (sponge and dough method) O 2
Azttt WIRE 70%, B 42%, B A=, AWl
S-S Wk (Hobart A200, Troy, OH, USA)l Y¥il #<&
35, 5 28 7F gAlo g 24°Ce] AHAE A|Fsle] &
27°C, FE 75%2] 12} T AA 4x7F BaAHTH
2R} SEYS ALt UHA] A8 F RISl ¥ar
AL 3, 5 227 I F £EYS ¥ AEKCE 3
B2 E38lal $502 sEIF ST 100% THEE
AT AR WS 155 F AL FAAIZ]
540 g¥ F&ete] F=E7] - FA - BY - W F =
40°C, F= 85%2] 2z} Ha A 508 F EEAZ]
5 S1E 200°C, LE 200°CY] 2 E(FAO-7103, DaeYung
Co., Incheon, Korea)oll 4] 30 7+ 9T}, A2olA 24|17
W7 & ZejogdEl EAgRol| A3t Aol A8t

H
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At b o

Wo| £ 4

mho] By whe Wzh. TS5} 25°Co] 124]7F HE B
TAFXEHH (Ronald, 1992)0.2 Z}7he] Alg 4704 S48}
o] I His AR 3ok

wol pHe AR 15 g& F8t] S/ 100 mLell 73}
Al €3l 3 pH meter(MP 220, Mettler Toledo, Schwerzenbach,
Switzerland)2 24314t} & AHEE AACC(02-31)(1985)



460 Korean J. Food Sci. Ani. Resour., Vol. 30, No. 3 (2010)

Table 1. Formula for bread

Control A B
Ingredient %
Sponge Dough Sponge Dough Sponge Dough

Bread flour 100 70 30 70 30 70 30
Water 64 42 22 42 12 42 7
Fresh yeast 2 2 2 2

Salt 2 2 2 2
Sugar 6 6 6

Shortening 5 5 5 5
Dough improver 1 1 1 1

Whey brew Variable 0 10 15

Total 1,800 1,800 1,800

BUOE SR AR 1S5 Aol THA 10
mLol] 34 & 10422] formaldehydeE 7}3}e] 0.1 N
NaOH(F=1 O)(Dae.lung Chemical & Metals Co., Sihung,
Korea) 02 pH7} 6.6°] & wj7}x] HAste] 4AnH
0.1 N NaOH®] mLE FAH=EE 3ttt

ol +EEE 2
W W7 F Egsie] 25°ce] RESA 19 FHH
2d G2 79 7+ SERIES =X 0].93\1:} Az

(Korean Food Code, 2002)0. & ZA3}o] «=H-8Fak(%)=(b-
o(b-a)<100(e: AFHA2) A, b JRBHAF LA
FA(g), ¢ Ax 5 o] HAS W FA(g) el whet
e Zzte] RS 53 —;—7243}04 e st

AHS
o] =2k
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WS Wzt & xAste] 25°C] BESHHA 1Y S
29 @92 7Y 7 FEEAHE 54 71(AQS-2-TC, Nagy
Co., Basserdotf, Swiss)Z FEIATE AU A5
& T2 FUsA 2o} 24719 cellel e F Hle
25°CE 243t =& 5757]-4 chambere]] cellS A3}
o FESAE o] WA ¥s wWrkA] S5k 2+
Ztol NE8E 53] =43} X}L_E-— st

