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Abstract

In this study, purple sweet potato bread was prepared by the addition of 0.005%, 0.010%, 0.015% and 0.020% hemicellulase.
It's effect on product quality and consumer evaluation were examined. The results showed that the dough pH and total
titratable acidity were not significantly different between samples. In the fermentation power of dough expansion, a 0.015%
addition sample was the highest between the samples. The bread pH decreased significantly as hemicellulase was increased,
whereas. Bread total titratable acidity was significantly decreased. The addition of hemicellulase samples were significantly
higher in specific volume and baking loss than the control sample. The moisture content was not significantly different
between samples. In colors, the lightness of the control sample was the highest, the redness of the 0.020% addition sample
was the lowest while the yellowness of the control was the lowest. The hardness and the fracturability decreased significantly
as hemicellulase was increased. The resilience indicated reverse effects. In consumer evaluation, the color and softness were
not significantly different between samples. And the hemicellulase addition of samples was higher in flavor than that of
the control sample. The overall acceptability was the highest at 5.67 with a 0.010% addition sample. According to these
results, the addition of 0.010% hemicellulase in purple sweet potato bread would be the optimum level.
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Aol e A-(Lee T 2007b; Song 5 2005), oA 2]
s J7HKim 5 2010; Kim & Joo 2010), anthocyanin A4 4~ 2]
ot Aol TS dH(Lee & Rhim 1997; Rhim & Lee 2002),
anthocyanin A4~ 9] &0 T3t AF(Lee S 2000; Rhim
2001; Shin & Shin 2007) So] Atk

Z| T ABEY AFstE W an7E SUHEL jlen, £
5] AMRe defo] w1 gA ¥ Ry =l #4149l
ol i gAlFe s Agtobrbal ok ddidlY] A 7%
4 Al digt BT a7t SHEL RARS J7HRE 4
o] ZIE glon, L4 AF-E(Lee & Ryu 2013), 4k
AZF(Song 5 2012), FHiS= 7FR(Joo 5 2012), 23] F 2Lt
(Kang 5 2011), 9] E2(Shin 5 2011), &= FadF
(Kim 5 2011), E70Y 2 (Choi SH. 2011) 5 A7} &4t
8] A= Qo U R R H7hs vhEo] ddsiA|
o A% AFY Rl g4 5 AH A4T B 231
QS TR, ol A7) 98] a-amylase, xylanase,
-glucanase, hemicellulase 5-2] B<=31& & Ax(carbohydrases) S
9 B ggass ARk A7t RnEa o ol
hemicellulase= petosans 7}-E35le] & AgdS5ES A4
AA S 7 F&0] AstEe| HEo] REHA =Hu
(Haseborg & Himmelstein 1988; McCleary 5 1986), HI< QA4
A FAAd 38 ks 2R S FYAA B 72
A, volume 7} € crumb®] Z =& FErhar St Collins
5 2006; Krishnarau & Hoseney 1994; Rouau 5 1994). wzhA]
¥ ATOINE AT B 15%E AT A
At Fu fAS {8k sudEdo]l= 0.005%, 0.010%,
0.015%, 0.020%(w/w) Bl &2 A7}stgon, olo] vz E4
I A AZo) nA= FFS A FujAdEY 0|29
22 A7Hge FHsisch
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(BaF, ABABEFAL AL, W), ARFAHA
S, AGAL AL, 7)), 2EY(HIAREY-free, T,
A&, 3 R AEA Z-(FEIII2ER, SR, S
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B AYe] AR ARSI
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2. Almo| Fix

slul g a0l ze] Hrlekg gala AL Auel v
Sl Table 10] Lehglom], Ak 244k (optimized
straight-dough method) 2.2 A &3} th FujdESgo|2E U
7} A& 0.005, 0.010, 0.015, 0.020%(w/w)2] v]&=Z A7}
S, 1 S TS 25T Alx 34 e
= Aol 2 #, 2EYS ALY ZE ARE TIN50
(ML104642), HOBART, Troy, USA)o] go] 1ol A 35, 2tk
oA 2& ¢ HIET F £EYS TS, 1doA 1&,
284 10587F S gc) WY HELEL 2741 Cr} B
£ 515l 239 w2 WA 7|(SMDG-36, Dachung Machinery
Co., Kyonggi-Do, Kwangju, Korea)ol| 4] 60& St 12} ¥ta s}
ILE 2T, AHEE 80%), 120 g2 Hatsle] 227
8kl A2200)o| A 2087 FPEAE Sttt 7tam7| &
3t & APste] S Y Far|oA 8087 23 HE(RE
32T, AEE 80%)S 3t the SIE 190C, ofHE 200C 2
of| g% 2 E(Deck Oven, Shinshin Machinery Co., Busan, Korea)

