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2 Ao AREE &2 2017 @ AIFSEAl SN ATAALDANE oA
Tude &Ysle ¥4t ED njyZaoltt. §2 Y &9 4=
Aestzl fstd F&7F 16-20 A2 LEA Qe AFXFA
ARl = o tOaE AlSoM AYstel AdAde 5= d7 g2
ZAAZCE. T3 ED 0]yZa(100% ED 0juZa)2 5842 546l
50% S|Adgr ED ojyE4(50% ED OjulEa)et 90%  SlAleh
ED 0jyZ4(10% ED OjUlE4)E Alzsto] Aol ARSIt Solvent
Retention Capacity A|&S ol lactic acid(Acros, Morristown, NJ,
USA), sodium carbonate 2} sucrose(Duksan, Seoul, Korea)Z

TUsto GUl2 ALGIIACE 7719k W AES fIsto] 22w R

I

FHAU71=(C] CheilJedang Corp., Seoul, Korea)S +U3st0] A& 4L,
A EHCJ CheilJedang Corp., Seoul, Korea), &£ EY (Lotte, Seoul, Korea),
Ho]7] At (Namyang, Seoul, Korea), BX|+(Seoul Milk, Seoul,
Korea), &% (Samyang, Seoul, Korea), E2}0] o|AE(Lesaffre,Marcq-

en-Baroeul, France)= A|H&8& LAsto] ALESHITH
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1) 29 PH &4
pH meter(Mettler Toledo SevenEasy pH meter S20, Columbus, OH,
USA)Z ALgotol §oelag HIRE AB FRO B(8YTE U2, 100%

ED o]y@4, 50% ED oji@4, 10% ED ol %2, itk

-

E54)9 pH 2 MeoA Agstdn, RE ARS 2 3 oy ym

2) 29 ouT HE BA
oYz 48 9 sFe [CP-OES (PerkinElmer Optima 8300, Shelton,
CT, USA) ¥ ICP-MS (Thermo Scientific iCapQ, Thermo Fisher
Scientific, Waltham, MA, USA)Z 3ZAst¥ch AFEEH 717159
BEXFxHAL Table 1 1 Zth “7d&(Hardness)= Ca2+2} Mg2+
skef o 2 B F Hardness as calcium carbonate = ([Ca] x 2.5) + ([Mg] x

4.2) A& ARgsto] AASITHLenore et al. 1998).



Table 1.Operating parameters of ICP-OES and ICP-MS.

Parameter Value
ICP-OES
Incident power 1300W
Argon flow rate
Plasma gas 10/min
Auxilliary gas 0.2/min
Nebulizer gas 0.5/min
Measured Element (Wavelength)
Sr 407.771
Mg 285.213
Ca 317.733
Na 589.592
K 766.490
B 249.677
Si 251.611
ICP-MS
RF power 1550W
Plasma gas flow rate 14/min
Auxiliary gas flow rate 0.8/min
Dwell time per isotope 10 ms
Detector mode Dual
Isotopes Measured
v 51
Mn 55
Fe 58
Cu 63
Zn 66
Ge 73
Se 77
Mo 95
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Table 2. Formula ingredients for AACCI Approved Method 10-53.01 wire-
cut cookie baking

Ingredients Weight (g)

Flour 225.0'
Sucrose 94.5
Non Fat Dry Milk 23
NaCl 2.8
NH4HCO; 1.1
Na,CO; 2.3
Shortening 90.0
High Fructose Corn Syrup 3.4
Water 49.5
Calculated TS’ 64.0
Calculated %S’ 66.0

'Method 10-53.01 assumes 13% flour moisture content

*Total solvent (TS) calculated as the sum of sugar weight and total formula water weight,
based on 100 g flour

394S calculated as sugar weight divided by the total solvent weight based on 100 g of flour

- 13-



Weigh dry and wet ingredients separately

O

Mix shortening and sugar at speed 1 for 3 mins
with scraping every 1 min.