M
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“"C}PJ }_79.7;}8 Sun Rheometer(CR-200D, Sun Co., Ltd.,
Tokyo, Japan)= “d% (hardness)S =43}t WS- 3 cm
FAR e} N EAEte] 25°Ce] BESHHEA 19 5
B 29 @92 79 7+ =43}tk Table speed 100 mm/
min, chart speed 60 mm/min, load cell range 1 kg,
sample size 60 mmx30 mm, critical area 314 mm?% %
deformation 25 59| Z7A A& & 7S =43l =}
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S HPLC(LC1100 Series, Hewlett Packard Co., Ltd.,
California, USA)Z #2339t} 5 ¢2] A8 12% TCA
S48 1 mL F7Fskar 941E-2]7](Supra 21K, Hanil Co.,
Incheon, Korea)Z 18,000 rpmol|A] YAED & J5HS
#3ld 0.2 um membrane filter(Sartorius AG, Goettingen,
Germany)Z oJ¥}sle] EAof AL&3lch 48 column
2 Rezex RHM-Monosaccharide H+(8%)(Phenomenex, USA
(300x7.80 mm), mobile phase:= 0.1% phosphoric acid,
flow rate2 0.5 mL/min, detector= UV-Vis Detector 3002,
column temperature= 40°C SolH R4 Tz 3o
Autochro-Win 2.0 plus(Young Lin Instrument Co., Ltd.,
Anyang, Korea)5 AH8-3t FEFEA stom #7145k
¥FE28 Sigma-Aldrich Co.(Sigma Co., Ltd., St. Louis,
USA) AlFS ARSI

ZsAAL

A s ¥ F 2em AR ZE vidEAA]
o R FAEt 25°CoA 24X7F BB T =A3HY
o}, v]5Askn o] Bread Scoringoll Wl HAAREIR M
Panel 8.9 51 o] AW AHHo] = 7I&A 1085
27481 WepAlel BaF S 74 7T AEA

o NIz s AES st AEZE st

Eﬁl-ﬁ-ﬁ]‘
= A2 33 REEAY il o BAIRAS Statistical
Analy31s System(SAS)(2007) B4 T2 132 AL83l] &
AEAANOVAYS AABHITL, 7 AR 7o) freld 1%
2 p<0.05 o2 W9 Yz HIAIE H(Duncan's
multiple range testy2 ARS8t}
Za g
Sile| #Mst
frabt e} 229 iht-S St S
10% B 15%S WA H7lste] Az o] 78 2
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A= Fig. 13} 2o} oA} o] 2717} 2,460 mL,
GSHUFTE 10% F7F8E AT A7} 2,330 mL, FHUEE
E 15% 713 A8 B7F 2,020 mLE S aE 37}
ZFo| S5 F97} o} {217 Zo)7h AATHp<0.05).
olye FFL FHLEE Fo U T Je =2
glite] aRo] HEE AAAF7| WiEo 2 AYZHT A
I A BEFQ 234 O HQ) T2
9 Z 2 I AEFS FFold] gt gateo] lovt &
To] Z2o= AalZgo] ol kst A O = (Christensen et
al, 1999) 434 k. 18y Moon(1983) 24k, =4t
Ik T EFES Fgo|igl ofue}l g o] T2
o AE Frhar le] B A FAdaEe] M7t
o] WSTE a5 g AfE Fof K7t Fopxl A
o7 AZHEC) Lee(2005)= YM HiR|ol| ZE2u] LA EF
F57}F 0%, 0.05%, 0.10%, 0.15% HE2 HA7iste] Awu-g
GRE HgBIAS w B FRoMe R Sl dF
o] glot 0.15% H7HAXNE Aol AlE FATHL
sto] 2 u ko] A8 Ry A3 AIE Hil 3}
At HAEl g gt ARe-S sEEA] B AL Al
2] plasma membraneS HF3}7] wWlEo|t} Sheila T
2000y FAIES W AZA| Frkele 3 2, i
2 lysine, methionine, tryptophan -2 E<= opu|i=Al H =
o7 JPFEsHETE o} W= HEA 2 2@ 4
A EXE B4, W, 23 5) 3 SHAA Aol
AL SO, Main(1991)e Fg et o] o] Fals
A FNaL, 248 St st el FAS AHAY
= BHE Rusi B Ao AR aEe] At
Hu7} ol AL FALEE F9]
JOAE Jaks F Ao = AZbET $HH, Zadow(1981)
Wl TS Hrlshd el Ru)7 Zolxitiar
3FH o}, Erdogdu-Arnoczky 5 (1996)2 Hb=Eol &

4% F7kste] whE oA Kuj7} @388 Frstaithal
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Fig. 1. Effect of whey brew on volume of breads. C, control;
A, bread with 10% of whey brew; B, bread with 15% of
whey brew.