Table 1. Formula for purple sweet potato white breads with hemicellulase

Hemicellulase

Ingredients
0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
Wheat flour’(g) 255 255 255 255
Shortening(g) 15 15 15 15
Instant yeast(g) 39 39 39 39
Salt(g) 5 5 5 5
Vegetable cream powder(g) 9 9 9 9
Sugar(g) 18 18 18 18
Water(g) 195.9 195.9 195.9 195.9 195.9
Purple sweet potato powder”(g) 41.1 41.1 41.1 41.1 41.1
Hemicellulase(g) 0 0.015 0.030 0.045 0.060

Y Moisture content of wheat flour=14.00%. ? Moisture content of purple sweet potato powder=6.1%.
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4. HIRO| pHR} & A

2w HE29] pHE A& 10 g& 48 Pen-type pH meter
(PH-03, Proem, Seoul, Korea)2 £33} 11, & A== Association
of Cereal Research(Arbeitsgemeinschat 1994)2] A3 HlHo wh
2} 0.1 N NaOHZ pH 8.57}x] AAst &, 4~% 5 0.1 N NaOH
o FS nl 42 e leh

W stol ALgaHTh Aol B WHE 25 ¢ F3h 50 nle)
HAARCe] Yo F ARl Eue ByshA Eat 18
12} gtg 249 2% 32T, AtSEE 80%2] W 7|(SMDG-
36, Dachung Machinery Co., Seoul, Korea)ol| A 6027t W& 3}
HA 158 A0 2 S A5 ths 202 A4bsgith

Fermentation power of dough expansion(%) =
(17 %@ o] $u) - 12 WE Ao 2 /
13 9E Ae] Hujx100
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Almko] pHOF & AME= AR 10 g2 AW wkEat U3
Yo ZAsg
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Awko] Byl RS o] L3}l volumeter2 2A3 &

H-&ZH(ml/g) o2 YetlglaL, #7] &4 348L 471 A9 F

F T T FF A0lR 7] EHEWS ALtsTH
8. T &E
A YR 7

2 A AR 2 g2 FESH7I(MB4S,
Ohaus, Greifensee, Switzerland)E J

olg3tol ZAshsir.
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Cojedz - Al HERE LD

cm®] cellof] @31 Ax}A|(Chroma Meter, CR-200b, Minolta, Osaka,
Japan)E ARESH] L(Y =), a(+H A=/~ =AM E), +h(FHA )

o2 yehflh o o ARSE EEMEE 19710,
a=+0.13, b=+1.880] I} A3o| AL E WrpRo] MEL [~
73.04, a=—1.17, b=+7.730| Y1, AL} Buko] Mzl
1=44.18, a=+11.85, b=+5.200]%it}.

10. 2|F EM &

Aupe] o) EW BEL UAY 7.2 Mega Pixels
Digital Camera EX-Z750, Casio Computer Co., Tokyo, Japan)=
Ao] Qe H2 i E;AIZE HAIA] A EFst
et

1. =%

Al Y5O 221242 A RE 2 né] Fo]2 AE - texture
analyzer(Model TA-XT2i, Stable Micro Systems, Godalming,
England)E ©]-8-3}o] 100 mm compression plateS AF2Fs}al, A
25 23] d&Fog AJAFHE © PojA]= force-time curve
ZHE] A1 (hardness), 2244 (fracturability), -4 (resilience)
& 2Asigom, ojule] £4 ZAE Table 29 23k

12. sl

HeAAE =AY AE
22 9 A=W o]&s}
o] 48|z} 7|3 9] Hr) =2 M(color), BFu|(flavor), &=
& S(softness) Y g A2l 7]S = (overall acceptability)Z A]
qics] Eolaith: 04, FAE AAE et : S, thes] 4
offitt : 1oR UehidT, S4BES] BrlEe 1T
u} FHsweet potato flavor), THH(sweetness), B2

st sHY 10082
Y HEAZ Frhsigct. of

25(astringency),

Table 2. Operation condition of texture analyzer for purple
sweet potato white breads with hemicellulase