O

Add water containing pre-dissolved HFCS and ammonium bicarbonate
and mix for 2 mins at speed 1 for the first min, scrape
and mix at speed 2 for 1 min

O]

Add dry ingredients containing flour, non-fat dry milk, sodium chloride
and sodium bicarbonate and mix for 2 mins at speed 1
with scraping every 30 sec

O]

Divide dough into four 60 g portions in cookie pan and sheet
in single pass to 0.7 cm height

O]

Cut dough portions using a 6.0 cm cookie cutter

O

Bake for 12 mins at 215°C

O]

Cooling for 1 h

Figure 1.Schematic diagram for cookie making procedure.
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Middleboro, MA, USA)E AFE519TH &S X7 Mode: Measure force
in compression, Pretest speed: 2.0 mm/s, Test speed: 2.0 mm/s,
Post-test speed: 5.0 mm/s, Probe: 0.5 inch ball, Penetration distance:
15 mm 2 AAsHYT}. 8F% 150 g 2 mini loaf pan(Chicago Metallic
Commercial 11 Non-Stick Mini Loaf Pan, 5 3/4” x 3 1/4" x 21/4")9]|
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F719] Ax = Texture Analyzer(Brookfield CT3, Middleboro, MA,
USA)2 &A5I3th. A X712 Mode: Measure force in compression,
Pretest speed: 1.0 mm/s, Test speed: 0.5 mm/s, Probe: 2 mm cylinder

probe, Penetration distance: 2 mm=z AAs5}% 17 43] ¥ ZX510] o

1) Wo| Mz
Al o AACCI Method 10-10.03(AACC International, 2010)2 AF-&-5}
of Azstdon, AMEE Aset vlitd]= Table 33} Zow, Al Az

W72 Figure 29t £oh. WIitR, AF, HEY, EA|&55 ¥&E7|(Pin

30°C, &% 85%z2 &xA% ¥rg7|(Phantom M301 Combi, Samjung,

Gyeonggi, Korea)oll 20| 1Atz 52%3F 2a s sila, Eoiz ol 57|

2 W& 5, 2X2 2587 $a s Yt ¥iES wEo] 2o S 3Xi2
138 29 ¢ ©a s A7 ths 215°CR g3l & 2E(Phantom M301

Combi, Samjung, Gyeonggi, Korea)o|A] 2487t LHTH. LAl wh-S. Ab

oA 202 &< ARl &, WEOA widio] 1021 o ARl & HAXNES
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|=
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L
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o
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43] ¥r2 575t

o,
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Table 3. Formula and ingredients for AACCI Approved Method 10-10.03
bread baking.

Ingredients Weight (g)
Flour 100
Sucrose 6
Non Fat Dry Milk 4
NaCl 1.5
Shortening 3
Yeast 2
Water 60

- 18 -



Weigh dry ingredients

O

Mix shortening, NaCl, sugar, wheat flour, skim milk

O

Add water 60 mL and yeast 2 g

O

Mix for 5 min

O

Ferment for 52 min, and punch dough lengthwise 1 time

O

Ferment for another 25 min, and punch dough lengthwise 1 time

O

Mold and pan dough and ferment for 14 min

O

Bake at 215°C for 24 min

O

Cool for 20 min, Remove from pan and cool for another 10 min

Figure 2.Schematic diagram for bread making procedure.
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Table 4.Mineral content and water hardness of water samples.

Magma 100% ED  50% ED mineral 10% ED mineral Distilled

Element ] : 2 2 Tap water Samdasoo
seawater mineral water water water water
Sr 5.9 3.8 1.9 0.4 0.2 0.0 0.0
Mg 854.6 891.2 445.6 89.1 7.6 2.2 0.0
Ca 261.7 137.7 68.9 13.8 34.2 2.2 0.0
Na 10620.9 1228.3 614.1 122.8 43.5 5.0 4.3
K 810.7 121.4 60.7 12.1 15.1 4.9 1.6
B 4.2 3.8 1.9 0.4 0.1 0.0 0.0
Si 9.8 14.0 7.0 1.4 0.1 22.4 0.1
Ge 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mo 8.3 2.4 1.2 0.2 1.3 0.5 0.0
\% 334 18.4 9.2 1.8 0.8 7.0 0.5
Mn 2.0 1.5 0.8 0.2 2.0 0.3 0.5
Fe 5.3 3.2 1.6 0.3 4.3 0.8 1.3
Cu 1374.1 28.1 14.1 2.8 243.3 0.4 0.4
Zn 4.1 0.0 0.0 0.0 17.9 0.0 0.0
Se 72 24.6 13.7 6.8 1.4 1.2 1.2 1.3
Se 82 57.3 22.2 11.1 ).)) 1.6 1.1 1.3
pH 7.68 7.76 7.17 6.68 7.65 7.32 6.54
Water Hardness’ 4173 4014 2007 401 117 15 0

