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[Table 1] Formula of Apple fruit starter bread with Hemp seed powder

(g)
Hemp seed powder(%6)
Samples
0 3 6 9 12
Vgheat 1200.0 1164.0 11280 1092.0 1056.0
our
Stater 600.0 600.0 600.0 600.0 600.0
Hemp seed 0 36 72 108 144
powder
Water 600.0 600.0 600.0 600.0 600.0
ESa 60.0 60.0 60.0 60.0 60.0
Milk 720 720 72.0 720 720
Salt 216 216 216 216 216
Shortening 60.0 60.0 60.0 60.0 60.0
Yeast 6.0 6.0 6.0 6.0 6.0
Molt 2.4 2.4 2.4 2.4 2.4
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CUERR AR
[e]
Co., Seoul, Korea)& Ag3] #4383}

9) 2o Ax A
I Fe] Hubgre] wE A Mx A2 AAA (CR-20,
Konica Minota Co., Tokyo, Japan)E A}g3Fe] Hunter's value L%k
), atk(FA %), b (N E)S 43S

(292

10) 2% B4 54
A= Bk 2 =42 Texture Analyzer(TAXT PLUS)
Stable Micro System Co. Ltd.,, Surrey, UK)& ©¢]83}¢] TPA(texture
profile analysis)® =433, F74 10mm= AS 2w 2%S X7
=A3stt, = AL Table 29F Zom =3 3 Aolz force—distance

73 %= (hardness), = A (springiness),

curveil‘%ﬂ
A A (cohesiveness), 2 (gumminess)™® % 34 (chewiness)S 53] W=

bol Witghe aheieh
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[Table 2] Operating condition of texture analyzer for bread

Classification Qualification

Instrument TAXT PLUS(Stable Micro System Co., Surrey, UK)
Test mode Measure force compression

Option Return to start

Pre—test speed 1.0 mm/s
Test speed 1.0 mm/s
Post—test speed 5.0 mm/s
Distance 50%

Calibrate probe P/36

TEEF 5L AW 1gs ol b HeAHA FESH7I(ML-50,
A&D Co., Tokyo, Japan)E o|-&3}o] 33] WbE =A% & 1 43S

Tt

12) A%e] #sHA 53

YF(Taste), 913 (Appearance), A7 (Texture), AAZA<Sl A3 % (Overall

Preference)® 7z} 541 & 15% line—scale® H7}8tch 18-S ‘¢ £4
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e, 1542 ‘% 5’07 HUuIE i
13) SAEH

AT BE AP A= 33 ol vhE 5453, HolH 4> SPSS
(Statistical Package for Social Sciences, ver. 21.0, SPSS Inc., Chicago, IL,
USA) L2035 o] &3l 'Ho + EFAAE AL, dix19F 23

T7Fe] F9] & ¢l xpo]:= Student's t—test H LG u) X EAHEA (one way

N =
o] A}o] €] correlation coefficientES A3l ‘ﬂr. A A uf x| FAFEA] So] f-o
A A A& Duncan’s multiple range test Res

Aol & AZ 3T,

il
m)
>,
ol
ol
£
N
&
1o
>,
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A1 REAE BRg Wb o] FASA

D A+E pH 54 2%

AAdgFow Wes AxT wo FHe pHE Tad HALEE
Aesir A 2443 Fddee 2549 o S 7Hestl sh7] wiel
o] T a3tk A ek, 2009)

AT S AT FLEH 3dAA dET pH WEE SAskglon
A= obefe] Table 33 Fig. 1o AIA ST Abkge] pHEA A3,
A ES Az A$o) pHYE 54707 7P ko 194ke] pHi 4.82,
292z 3.97, 3LATE 3772 FEARF] weEh frefHoew vopxy
(p<0.05). At#+E<] pH7F Adtate A9l AL aFo] LasI= A7
HAojAeE wady Fo FAHE e st AREHE {714t
%k Zlolgt FRAaL(o]AE, 2007), HFR(2018)2] At} AHE AHAFS