S &3 et fELEES 3
71t el pH ¥ F2bE 4 Av= Fig. 29 £t} pH
= WET7F 493, AT A7F 5.02, AT B7F 5258
z=Te] pH7F 7P Woka FAUEE Hvbe] Be
& pH7} =of 913 o)zt AUATHp<0.05). =HAHO.
2 2s Az u pH Hel= 2~H1A] 9 F 55,
HAA] A7 TE F 46, 2 0 F 54, 22P0E F 49-
5.0, SAIE 5.70)2kL 81932 Y(Hong and Min, 1997) &
Aol Mol Awk pHE thh Wt} T3 AR EES
A7V AlFS] pH7E 2TRTE F9kt) ool A9 o]
FALRES 7K AFe] pH7F HEFEY ta
Uehd 22 FEEE s e Tid, oprx
A 5o Edo| 95A8-S sk Aol 7|Rlske A=
AZFET) Ronald(1992y AW Al $-f-o] @de wk=
< Z3HA kAl pH 28-S sithal ST

3 = AEE U277} 324 mL, Al@TFE A7} 3.15
mL, A187 B7} 3.00 mLE 348 E H7ido] BeS
£ ylo} pHS}F W] Stttk pHE F40l2EEE vlo]
U9 AE8t¢Z BAIS A(Kim et al, 200402
Pyler(1988)= FAME = pHoll e A &= 2W74A] 7
Z57] Wil W A 9] pHEG T2k 4
o ¥ g3 v|XIYar 31931, Vollmare} Meuser(1992)=
WAz Al WS AR Ev BaATE AR ave}
ARt o 2 E3HE A)7)= sour dougholl A 2o F7]4k
o] A= o] Fr7} et Barstlnt

S 5i20| s}
FALEES Wlste] AZT W 7Y 7F BEGEA

N w =

pH and TTA (0.LN NaOH mL)

[

5
o
C A B

Treatments
Fig. 2. Effect of whey brew on pH and total titratable acidity

of breads. (1, pH; W, TTA; C, control; A, bread with
10% of whey brew; B, bread with 15% of whey brew.
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2 FHAC R FRIFS B4 AF= Fig 33 A
HE 1Y A FEFFS 2771 385%, AT A7t
38.8%, A&7 B7} 38.9%= LA E HrFl wet
Tl f-94 Zol7t AT (p<0.05). BE 7L tix
T7V 37.4%, AT A7} 38.0%, AT B7} 37.6%= H
E717o] BHslHE 2 AES HAow IdFUT B
EA FEEFY] s dETolA 2.9%, AT AdlA
2.1%, AT Bl 33%=Z AT AdlA 7S ATt
Lee(2005)= -3l acidophilus KCCM
328205 uHjU¥AIZl = Propionibacterium freudenreichii
KCCM 312272 29 aste] 4 F9¢ass W A
A = WAl 10% 7kt ke AlFY FEdEs =
A Ay BEZ|IZEe] Aol whe} tixTtek o] W3t
ARG 3FH A, Cha(2003)= D7FEE L. acidophilus®
EAIZ BEES IR ] 0%, 5%, 10%, 20% H7}
sl AZG WS FLHo] FEYFL FYF 23} R
£ Hrhel BAgle]l A9 ®¥ishrh Itk A=,
2 ARelME 9 EEE F7Hel wet 2folE yEh
A YT ©] A2 Erdogdu-Amoczky “5(1996)¢] RESol]
TS A7k F5-8c] SVl 3 A7l Maher
5(1978)0] W5l f7hhe 7k §5-&°] S7tslaL,
Fr80] Z71eFA 5Y3 240N RS ) AEe]
ko] =tk & A} Apolzt At

o

Latobacillus

TEEMTo| HE|

TAREES 7S s 79 7F BESHEA 2 1+
o7 FEIHYTE A3 dF= Fig 49 2o BE
A A hZF7F 0959, A]ET AZF 0966, A& B}
09642 27RO FALEE Hrldo] BSFE 77
A= =30t BE sYAE AL EE 10% H7t
st AT AZF 7S =9k olds AR BE 7Y A

395
390
)
E 385 |
€
[0}
IS
o
o
® 380
5
@
(e}
=
375
37.0
1 3 5 7
Time (day)

Fig. 3. Effect of whey brew on moisture content of breads. @,
control; [, bread with 10% of whey brew; A, bread with
15% of whey brew.
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Fig. 4. Changes of the water activity in breads with whey

brew. @, control; M, bread with 10% of whey brew; A,
bread with 15% of whey brew.