'expressed in ppm units
*calculated based on percent concentration
*calculated as calcium carbonate (mg/L)=(2.497 x [Ca]) + (4.119 x [Mg])
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Table 5.Proximate analysis of flour samples.

Flour' Moisture (%) Protein (%) Ash (%)
Cookie flour 13.0£0.0° 10.0£0.0° 0.32+0.0°
Bread flour 13.4+0.0° 14.7+0.0° 0.42+0.0°

'Results are expressed as Mean+SD. Values with the same letter within the same column
are not significant (p<0.05) according to Tukey Kramers test.
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'Bars with the same letter per SRC solvent are not significantly different at P<0.05
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Table 6.Starch pasting properties of flour with water samples.

Water! Pastingtemp. Peakviscosity Finalviscosity Setbackviscosity(c
O (cP) (cP) P)

Magma seawater 71.8%0.0° 3674+10° 3960+42° 1363+47™
mlﬁ;gzer 72.740.0° 3191+38¢ 310140 1505+30¢

mifl gé)llivier 69.8+0.6" 2954+0° 2930+13¢ 1462+29%
mirllgz)llivlzwr 69.5+0.0° 2575469 2615+69% 1300+33°

Tap water 69.8+0.5 2670+17° 2765+1° 1258 +10*

Samdasoo 66.7+0.3 244242° 2621+16" 1266+29*
Distilled water 66.7+0.5° 2422+12° 2590424 1200+41°

'Flour:solvent ratio = 7:50 (w/v).

*Results are expressed as Mean +SD values. Values with the same letter with in the same column are not significant (p<0.05) according to

Tukey Kramers test.
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Table 7.Cookie dough firmness, weight loss during baking, and cookie characteristics.

Cooki T 1
1 Dough Weight IOSS 00K1¢e op color
Water firmness %)
(g 4 Diameter Height Hardness : : :
L a b
(cm) (cm) (g)
Magma 122+3¢ 13.0+£0.0°  6.98+0.1°  1.03+£0.0° 2693+26°  64.4+0.3° 9.9+0.1°  31.0+0.2°
seawater
0,
100%ED 85+1° 13.7£0.5*  7.06£0.0°  1.04£0.0° 2392+21¢9  63.9+0.1° 10.4%0.1° 31.4+0.3®
mineral water
0,
S0%ED 84+3° 13.0£0.0*  7.17£0.0™  1.09£0.0®° 2339+21° 63.3£0.2* 11.5£0.0°  32.5+0.0°
mineral water
0,
10%ED 71+3° 14.0£0.59  7.23+0.1*  1.04£0.0®° 2249+12°  61.7£0.4® 12.1£0.0*® 32.6+0.2°
mineral water
Tap water 81+1®  13.4+0.0™ 7.25+0.0™  1.08+0.0™ 2348+39° 598+1.1° 12.740.4°  32.0+0.1™
Samdasoo 82+1° 13.240.0°  7.24+0.1*  1.13£0.0®° 1586+12*  61.1£0.6° 12.3£0.3°  32.6+0.0°
Distilled water ~ 75+3®  13.9+0.3%  7.32+0.0° 1.08+0.0°  1721+33°  60.9+0.1*  12.2+0.2° 31.7+0.5™

'Results are expressed as Mean+SD. Values with the same letter within the same column are not significant (p<0.05) according to

TukeyKramers test.
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Figure 7. Cookie formulated withwater samples. From left to right: magma seawater, 100% ED mineral water, 50% ED
mineral water, 10% ED mineral water, tap water, Samdasoo, distilled water.