1

A7}k Sourdough Bread ¥4 SAAT HE3t 22 A& YESIT

H og M
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[Table 3] pH of Apple liquid starter

Samples PH
0 5.47+0.02Y2
1 4.82+0.01°
2 3.97+0.01°¢
3 3.77+0.03¢
F-value 4686.115™"

“* P<0.05.
DAIll values are mean®SD.
YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 1] pH of Apple liquid starter
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ol AMRFe] JEE 6.73°Brix® 7P G SAEA, HE 1A=
7.07°Brix® 7FE =4 SAFALH 2UA= 6.97°Brix, 3¢ A=
6.93°Brix® A}Eo] Fmrt A} vropA= AFE Bl Gk 19 A
o 7P A vehdes 42 HeF, A9H, Aed(2014)9] HFE ol
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sourdough 21" T3k ¥y 0Y =k 3.80°Brix, &a 1¥2tel 4.57°Brix= 7}
& Estorn] daxgto] dojdas foldor vropxnt, ol Aat= A

=

.
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[Table 4] Changes in sugar degree of starter by different addition

time of Apple liquid starter during fermentation

Fermentation time (days) °Brix
0 6.73+0.152”""
1 7.07+0.23?
2 6.97+0.06™
3 6.93+0.06™
F-value 2.813""

“* P<0.05.
YAl values are mean£SD.

YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 2] Changes in sugar degree of starter by different addition time of

Apple liquid starter during fermentation.
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3} (Takeya K, 2003).

AbES e HARFEF 95S 1247 A £ 3647 B9 pHE =4
shlom A¥= Table 59 Fig. 3o YERNSITE 36A1%2] pH7} 3.900.=
7FE 35S pHEES UERe™ 1247k 244)2k9] pHE 3.709F 3.89%
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5.15~5.74% & AW pH7F A YEtst=t, o= Abte] A7 v
H7beel mls) b7 sFof AW wkse] 94 Abk<l pHE.5(HE, 2007)

BT} Solxl R o7 gekE T

[Table 5] pH of bread dough using Apple liquid starter

Samples PH
12 3.79+0.00¢
24 3.89+0.00°
36 3.90£0.00?
F-value 45.500™"

* P<0.05.
DAIll values are mean£SD.

YMean£SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 3] pH of bread dough using Apple Fruit
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fQto m FARAY. 1elal SFRle FRFFE0] T7ksAA F=e9A
dispersed sol AE}7} HTH(HA L, 2009).

FEA = FHol H7F Sl mE AW vk=9] pHSA A 3= <Table 6,
Fig. 4>l UE AT} w9 pHEA A7, iz = 22 129 H7F- pH
5.42 > 9% A7} pH 5.37 > 6% 7 pH 5.16 > 3% #7F+ pH 4.92 >
A7 pH 4.77 0.2 YEh A= B HIbo]l SUhgkel whet
FoHor Frlstes s AU & AAJT(p<0.05). old A=
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wEel pH7E H7be Al ¥ele] pHol weh 2rbsgiths 97 At

[Table 6] pH of bread dough using Hemp seed powder

Samples PH
CON 4.77+0.00Y<?
H-3 4.92+0.01¢
H-6 5.16+£0.00°
H-9 5.37+0.01°
H-12 5.42+0.00?

F-value 6707.228""

“* P<0.05.
YAIl values are mean®SD.
YMeanSD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 4] pH of bread dough using Hamp seed powder
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[Table 7] Changes in volume of bread dough using Hemp seed powder