Mode Measure force in compression
Option TPA
Sample size 4x4x2 cm
Load cell 25 kg
Pre-test speed 2.0 mm/s
Test speed 1.0 mm/s
Post-test speed 1.0 mn/s
Distance 30%
Time 3 sec
Trigger type Auto-10 g
Data acquisition rate 200 pps

Probe and product data 100 mm compression plate
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A& (gumminess) Z o] F(off-flavor)E o} 418} Th(extreme) T zpo)7F ¢lATHp<0.05). Wk=9] pH= o] AE 9] &
193, A3 ¢lthnone) : 122 Yefich A9 &4 & AEE A&t AEE, Kim 5(2002)2 §H59] pH7} 5.0-5.5
A= 191E-Z 15 go 2 Asto] 3 Sakig HAlo gobA o wf CO, EfEo] 7HF 3132, Cauvail SP(2003)->
Alsstgct AHE Hd2 vo] - A 52 7155, 7 A pH7} B&48 CO, TA=Fo] F7ksh, w59 ot &

< 24, AEE e A A7 g2 22 A= A AT SHTh F AEE tETo] 440 mee] 3L, sfn| A
olo] A&ttt Ed°1= H7HREE2 4.37~4.40 meol o, A2 bl

JH < Atel7t SIATHp<0.05). o= H7HE= FudEd ol

13. A= Z7Fo| &Fo|BR pHE} F 4to] FFe vAA] 2 AL

2E AY A= SPSS T2 IF(SPSS 12.0 for windows, Z A=EHY
SPSS Inc., Chicago, IL, USA)2.2 EAHEX(ANOVA)S 3F%

1,7 2% B 1Y FYHL p<0.05 $EC 2 Duncand] 3. HIE WE W
RN EEeR AFshdrk slulagdlo| 29 Hrlee Gelstel Axa AYuTor
A gk o] WA AL Table 40] LekHIT WE ARH
21} U o of mE WE PHEL hran Auagdelz Y7 5
BE E Agl] Lojd4E $H08 F7H5HTHp<005)
1. Qe slulagdol2 Frlwel hE wa BFYL 1587} 308

Q7}2 0] AuAE O 2K 14.00%, 235 043%, 2|4} N ARE 7H) §-27 <l 2Fol7t §AIL(p<0.05), 4559
0.96%, ZTrilZ 12.43%, Ze3HE 72.18%2 UEhtal, &} L FujdEd o] = 0.015% HA7FEo] 62.12%=2 71 ko
A ytup Bako] AubgRL B 6.10%, 232 1.82%, o, YA J7FEEL 57.58~60.61%2 22 ¢l Ao] & 1t

A7 1.05%, 2992 6.97%, ZE,3HE 84.06%°] At EFA] FUTHp<0.05). 60EA = ESE 0.015% H7Eol
98.48%= 7MY} =2 7FS vEM gl oy, tiZo] 90.91%=
2. HER9| pHEt & AT 7P W e UElthp<0.05).
HulaEdo|ze WrlFe gelste] Az A muk
Ak HEZ-0] pHOl % AHE L= Table 30] UrEMQlch pHE o 4. AE9| pHOt T &=
273} v AEd o2 TS BT 5812 ARE T sl e ol =] Hrle gelste Az Mo}

Table 3. pH and total titratable acidity of purple sweet potato doughs with hemicellulase

Hemicellulase
0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
pH 5.81+0.01"? 5.8120.01 5.8120.01 5.8120.01 5.8120.01
TTA (m) 4.40£0.10™ 4.37+0.06 4.40+0.10 4.37+0.06 4.40+0.10

Values are meantstandard deviation(n=3). Means with the same superscripts in the row are significantly different(p<0.05).
D TTA=Total titratable acidity. ? Not significant.