Table 8.Correlation between water hardness and pasting properties and cookie
characteristics

Parameter Water Hardness

Peak Viscosity (0.94%#**
Pasting Temp. 0.86*
Final Viscosity 0.86*
Setback Viscosity 0.78*
Cookie Dough Firmness NS
Cookie Texture 0.77*
Moisture Loss NS
Diameter -0.98***
Height NS
Cookie Color

il | 0.90%*

a’ -0.98%

b’ -0.83*

* % *E* indicate significance at 0.05, 0.01 and 0.001
NS: not significant
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Table 9.Dough firmness, pH and height after fermentation and baked bread loaf volume.

Water' Dough pH Breag d(oc lrll‘;’r)h height Dough firmness(g) Loaf volume(cc)
Magma seawater  5.41+0.00*° 4.940.1% 122+3¢ 509+16
. .
100%ED mineral 5 53 ;¢ 4.740.2° 8541 51747
water
0
0% ED 5.52+0.01° 5.1£0.1° 84+3% 518+3%
mineral water
0
10% ED 5.39+0.01° 5.6+0.2° 71+3% 538+4%°
mineral water
Tap water 5.44+0.01° 5.3+0.2" 811" 5697
Samdasoo 5.42+0.01% 5.940.1% 82410 54448
Distilled water 5.49+0.00° 5.8+0.0° 75432 585+3¢

'Results are expressed as Mean+SD. Values with the same letter within the same column are not significant (p<0.05) according to Tukey

Kramers test
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Table 10. Firmness and moisture content of bread measured during storage.

Bread firmness

Bread moisture content

Water! (8) (%)
0 Day 1 Day 4 Days 0 Day 1 Day 4 Days
Sﬁaﬁ?:r 1290+82¢ 23224211 3141£20™ 415433 35.6+1.4° 35.842.1°
miL(;?Z/f)Evgter 953 +4° 1797+42° 3175+51° 39.5+0.1* 36.5+1.4" 33.8+0.8"
mifl gé)llivier 734+29" 150530 2653+355% 39.9+0.1% 34.0+1.2° 32.6+1.3
mirllgz)ll\:jvlzwr 662+12% 1313+112° 2714+100® 39.7+0.1° 34.5+1.8" 32.4%0.1°
Tap water  554+31° 1132+72° 2458+125° 40.1£0.1° 34.0+0.5° 31.3+0.0°
Samdasoo  576+40° 1252+60° 2550+186™ 39.9+0.1° 34.0+0.4° 33.741.0°
Dvi:;itléfd 554+3° 1236+84° 2425+136" 39.8+0.1° 34.342.3° 31.3+0.4°

'Results are expressed as Mean+SD. Values with the same letter within the same column are not significant (p<0.05) according to Tukey

Kramers test.



_LV-

Table 11. Bread color measured during storage.
0 day 1 day
Water'
L a’ b’ L a’ b* L a’ b
Magma 81.140.2°  0.6£0.1° 14.940.6° 79.9+0.6°  0.6£0.0° 14.242.0° 76.9+1.1®° 0.7+0.0° 14.4+0.4°
seawater
0,
.100 7aED 80.5£0.1®  0.5+£0.0° 14.740.2° 79.0+£0.5®  0.7+0.0* 15.0£0.8" 76.2+1.8° 0.6+£0.0° 14.5+0.5"
mineral water
0,
.SOA) ED 80.1+£0.5  0.5+0.0° 14.6+£0.5° 78.44+0.2  0.840.0° 14.9+0.7* 75.9£0.1® 0.7+0.0* 14.1+0.6
mineral water
10% ED ab a a ab a a ab a a
. 80.4+0.4 0.6+0.1 14.8+0.4 78.5+0.9 0.7+0.1 14.9+0.2%° 76.2+0.2 0.7£0.0 14.3+0.4
mineral water
Tap water 82.0+1.7®  0.6£0.0° 15.240.1° 79.4+1.2®  0.7+0.0* 15.1£0.0° 75.1£0.4* 0.6+£0.1° 14.5+0.9"
Samdasoo 80.8+0.8° 0.6+£0.1* 15.6£0.7° 78.6£0.0®°  0.7+0.1* 15.5£0.3" 76.4+1.0° 0.6+£0.1° 15.4+0.3"
DlStllled b a a a a a a a a
water 82.1+0.3 0.7+0.1 15.2+0.4 79.3+0.9 0.8+0.0 14.3+0.9 76.5+0.4 0.6+£0.0 13.8+1.6
'Results are expressed as Mean+SD. Values with the same letter within the same column are not significant (p<0.05) according to Tukey

Kramers test.
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Figure 9. Bread formulated with various water samples. From left to right: magma seawater,
100% ED mineral water, 50% ED mineral water, 10% ED mineral water, Samdasoo, tap water,
distilled water.
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Table 12.Correlation between water hardness and bread making
characteristics.