during fermentation

Fermentation Starter(%)
time
(hr) 0 3 6 9 12 F—value
0 45.67£0.58' 46.00£0.00 44, 00£0.00 45.67£0.58 45.67£0.58 500
)12) G .
o 87.33%0.58" 68.000.00" 68.67%1.15" 69.33+0.58 69.00£1.00 4 oo 0ees
1sL E bE bE E aD .
Fermen
tation 1, 109. 8Q+1 .0 116. 8O+0 .0 116. 8o+2 .0 115, 8o+1 0 115.00+1.00° g gyg
180 123.82%;;1.0 125.89311.0 122.8153;;2.0 120.89310.0 120.00£2.00° 4 7500
b a a c
910 51.67£0.58" 52.33+0.58" 53.00£1.00° 50.67£0.58° 50.33£0.58 g e
2nd .
Fermen 240 92:00£0.00 101.§§Di0.5 101.gZDJ_ro.5 1oo.gZDJ_ro.5 97.33£1.15 {46571
tation
970 127. 89+1 .0 131. 89+1 .0 131. 237+0 5 122. g;+o 5 116.67£0.58 g5 167+
F—value 5.899.528" 9.890.833" 2,329.333" 8,715.542" £:617.9477
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“* P<0.05.
DAl values are mean£SD.
2'Mean£SD with different superscript are significantly different (p<0.05) by

Duncan's multiple range test. " Means Duncan's multiple range test for different

addition(row). ““®Means Duncan's multiple range test for fermentation
time (column).
140 r
7y
120 F
100
=
€ 80 + =4=CON
]
€ == H-3
2 60 -
S =f=H-6
40 | =>=H-9
20 k = H-12
0 Il 1 L 1 1 1 J
0 60 120 180 210 240 270

Fermentation time(min)

[Fig. 5] Changes in volume of bread dough using Hemp seed powder

during fermentation

6) ZIANE £F 4% w59 14 &d ¥ pH 54 23}

AgsgolA g B pHe H7hd 959 A% 45 28 S o

[e}
dafutol el x| a1(Luccaa PA, Tepper BJ. 1994) I3t 989 pHE
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Sggo s WEY AP FAS FAT 5 Arkn SHAHIAE, 2009).

sl WbE ke ARUE BTAE PR Aol

g Azt 52t pH 574 A3+ Table 8% Fig.

6ol ERNRIEE AT 2zt HAT o FAY felde ATl
T

2§49l Aol B % 4 AATHP<0.05). LA = L] pHiz

oke] A wiEe] pH W& Azeh Pol el Arkl meh 14 i
Fol = WEe pH7 W7heel welstel 2749 om weH,

[Table 8] pH of bread dough using Hemp seed powder after 1st

fermentation
Samples PH
CON 4.11+0.017%
H-3 4.17+0.00°
H-6 4.30£0.00¢
H-9 4.41+0.00°
H-12 4.45+0.00%
F-value 5642.528""
“* P<0.05.

DAl values are mean=£SD.
YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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A= FHo| Hrpepel] whE 2] FA|, Fu], w84 1elal w7] &
A& (%)o] 54 A= otg2l Table 9, Fig. 7, Fig. 8, Fig. 9o veRA I
A= dl27)F 495.00g0.2 71 yhopor, il = s H7ksk b
Toll A= 495.67g ~ 499.17g0 = IR HIIEFo] Sty E Ao
A= Fodoz Z7eRqtH(p<0.05). F3&= =47 1702.67TmL= 7}
=okom HIFtE 3%, 6%, 9%, 12% = A ZIH = Bao] H7teks FI1A
Zollwkel 1617.00mL, 1596.67mL, 1539.00mL, 1331.67mL= #3]7} #-¢]%]
o7 4R oM (p<0.05), 53] 12%2] HA7FrollME Fu7F d A3 3a
ste] o) dom FHo] AstES 0% & Ut FEZRX = F-S HUtsh
| o] 0% M 12% % Sold= o

A0 2 skt (p<0.05). thE7-9] H]&-42 3.44mL/go] o™ 3%, 6%,
9% 2 12% H7F+2] v84L 3.26mL/g ~ 2.67TmL/go2 IR = Fido

fol F71T5S v gAL ghAAT B7] EUEES DETI} 8.33% 0%

A
Vg wka AEINE B AU 8.21% ~ 7.56%% PIANE BUS 3
7bel= kol 5@ w7|EAES txT ol Hete] FYH o R Fase
A HAH(p<0.05).