H

TUIHoH BHE 7Y S FEEARY TAFe
WETTF 1.35%, AlET A7) 1.15%, A1 B7F 1.56%
2 A9 A%} 7P AT QAo Al 3
=5 0.96 == (Erdogdu-Arnoczky et al., 1996) TE=
ol o1 W) 312 AR skl SERAAZ A
Skt FREAAIE AR SRS W] 3%
28 A shelf-lifes IFAT)L WS HEY
Al WHETH(Berkowitz and Oleksyk, 1991). A& A7}
Xl Hlgte FREHYETE =& A FdaE 3
frelo] e FEe FRERE iy, AlET ARG
AlEF BY FREAET B2 e FLEE &
ol e B ZRuAte] AR ASS Alste]
£ 3P} o} QHoN 78 o rze & ARt W
o) Yol Be FEFWR Sl Hola A0z o]
= AFY A F =3} AQdE G vEH Aoz A

O oo 1=

“
&

=

TALEES A7 s 79 7F BESHEA 2 7H4
o7 ZZA7F0 7 7% (hardness)ES #4138k A¥l+= Fig. 59}
2o A% 19 Ale diz7e) AlFT gl ALY Apelrt
Qsiont A47Ile] ATEE AT AT B
3 AETF B7F 7P AT AR 7IZre] st wet
AT A HE7}F Yol wo] REH1 =3t =Y A
o2 dSo] 7hsdhd ol AR aE = e
o) ofgt o] sMz8 A w3
w7}l Aoz A E3 AlFe] FESEE
Tof| S Fo] FEEEo] oW AHEr) Yol =
==X Fig. 3914 A&+ A FEE3o] =
© Aol XA Clarke 5(2002) 2AHS H71a
o Hk=9] pHE Y& A, Lactobacillus brevis L-62%}

oo fov

2
o
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Fig. 5. Effect of whey brew on crumb hardness of breads. @,
control; M, bread with 10% of whey brew; A, bread with
15% of whey brew.

Lactobacillus  plantarum 12-12 8] 3}e] WS starter
cultureZ- HESo] Y1 WHE WS- 74X7F HESPHA] A%
- 2AIZE 9 o] % 24X1%F 2hA 0 = o] HIAS ST
A3} gz vlske] FAkS HIKSE A, L. brevis L-62
2 WHE starter cultureE 7S A, L. plantarum 1.2-1%
WS starter culture® F7ISI] WHE A o7 H= G
1 3t B AYAME AIPT A7} 2R REYE
A A= AR ALEd 5(1999) 8 Az Al
E tjAl ZaA)7] -4 permeates FA71EMES w) AEo]
o Regoia 8999, Gujral®} Singh(1999)% W A%
Al BAES 0.05%°14 02%71A] 7k 7ol S71e
o wet o] FEg9] Aokl AL, BAS 0.1% 3
7Ftae We 77t Agkoy 0.2% H7Fetas e 2
= AR

7714t gtEke| Hs)

FAYEES e W] /713 S wAe A
+ Table 29} 2t} dlZFoA T8RS 193.73 mgke,
ZIAEL 111.96 mg/kg, AR 320.83 mg/kg AEH UL
Al A TR B2 o] AEH fo04 Ao
7} A} THp<0.05). ZE2 324k 2Tl HEHA| &
kom AP A= 1,117.21 mgkg, A8+ B= 1,713.55
mgkg AZFEo] FHLEE Hrlgo] BESTE A4Sl
Both A= 54 Al ZRI0Rte BAhAYe R ZAkS
o]-gate] ZEI4H 24 oliksteA 5& At Bt
I g SAANY. 2RIt R BAYS V|”RE
gt T2 a4k 24k AAHIES I oE 2:10]