Parameter Water Hardness
Loaf volume -0.82%
Dough Height -0.88**
Dough Firmness NS
Dough pH NS
Bread Texture
0 day 0.93%*
1 day 0.93%*
4 days (0.94%#**
Bread Moisture
0 day NS
1 day 0.87%*
4 days 0.77*
Bread Color
0day L NS
a’ NS
b’ NS
1day L NS
a’ NS
b’ NS
4 days L’ NS
a’ NS
b’ NS

* Hk *A* indicate significance at 0.05, 0.01 and 0.001
NS: not significant
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Quality of cookie and bread formulated

with Jeju magma seawater

Jung Sung Hyun

Department of Nutritional Education
Graduate School, Pusan National University

Abstract

Cookie and bread making performance using Jeju magma seawater was
explored to elucidate the effect of minerals in water on quality of baked
goods. Mineral content, pH and water hardness for seven water samples
(magma seawater, 100% ED mineral water, 50% ED mineral water, 10% ED
mineral water, tap water, Samdasoo, and distilled water) used in the study
were analyzed. Starch pasting property of flour with the water samples was
analyzed using RVA, and its cookie and bread making performances were
evaluated with AACCI wire-cut cookie baking and AACCI bread baking

method, respectively. Cookie quality was measured by weight loss during
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baking, cookie geometry, color and firmness, whereas bread quality was
measured by dough pH and height after fermentation, bread loaf volume,
moisture content, color, and firmness of bread crumb. Also bread quality
change during storage was evaluated.

Mineral content of the water samples was increased in the order of
magma distilled water<Samdasoo<tap water<10% ED mineral water<50%
ED mineral water<100% ED mineral water<magma seawater. Calculated
water hardness and pHs of them ranged from 0-4200 and 6.54-7.66,
respectively. RVA results showed that pasting temperature, peak viscosity,
final viscosity and setback viscosity were increased with increasing water
hardness. Baking results showed that cookie diameter and bread volume
decreased with increasing water hardness. Cookie diameter decreased in the
order of distilled water>Samdasoo~tap water~10% ED mineral water>50%
ED mineral water>100% ED mineral water>magma seawater. A significant
relationship of water hardness with cookie diameter (p<0.001, R=-0.98),
color (L*: p<0.01, R=-0.98; a*: p<0.001, R=-0.98; b*: p<0.05, R=-0.83)
and firmness (p<0.07, R=0.77) was observed. Bread loaf volume also
decreased in the order of distilled water>Samdasoo>tap water>10% ED
mineral water>50% ED mineral water~100% ED mineral water>magma
seawater. Bread dough height after fermentation decreased with increasing
water hardness, which indicated the retardation of yeast activity by
increased mineral content and less amount of carbon dioxide gas formation
during fermentation as well as baking, resulted in denser and harder bread
crumb. During storage for 4 days, all bread crumb samples became drier,
firmer and darker although its extent of change varied depending on water

hardness of the water samples.
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Overall mineral content and water hardness of water affected cookie and
bread making performance. However, cookies formulated with 50% ED
mineral water showed similar cookie geometry and texture to those with tap
water. It is suggested that controlling mineral content and water hardness of
100% ED mineral water can be successfully applied to produce mineral-
enriched cookies. Although bread making performance was affected a
greater extent by mineral content of water than did cookie making
performance, 100% ED mineral water also can be applied to produce
mineral-enriched bread through identifying mineral content and water
hardness being maximum while maintaining yeast activity. In conclusion,
this study demonstrated a potential application of Jeju magma seawater as a

valuable ingredient for producing mineral-enriched healthy baked goods.
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