LA E Rbe] Hhapel] whe 2w FA(g), %31 (mL), ¥4 (mL/g),
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w3 (2.62%, data not shown)o] H7FFe] FF3(12.41%, data not
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[Table 9] Weight, volume, specific volume and baking loss of bread

using Hemp seed powder

Specific Baking Loss

Samples Weight(g) Volume(mL) volume(mL/g) (%)
(0]

CON 495.00+0.00"? 1702.67+4.93° 3.44+0.01"% 8.33+0.00"

I5=3 495.67+0.58° 1617.00+7.94° 3.26+0.02° 8.21+0.10°
H-6 496.83+0.76" 1596.67+10.41° 3.21+0.02° 7.99£0.14°
H-9 497.67+0.58" 1539.00£33.51°¢ 3.09+0.06¢ 7.84+0.10°
H-12 499.17+0.76% 1331.67+18.93¢ 2.67+0.04¢ 7.56+0.14°
F-value 22.205™ 173.279™ 208.231" 22.230™"
* P<0.05.

DAl values are mean®SD.
YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 7] Volume of bread dough using Hemp seed powder.
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[Fig. 8] Specific volume of bread dough using Hemp seed powder.
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[Fig. 9] Baking loss of bread dough using Hemp seed powder.
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[Table 10] pH of bread using Hemp seed powder during storage
Samples PH (%)
CON 4.04+0.00"°?
H-3 4.07+0.00¢
H-6 4.13£0.00¢
H-9 4.22+0.00°
H-12 4.30+£0.00%
F-value 5252.660""
“* P<0.05.
YAll values are mean+SD.
“Mean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 10] pH of bread using Hemp seed powder during storage.
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powder.
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A= o mE AW(£5)9 M 54 A= Table 11, Fig
120] AA AT o] Lak(H =, Lightness) ¥ agk(H M=, Redness) L8] il
b #(EAME,  Yellowness) =EF ZF A|=5Z] {42 zol&
B (p<0.05). LS thx=77F 76.300 2 7Md Hga AT = Rut
A7}eFol ZFrhetol whel 75.83, 74.80, 71.10, 68.872 HH grolxitl
H-129] ¢t& iz 7.43 A= o2 gk Jehlideh agtS dix=+7F
0.430.2 74 2 38 YeEl Sl H-3-2 0.33, H-63 H-9+= 0.302.2
Axp gropdtizh oAl H—-12014 0.330.% Folbhul. bt tixT7}f
13.872 71 Wk ZN= Baro) Hgo] TS 14.27, 14.77,
15.07, 154002 4oz =obHthH(p<0.05).

2mk(g)e] Me =4 AxE Table 12, Fig. 133 go] A=ZH= 2
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Auk(&)e] Aol e AIE YUt ol FIZA= BE o
Bo5E Aol A gl &o] Mo Lgke] Yolx Hak o F9A= BEFES
Uehll= Aoz @tk aghe H-30] 16,7002 7H¢ &3 H-127F
15.200.% 7P w2gks vetlo] ZF A8 {93 ApolE AT
b#tS tZTF7F 34132 7H4 =9k H-32 30.20, H-62 20.13, H-9+&
24,5002 A WolA vy} ThA H-1204 27.4002 olxl AdE
Helgo] H-99F Fol# <l zel7t fldvh(p<0.05). FZHA = e
A7 el mE Aol M= FEM s Hriko]l SUFER agh, bk, Lake
B giAq oz hadte] @Zs= Bie] Hriel WA #AV deS

Mo ST 4 v
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[Table 11] Hunter’'s color value of bread using Hemp seed

powder(crumb)

Samples L a b
CON 76.30+0.46"42 0.43+0.06? 13.87+0.76°
H-3 75.83+0.32° 0.33+0.06% 14.27+0.35"
H-6 74.80+0.10° 0.30+0.10° 14.77+0.582>
H-9 71.10+0.61° 0.30+0.00° 15.07+0.25%
H-12 68.87+0.21° 0.33+0.06%° 15.40+0.40°

F-value 214.464""" 2.250"" 4.475°

* P<0.001.