[‘

.
©

[e) =
Propionibacterium shermaniiz. W& A TELEE Zo|H
22k 240 HIE-2 gHAshkET| © s

Table 2. Amount of acids in breads with whey brew

o Treatments (mg/kg) "
Organic acid
C A B
Succinic acid ~ 193.73£2.5"”  229.96+10.2° 255.27422.5¢
Lactic acid 111.96+3.2° 139.87+ 2.6° 148.5 £ 4.8¢
Acetic acid 329.83+5.8% 349.46+ 3.6° 380.65+ 6.2°
Propionic acid 0 +0.0° 1,117.21£12.5° 1,713.55+ 6.4°

DC, control; A, bread with 10% of whey brew; B, bread with 15%
of whey brew.

2Values are MeantSD, n=3.

**Means with the same letter in row are not significantly different
by duncan's range test (p<0.05).

&, AlE TG, AE tiAL Soll IS 71 wiiolth
Jennifer®} Nancy(1982)= homo® 21?1 L. acidophilus
o} P shermanii®] S FS Z 20| 4Hto] FIETH
lactateS A5 3le] Bol W= A ®FEA|F) 7] Wil P
shermanirs: D50 2 | v i} fikto s T3l
A MR BEE| T T2y Asgo] Fobick
2 3Tt Z2I A4S 3 mol9] calcium lactateS 2
mol propionate, 1 mol acetate, 1 mol CO,, 1 mol H,O=
kst (Mukhopadhyay et al., 1979). ©]7d2] Ago|A] X
= Az A R AR 540 26 sleel 4
Aol ik d 29 ihts S Azl e aE
& AW 1] S8R FALEEE FIE Bl 5
ol A AFollM FAEEES 10% H7F Al AF2
Ao} ol veiten], B 5 gkt f7140] T
AEHo] ol W k3ol A E S vE e
2 A7k

ALRES 7K W dsAAE A% Ao
Table 37} 2}, 2797} 45 F Faje gzt 714
H X )

A} Z9k31, Break & shred= A& B7} 71 Zofp @
Bxgo] £2] &2 A& Yt o]dg A=
JaaEdo] aiHEo] B 2l E o] AsiE FU
| WFo = A7t o F FEH A AlET B7F 23.6
Mo b de 94E ATk WA 17
279 AT AlA 914 Zfol7t (IUAL(p<0.05), W
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Table 3. Quality evaluation of white pan breads with whey

ferment
Portion Perfect Treatments "
Score C A B
External
Volume 10 9.4+0.4"  8.6+04°  7.4+0.6°
Color of crust 8 7.0£02%  7.6£02°%  6.6+0.4b™
Symmetry 3 2.8402%  2.6+0.2b* 2.4+0.4b"™
Evenness of bake 3 2.6£0.2%  2.8+0.2°  2.4+04"
Character of crust 3 2.6£0.4*  2.4+0.4% 24402
Break & shred 3 2.8£0.2%  2.8+0.2%®  2.4+0.2¢
External subtotal 30 27.2+0.6° 26.8+04" 23.6+0.4°
Internal
Grain 10 9.0£0.4®  9.0+0.6®  7.6+0.6°
Color of crumb 10 8.6£0.2°®  9.0+0.4%®  8.2+0.2°
Aroma 10 8.6£0.2°°  92+02%  7.8+0.4°
Taste 15 13.2£0.2° 13.8£0.2% 12.4+0.4°
Mastication 10 9.4£02® 9.4+04%  8.6+0.4°
Texture 15 14.4£02° 14.2+0.4% 13.8+0.4*
Internal subtotal 70 652402° 66.2+02° 59 +0.6°
Total score 100 91.840.6° 93 +0.2* 83 +0.6°

C, control; A, bread with 10% of whey brew; B, bread with 15%
of whey brew.

2Values are Mean+SD, n=3.

**Means with the same letter in row are not significantly different
by duncan's range test (p<0.05).
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