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SUMMARY

1. Title
Study on the technology development for quality enhancement of traditional

Yackwa and Dasik

II. Objectives and significance
This study was carried out to develop the technology for quality
enhancement of traditional Yackwa and Dasik by retarding the texture hardening,

the major quality deterioration factor for Yackwa and Dasik during storage.

III. Contents and Scope
Part 1. Technology development for quality enhancement of Yackwa

(1) Optimization of ingredients

1) Selection of basic formula

2) Selection of syrup for dough preparation
3) Effect of texture-modifiers

4) Selection of syrup for dipping process
5) Final formula

6) Acceptability test

(2) Optimization of process

1) One bite size product development

2) Effect of frying oils

3) Syrup dipping process

4) Selection of basic process variables

5) Production of pilot plant scale

(3) Edible film coatings

1) Selection of coating materials

2) Optimization of coating process

3) Effects of edible film coatings



Part 2. Technology development for quality enhancement of Dasik
(1) Optimization of ingredients
1) Selection of model Dasik products
2) Quality deterioration factors
3) Selection of basic formula
4) Effects of syrup for dough preparation
5) Effect of texture-modifier
6) Effect of antioxidant
(2) Optimization of process
1) One bite size product development
2) Effect of particle size
3) Effect of coating oils
(3) Edible film coatings
1) Selection of coating materials
2) Optimization of coating process

3) Effects of edible film coatings

Part 3. Sensory evaluation of Yackwa and Dasik
(1) Sensory evaluation of Yackwa
1) Sensory evaluation of Yackwa with different frying oils
2) Sensory evaluation of Yackwa with different syrup for dough preparation
3) Sensory evaluation of Yackwa with different dipping syrup
4) Sensory evaluation of gum-treated Yackwa
5) Sensory evaluation of Yackwa with different size
(2) Sensory evaluation of Dasik
1) Characteristics of pine pollen Dasik
2) Characteristics of black sesame Dasik
3) Sensory evaluation of Dasik with different syrup

4) Sensory evaluation of Dasik with different particle size



IV. Results and Recommendation

Part 1. Technology development for quality enhancement of Yackwa

Yackwa is a Korean traditional fried cake made from wheat flour, honey and
other ingredients such as sesame oil, ginger extract and so on. The typical
process of Yackwa includes mixing and kneading of ingredients, molding, deep
fat frying and syrup-dipping processes. Though it is a fried product, it has been
reported that the major quality deterioration during storage is not oil rancidity
but texture hardening due to water loss despite high oil content ranged from
115 to 28.7% because of unique syrup-dipping process. The syrup—dipping
process has been suggested to provide a kind of barrier to Yackwa that prevent
oill in Yackwa from direct contact with oxygen among atmosphere during
long-term storage. The major quality deterioration of Yackwa includes texture
hardening due to moisture loss during storage.

To retard the texture hardening during storage, effects of syrup for dough
preparation and dipping process, and effects of gums and/or emulsifiers as
texture-modifiers were studied. To study the effects of syrup for dough
preparation and dipping process, low D.E.(D.E. 20 ~ 25), medium D.E.(D.E40 ~
45), high DE.(D.E. 60 ~ 65) and oilgosaccharide were applied. Hardness of
Yacwka prepared with high D.E. syrup showed the lower value than other
syrups. Similar results were obtained by use of high D.E. syrup for dipping
process. These results suggest that texture hardening during storage could be
reduced by use of optimal syrup for dough preparation and syrup dipping.

The effects of gums and emulsifiers, as texture modifiers, on quality
attributes of Yackwa during storage were studied in order to enhance the
storage quality by retarding the texture hardening. To this purpose xanthan gum
and gellan gum were selected considering good water binding capacity and
excellent stability to process variables i.e. heat and pH. As emulsifiers, distilled

monoglyceride and mono-diglyceride gums were selected considering their



primary usage In baking industry as antistaling agent. Initial hardness of
xanthan gum and gellan gum-treated Yackwa were lower than control. Hardness
of control was increased from 1.8 to 2.6 folds after 4 weeks storage at 25C.
The hardness was significantly decreased by addition of gums or emulsifiers
(P<0.001). Even after 4 weeks storage, texture of gum-treated Yackwa was the
same with the initial hardness of control. Approximately, 12 ~ 28% higher
levels of water content than control was observed in gums or emulsifiers—treated
Yackwa, suggesting that the increased moisture content is a possible reason for
retarding hardness. In addition, changes of surface color during storage were
reduced by application of gums and emulsifiers. Combination use of gellan gum
and monoglyceride also successfully retards the texture hardening during storage.
These results showed that the use of gums and emulsifiers as texture modifiers
enhance the storage quality of Yackwa by decreasing hardness and surface color
changes during storage. From the results of acceptance test, palatability for
gellan gum and monoglyceride-treated Yackwa were superior to control product
in appearance, flavor, taste, texture and overall acceptability factors.