YAl values are mean®SD.
YMean®SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 12] Hunter's color value of bread using Hemp seed
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[Table 12]

Hunter’s color value of bread using

Hemp seed

powder(crust)

Samples L a b
CON 58.47+0.55122) 15.47+0.322° 34.13+0.47°
H-3 50.77+0.35° 16.70+0.53° 30.20+0.26°
H-6 49.60+1.21° 16.67+1.072 29.13+1.01°
H-9 45.07+0.38¢ 16.30+0.20% 24.50+0.10°
H-12 47.90+0.78° 15.20+0.78° 27.40+0.36¢

F-value 142.262"* 3.319"" 130.243°"

“* P<0.05.

DAl values are mean=+SD.

YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 13] Hunter’s color value of bread using Hemp seed powder.(crust)
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[Table 13] Changes in texture characteristics of bread using Hemp seed

powder

Storage day 0 3 6 9 12 F—value

1)
0.36%£0.027  4940.05% 0.5340.04¢ 0.63+0.07" 1.00+0.07* 111.435™

1.04£0.08*

Hardness 0.84%0.16° 0.95+0.06™ 1.07+0.12* 1.19+0.11*  4.025™

(kg) 1.23+0.13° 1.12£0.12* 1.19£0.17* 1.26£0.06* 1.31£0.10° 1.056™

1.57£0.05* 1.31£0.03" 1.35£0.07" 1.38+0.10" 1.44+0.06* 6.333"

0.914+0.03% 0.924+0.01* 0.9340.02% 0.92+0.00* 0.88+0.01" 4.048""
0.96+0.01* 0.90£0.01° 0.91+0.03" 0.89£0.02" 0.91+0.02"> 7.056"
0.88+0.02% 0.89+0.01* 0.88+0.02% 0.88+0.01* 0.87+0.00*  .645"
0.88+0.02% 0.85+0.01° 0.89+0.01* 0.87+£0.03%* 0.88+0.01* 2,218

Springi

ness

0.80£0.01* 0.81%0.04* 0.7840.03% 0.76+0.03* 0.71£0.06" 5.416™"

Cohesive 0.76+0.08" 0.64+0.01" 0.62+0.02" 0.60+0.03" 0.61£0.01" 7.423™

0.55%0.08* 0.48%0.08* 0.53%£0.02* 0.52%0.02* 0.49£0.03* .797™

0.2940.01° 0.34£0.04* 0.42£0.03° 0.48+0.05" 0.71+0.03* 101.368™
0.63£0.08* 0.61£0.03" 0.65+0.04* 0.65+0.04* 0.72£0.05* 1.982"
0.75%0.03* 0.72£0.07* 0.66£0.07" 0.72+0.07* 0.70£0.04* 466"

0.85+0.12% 0.63%0.11° 0.71£0.06™ 0.72£0.07* 0.70+0.03*  2.686™"

Gummines

S

0.26%0.02° 0.31£0.04" 0.39£0.02° 0.44+0.04* 0.63+0.03* 91.858™
0.61£0.07* 0.55%0.02" 0.59+0.03" 0.58+0.04" 0.66+0.03* 2.812™"
0.67%0.02* 0.63£0.06° 0.58+0.06" 0.64+0.06* 0.60+0.04* 342"
0.75£0.12% 0.54£0.10" 0.63%+0.06™ 0.62£0.07* 0.62+0.03*  2.697™"

0
2
4
6
0
2
4
6
0
2
ness 4 0.61£0.05% 0.64%0.00° 0.560,05% 0-58£0.03" (534091 oo

6
0
2
4
6
0
Chewiness ’
4

6

** P<0.05.

DAl values are mean®SD.
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Y Mean®SD with different superscript are significantly different (p<0.05) by
Duncan's multiple range test. * “Means Duncan's multiple range test for different

addition(row).

i8 r
is -
i -~
12

08 -
06

04 r
| =¢—con —E—H-3 —&—HE =HI —H-12

0.2

) 2 4 & {day)

[Fig. 14] Changes in hardness of bread using Hemp seed powder.

_48_



WA= v

[Fig.