Table 4. Fermentation power of dough expansion of purple sweet potato white breads with hemicellulase

Incubation time(min)

Hemicellulase

15 30 45 60
0(%) 3NS9 090,004V N$28.7942.63° B54.55+4.55 890.91+4.55"
0.005(%) N$10.61+2.63¢ N$30.3042.63° AB57 58+2.62° 2893 9442 62°
0.010(%) N510.61+2.63¢ NS33.33+2.62° AB60.61+2.63° 2B96.97+2.63°
0.015(%) N$10.61+2.63¢ NS34.8542.62° 462.1242.63" A08.48+2.63°
0.020(%) N510.61+2.63¢ NS31.82+4.55° AB59 09+4.55° AB95 454455

Values are meantstandard deviation(n=3). " Means with different small character superscripts in each row are significantly different(p<0.05).
? Means with different large character superscripts in each column are significantly different(p<0.05). ® Not significant
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Table 5. pH and total titratable acidity of purple sweet potato white breads with hemicellulase

Hemicellulase
0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
pH 5.454+0.00" 5.44+0.01 5.4340.01 5.4240.01 5.4240.02
TTA(ml) 5.00+0.10° 5.07+0.06™ 5.17+0.06" 5.17+0.06" 5.20+0.10*

Values are meantstandard deviation(n=3). Means with the same superscripts in the row are significantly different(p<0.05).

A1%9] pHO} F A== Table 5o Ueh it pHe 2
o] 54502 M AL, S 0|2 H7HEES 542~
S44019l o, 223} FuAdEY el J7HEES F94
Al 2ol S UERHA] g 3kThp<0.05). ©]= Kim $(2008)2] &
Tt AR AF A TS Uil e, ol gnjAdEY o]=a
oJsf ZAitdt 24t 5 f7lAbe] BAET] WEolzt B
skt £ A== FuAdEel= 0.010, 0.015, 0.020 % 3
7hlAE F9AQl Aol e, dExdi= F9F <
Aol 5 U AtH(p<0.05).

5. HIE=3t =7

simpagelolz e Wl gelsed Axe At
A]-2] H]-8-Z|(specific volume)} 7] ¢=4lE(baking loss)
Table 69 YEFRATE H]-8Z(specific volume)2 T 0]
3.52 ml/ge 2 713 1okal, FujdE ol = 0.015% A7+
390 m/ge 2 fojFo g 7} w2 g UEt 97 &
Al E(baking loss)2 TjZ70] 12.63%2 713 @Fetow 7}
Fo| FoHE FoF ez F715 3 thp<0.05). Kim & Ryu
(1997)} Lee & Park(2011)9] 47 B =} 11510} 2 7}eko]
Z7le4g Aue] Bus) 2hashs 238 degdls, A

AL =
SsAlE

whe] 33l W5 AE), glutenin®} gliadin T, 4-HE48,
9 Rwo] R won, AunTo Wl v Aol
Z7lol 22 T PR Tk Baeo] WobA Rzl 74
O sich 2 ABE Sulgol= Wrlol net Auel
Fu)7t Skt A3 A9 el FAFSho(Haseborg &
Himmelstein 1988; Kim % 2008; Yeom %5 2010), &X}A 112n}
olglol 7154 BAR A7t A] Fashi Aol Rulg )
A % Qe Rolek AR, ES Maat 5199 &
27502 2 BT ¢-amylase?} xylanaseZ} £33
o F » u AWAdo] gArE 1, Dagdelen & Gocmen(2007)
2 glucose oxidase®} 3f|nAdEd| 0] = 9] 23}o] H]-E-A T} crumb
728 APl it st
a2t

Sul g ol ze] Arlee Geisto] Axe AN T}
Kupe] 28 gere Table 79 Leh ek 3 e fx
0] 41.87%0] 1T, B A 0] = HIALEL 41.75-41.88%
ojlem, AlgS Tt F9&Ql AolE YetlA gkttt
(p<0.05). Kim 5(2008)2 " A| = A| su]d R o|=5 {7}

318l pentosano] 714 Bajelo] o] & F4o] wolA,

6. T=

Table 6. Specific volume and baking loss of purple sweet potato white breads with hemicellulase

Hemicellulase Bread weight(g) Bread volume(md) Specific volume(m{/g) Baking loss(%)
0(%) 104.84+1.09° 368.75+10.90° 3.5240.11° 12.63£0.91¢
0.005(%) 103.96:0.70° 372.92415.59° 3.5940.15° 13.37+0.58°
0.010(%) 103.811.03% 395.17+12.19° 3.8140.13° 13.49+0.86™
0.015(%) 102.98+0.38¢ 401.33+26.70° 3.9040.27° 14.19+0.31°
0.020(%) 103.19+0.57¢ 394.17+18.81° 3.82+0.17° 14.01£0.47%

Values are meantstandard deviation(n=12). Means with the same superscripts in the column are significantly different(p<0.05).