To optimize the process variables, the effects of process variables, i.e.
dimension of Yackwa, frying oil, syrup—dipping conditions on quality attributes of
Yackwa were studied. As diameter of Yackwa was reduced, oil uptake rate was
increased. Syrup absorption rate was also varied according to changes in
dimension of Yackwa. Hardness of Yackwa with different diameter was correlated
with syrup absorption amounts (r2=0.99). From these results, in case of
development of one-bite size Yackwa product, increased oil contents and
hardness by reduction of dough size should be considered. Effects of frying oils
on storage quality of Yackwa were negligible comparing with effects of syrup
dipping process. Acid values and peroxide values of Yackwa with syrup dipping
showed much lower value than that of Yackwa without syrup dipping process
indicating syrup dipping process retard the lipid oxidation of Yackwa. Effects of
syrup dipping temperature and time on hardness of Yackwa were also studied.

Effects of edible film coatings on quality attributes of Yackwa were studied



to retard the texture hardening during storage. Edible film coatings have been
used in various food products as moisture or oxygen barriers to enhance the
storage quality. From various edible film materials, carbohydrate based film
materials were selected considering effects on appearance and sensory
characteristics of Yackwa. Among 4 edible film materials, gellan gum was
selected. Yackwa samples coated with 0 ~ 1.0 % of gellan gum solutions by
dipping process were stored at 25 T for 4 weeks. Application of gellan gum
coating reduced the weight and gloss loss of Yackwa during storage. Gellan gum

coating also retarded the texture hardening and oil rancidity during storage.

Part 2. Technology development for quality enhancement of Dasik

To study the technology development for quality enhancement of Dasik, pine
pollen Dasik and black sesame Dasik were selected as model Dasik. Sensory
evaluation of fresh and stored Dasik showed that the major quality deterioration
of pine pollen Dasik and black sesame Dasik 1is texture hardening during
storage. Due to high lipid contents of black sesame, oil rancidity of black
sesame Dasik during long term storage was also considered. To study the
effects of syrup for Dasik preparation, low DE.(DE. 20 ~ 25), medium
DE.(DE40 ~ 45), hish DE.(D.E. 60 ~ 65) and oilgosaccharide were applied.
Pine pollen Dasik and black sesame Dasik with different syrup were stored at
25 C for 4 weeks. Use of high D.E. syrup for Dasik preparation retarded the
texture hardening during storage. Surface colors of pine pollen Dasik and black
sesame Dasik were not affected by application of different syrup for Dasik
preparation. The effects of polydextrose, as a texture modifier, on quality
attributes of Dasik during storage were studied in order to enhance the storage
quality by retarding the texture hardening. Hardness of pine pollen Dasik was
lowered by addition of polydextrose during storage. However, lightness of pine
pollen Dasik was decreased by addition of polydextrose. Effect of antioxidant on
oil rancidity of black sesame Dasik was studied during storage at 37 C. Oil

rancidity of black sesame Dasik was significantly reduced by addition of 0.02 26



and 0.1% of tocopherol, the natural antioxidant. To optimize the process
variables, the effects of process variables, i.e. dimension of Dasik, particle size of
raw materials and coating oils on quality attributes of Dasik were studied. As
diameter of Dasik was reduced, hardness, gumminess and chewiness of Dasik
were decreased. To study the effects of particle size on quality attributes of
Yackwa, black sesame powder was fractionated. Black sesame Dasik made of
fractionated powder showed lower hardness and gumminess than control. Effects
of edible film coatings on quality attributes of Dasik were studied to retard the
texture hardening during storage. From various edible film materials, bee's wax
and gellan gum were selected. Dasik samples coated with 0 ~ 1.0 % of gellan
gum solutions or 5 ~ 20 % of wax solution by dipping process were stored at
37 C. Application of wax or gellan gum coating reduced the weight loss Dasik
during storage. Wax and gellan gum coatings also retarded the texture
hardening during storage. However, flavor and surface color of pine pollen Dasik
and black sesame Dasik were changed by wax coating due to it’s unique aroma

and color characteristics.