98
096

;54

15]

0.3
08
0.7
06
0.3
04
03
0.2
01

- ——=C0ON =ll=H-3 =—dh—HE =0 =E=H-12

0 2 4 6 [day)

Changes in springness of bread using Hemp seed powder.

| e CON el H-3 el H-f  sseem g ssebem]2

0 2 4 6 (day)

_49_



[Fig. 16] Changes in cohesiveness of bread using Hemp seed powder
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[Fig. 17] Changes in gumminess of bread using Hemp seed powder.
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[Fig. 18] Changes in chewiness of bread using Hemp seed powder.
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[Table 14] Changes in Moisture content of bread using Hemp seed

powder

Samples Moisture
CON 37.37+0.50V?
H-3 37.73+0.12
H-6 38.03+0.06%°
H-9 38.17+0.12°°
H-12 38.33+0.06"

F-value 7.657""

“* P<0.05.

DAll values are mean®SD.
YMean+SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 19] Changes in Moisture content of bread using Hemp seed

Moisture

powder
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[Table 15] Sensory evaluation of bread using Hemp seed powder

Starter Overall
Color Flavor Taste Appearanc Texture

(%) e preference
Con 12.70+£2.16° 11.10+1.85* 10.30+2.11° 12.50+2.55* 11.50+2.27° 11.30+2.21?"
H-3 12.30£1.70® 11.20+1.75* 11.40+1.90%® 12.10+1.52%" 12.10£1.37* 11.70+1.50%®
H-6  12.10£2.02* 11.60+1.96° 12.40+0.97° 10.80£2.49% 11.10+2.08% 12.10+1.45°
H-9  10.60£1.43 11.40+0.97° 11.70+0.67*° 10.50+1.18> 10.50+1.78%® 11.20+0.79*
H-12  10.10#2.13° 11.10+1.60° 10.70+2.63%® 8.10+1.73° 8.70+2.87° 10.00+2.50°
F-value 3.553"" .170* 2.096"** 7.715** 3.716* 1.937**

** P<0.05.

DAl values are mean®SD.

YMean®SD with different superscript within a column are significantly

different (p<0.05) by Duncan's multiple range test.
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[Fig. 20] Sensory evaluation of bread using Hemp seed powder.
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ABSTRACT

Quality Characteristics and Storage of Bread Added
with Apple Fermented Starter and Hamp Seed Powder

kim, So—Young
Major in Food Service Management

Dept. of Hotel, Tourism and

Restaurant Management

Graduate School of Business

Administration

Hansung University

The purpose of this study was to investigate commercial availability
of an apple fermented starter as the alternative of instant yeast and
increase utilization of quality characteristics of hemp seed which are not
often used despite of its high nutrition by making apple fermented starter
using apples which are familiar to consumer’s taste in Korea and baking
breads by adding different weight of hamp seed powder in order to find
optimal amount of powder. Also, the influence on physical properties,
texture, taste and storage were investigated.
pH was highest as 5.47 immediately when the apple fermented starter
was made and sugar content was likely to gradually decrease. The bread

dough with hamp seed powder showed increase in pH when more
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hamp seed powder was added. Also, the fermentability increased in H—3
and H—6 as fermentation time passed. The volume, specific volume and
baking loss rate decreased while the weight increased. In the complete
product, the holes became unorganized without rules, rather than became
smaller and organized, if more hamp seed powder was added. When it
comes to changes in properties in the storage, H—3 and H—6 showed
that hardness slightly increased depending on the storage period, resulting
in low hardness value, compared to the control group. Given that the
moisture content increased when more hamp seed powder was added, the
usage of hamp seed powder seemed to delay aging In the sensory
evaluation of bread with hamp seed powder, the breads added with 3%
and 6% of hamp seed powder showed highest preference in color, smell

and taste and recorded highest score in the general preference.

Based upon the research findings, it's highly desirable to add apple
fermented starter and hamp seed powder about 3—6% when making

breads.

[Keyword] Apple fermented starter, Hamp seed, Quality characteristic, Storage
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