Table 7. Moisture content of purple sweet potato white breads with hemicellulase

Hemicellulase
0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
Moisture content(%) 41.87+0.30™" 41.81+0.25 41.75+0.18 41.81+0.12 41.88+0.14

Values are meantstandard deviation(n=15). Means with the same superscripts in the row are significantly different(p<0.05).

Y Not significant.
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Fud g o)z Hrtge gty A=g A it
A)w-o] M= Table 80 YEPH It B=E YehgE Lt
2 diz2o] 331302 7P} w4, SnjdEY o= MUkt
E2 3202-33.060]1%l o1, 2 H T} Fu]dEH 0|2 H7t
=0 FYH LR FYTHp<0.05). ANME=E UEf= agh
tjzto] 83701 Fu]dlEY 0|2 H7EE2 8.13~8.440]
Rom, 0.005% H7bEe AQsta rFE FnjdE
#ol= HrEEe] FYFH o2 WoTh(p<0.05). 121 A

Table 8. Color of purple sweet potato white breads with
hemicellulase

Hemicellulase L a b

0(%) 33.1340.43* 8.37+0.27* 7.14£0.91°
0.005(%) 32.73+0.31° 8.44+0.14* 7.71+0.44°
0.010(%) 33.06+0.44" 8.32+0.20° 7.86+0.36"
0.015(%) 32.3440.32° 8.22+0.21% 7.71+0.25%
0.020(%) 32.02+0.32¢ 8.13+0.23° 7.34+0.33°

Values are meantstandard deviation (n=36).
Means with the same superscripts in the column are significantly
different (p<0.05).

sluldEe o= M7 Ao Aol FA| e FF 27

£2 UehiE bRhe R To] 7142 7P Wk, sn| g
o]z AIFEEL 7.34-7.860] 900, Snl B 0| = W7}
FE0] TR tha £ e UERThp<0.05).

8. 2§ IEH zha

S AEH 0|29 H7IFS E|ste] A=g A tat
Alure] o F #H FEL Fig 1o Yehich 742 A
FE 7l 2 Aol7t glled, FudEd ol= HrtEo]
f2FE} volumeT}t Fo|7F A F R F9Urt

9. =3zt

FudEG 0|29 H7IEFE gty AxF A aiat
Aluho] 2Z7F2 Table 9o YebH It 7 31/ (hardness)-
2o 57.67 g2 7FAF =9k, 0.005% H7HE 49.62 g,
0.010% H7HE 4040 g, 0.015% H7HE 36.96 g, 0.020% H7+
33.85 g2 &2 FuldEH 0|2 HrlFFo] 7S FoFo

23l TH(p<0.05). FA1 = A (fracturability)S T Z7-o] 10.39
g0 2 7} gty FujdEd o= HA7FEEL 10.07~10.27
gollom, sujdEd o] = A7tge] S7FERE foFeR
a3 tHp<0.05). B A (resilience)S thZ7o] 1.850]%
1, Fujd S o] = A7FEEL 1.80~2.000]92.H, 0.005% &
7S A9t FuAdEYo]= HrEo] xR &
A O 2 FSITHp<0.05). Ao Aol FEFE v|A]= &

0% 0.005% 0.010% 0.015% 0.020%
Fig. 1. External surface appearance of purple sweet potato white breads with hemicellulase.
Table 9. Textural characteristics of purple sweet potato white breads with hemicellulase
Hemicellulase

0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
Hardness(g) 57.67+6.66° 49.62+4.57° 40.40+:4.64° 36.96+8.28% 33.8544.37°
Fracturability(g) 10.39+0.14* 10.270.10° 10.17+0.10° 10.110.16* 10.070.08*
Resilience 1.85+0.29™ 1.80+0.34° 1.95+0.03™ 1.99+0.06 2.00+0.04"

Values are meantstandard deviation(n=18). Means with the same

superscripts in the row are significantly different(p<0.05).
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FudEe 0|29 FrtgFE gEjdte] Axg Ay tap
Alro] 4u|2L 715 % HAF A3k Table 100 Yeb ot
A(color)Z i 2Fo] 57901, FmjdEH )= H7HEE
< 570-59602 7S ol 7oHQl 2ol S YERA
G THp<0.05). FFu|(flavor) = 20| 4812 7P @9kl
FuldEH 0|2 H7FEEL 5.01~53602 YR HTE 52
Ao R =UTHp<0.05). FE3(softness)> A= Zhell
A AolE UEHA] R (p<0.05), 0.010% M7+
o] 5872 7MY 2 S YEHtE S8 7] T = (overall
acceptability)= J|u|AEF o]= 0.010%2} 0.005% H7}~0]
217} 567, 5.642 BT, F APTEL 492 o2 1t
EFJA] 9FQETH(p<0.05). Lee SY(2008)2F An 5(2008)2] &
oAl AL B7 A, REZ it B 7P =3
o FAQl 713 e g 7P #2 AeE UEUGL, 2
AN REFFo] ZAHOR F9o5t Xpo|& UERXA]

%

L geF - olgF - WA A E G F|A

B UL p<0.05), 0.010% F7tto] REdd FE2< 7]
I ZoA 7P & AHS4E UE it sndEde]l=9 A
7S gdelste] A2e AMaatap Ao £4 e HA
A= Table 119 Ve ITE 123 018Ksweet potato flavor)
2 dx2to] 43022 7P RokaL FnAdEYel= Hrk
=2 4.89~5.640|%l o1, FujAdlEeo]= H7tFo] ol
2 990z Z7}5}9 thp<0.05). Tk (sweetness)S T2
0] 33022 7P 2L, FuAEY ]2 7SS 3.80~
4.05019leH, ujdlEgeo]l= HrttEo] xR 79
o2 =UtHp<0.05). B-&Ulastringency)L &) 3.12
o]l FmAlEF 0|2 F7HEEE 2963452 A= 1t
of F&A <l ApolE YeERHA] F3Thp<0.05). 2 2Hd(gummi-
ness)> 2to] 45701913, fnjAdEY 0|2 HrHES 4.54~
5052 AgT= Tl §o4R1 Aolg UehliA] J3tthp<0.05).
o] F(off-flavor)y= AAZS Ztoll FAA Y ZolE UEA]
SFFTHp<0.05).

o] A Aol A ¥k e HAE, Ao H]-§3F,
227 MR} 7|2 9 EATE 59 F4 B4 1

[e]

%3

o, FjAE ]2 0.010%7F 2A Hrlges 2
o OF
u =

su]AEY o] 2F 0.005%, 0.010%, 0.015%, 0.020%S 3

Table 10. Consumer acceptance of purple sweet potato white breads with hemicellulase

Hemicellulase

0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
Color 5.79+1.11ND 5.79+1.13 5.96+1.07 5.73+1.28 5.70+1.27
Flavor 4.81+1.41° 5.24+1.30® 5.36+1.30° 5.01+1.51%® 5.08+1.48%
Softness 5.64+1.64 5.82+1.31 5.87+1.25 5.43+1.63 5.46+1.65
Overall acceptability 5.32+1.41% 5.64+1.19° 5.67+1.20° 5.19+1.45° 520+1.41°

Values are meantstandard deviation(n=100). Means with the same superscripts in the row are significantly different(p<0.05).

D Not significant.

Table 11. Characteristic intensity of purple sweet potato white breads with hemicellulase

Hemicellulase

0(%) 0.005(%) 0.010(%) 0.015(%) 0.020(%)
Sweet potato flavor 4.30+2.18° 4.89+1.74° 5.18+1.64% 5.35+1.83% 5.64+1.75°
Sweetness 3.30+1.80° 3.80+1.63% 4.05+1.68" 4.01%1.85° 3.98+1.83
Astringency 3.12+1.75MD 2.99+1.65 2.96+1.73 3.37+1.83 3.45+1.82
Gumminess 4.57+1.45" 4.54+1.54 4.67+1.56 5.05+1.72 4.81+1.81
Off-flavor 3.87+2.01™ 3.42+1.76 3.43+1.76 3.85+1.89 3.76+2.03

Values are meantstandard deviation(n=100). Means with the same superscripts in the row are significantly different(p<0.05).

Y Not significant.
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7V A mTl A2 Auke] 4 4T BEHAE A
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Selo)= il WE BE BHYL 4580 O
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