Part 3. Sensory evaluation of Yackwa and Dasik

Sensory characteristics of Yackwa fried with rice bran oil, soybean oil and
corn oill were evaluated. In terms of various sensory characteristics, i.e. color
uniformity, sweetness, hardness, and adhesiveness, effects of frying oil were
negligible comparing with effects of syrup dipping process. Sensory evaluation of
Yackwa with different syrup for dough preparation and syrup dipping process
showed that use of high D.E. syrup decreased the hardness, stickiness of
Yackwa and increased the sweetness. Addition of xanthan gum and gellan gum
retarded the texture hardening during storage. Sensory characteristics of pine
pollen Dasik and black sesame Dasik were evaluated in terms of aroma,
appearance, taste, texture. Comparison of sensory characteristics of fresh and
stored pine pollen Dasik and black sesame Dasik, hardness and coarse degree

were significantly increased by storage. Effects of syrup with different D.E.



value on quality attributes of pine pollen Dasik and black sesame Dasik were
studied. Sensory evaluation on pine pollen Dasik prepared with high D.E. syrup
showed that high D.E. syrup increased sweetness and decreased the hardness
and coarse degree. Similar results were obtained by sensory evaluation on black

sesame Dasik.
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(3) Effect of texture-modifiers

(4) Selection of syrup for dipping process



(5) Final formula
(6) Acceptability test
2) Optimization of process
(1) One hite size product development
(2) Effect of frying oils
(3) Syrup dipping process
(4) Selection of basic process variables
(5) production of pilot plant scale
3) Edible film coatings
(1) Selection of coating materials
(2) Optimization of coating process
(3) Effects of edible film coatings
2. Technology development for quality enhancement of Dasik
1) Optimization of ingredients
(1) Selection of model Dasik products
(2) Quality deterioration factors
(3) Selection of basic formula
(4) Effects of syrup for dough preparation
(5) Effect of texture-modifier
(6) Effect of antioxidant
2) Optimization of process
(1) One hite size product development
(2) Effect of particle size
(3) Effect of coating oils



3) Edible film coatings
(1) Selection of coating materials
(2) Optimization of coating process
(3) Effects of edible film coatings
3. Sensory evaluation of Yackwa and Dasik
1) Sensory evaluation of Yackwa
(1) Sensory evaluation of Yackwa with different frying oils

(2) Sensory evaluation of Yackwa with different syrup for dough
preparation

(3) Sensory evaluation of Yackwa with different dipping syrup
(4) Sensory evaluation of gum-treated Yackwa
(5) Sensory evaluation of Yackwa with different size
2) Sensory evaluation of Dasik
(1) Characteristics of pine pollen Dasik
(2) Characteristics of black sesame Dasik
(3) Sensory evaluation of Dasik with different syrup

(4) Sensory evaluation of Dasik with different particle size
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. H7b=
HA A D S8 AHe AAHES fste] " AdEE 2 T 2RT
FF(Dextrose equivalent, ©]3} D. E) # < 7|22 3 A F7/9 AFY &8
g ol 50 %ol R AFS HWFFAIANERH T Ab&E AT =4

ghol
NS Y3t A, 734 2 polydextrose= Danisco CoulterAl$} KelcoAl A5 Af
&

ottt HA FA ARSI vARE AlEdAN e AES,

A& AFR¥E potassium hydroxide, sodium thiosulfuric acid, glacial
acetic acid= MerckAle] #|% & potassium iodide, tocopherol, waxt Sigma A} Al
ES AFgEg T 1 919 ethanol, diethyl ether, phenolphthalain, starch 5<& &%

)5

Aeke ALg3HATh

A2 AOACH (1990)ell E3to] F3+d2 105 TolA o] H=



Axstel gysgov, zav

ot

&

rlo

chald zE A 7] (Kjeltee Auto 1030
Analyzer, Tecator, Sweden)& A3l Semi-micro kjeldhal ¥ o= 43} o
w, AW 2 Soxhlet %715 AHE3to] ethyl ether® FE3bo] A=t

]v‘f‘ % 600 C x]ng]:.;}moi Zz%o]. 1:}.

=z

b #4454 971
1) =23

ofFy W tha AlFe A F42 A SA7](Texture analyzer,
TA-X2. Stable micro System, England)& AF&3lo] HAAsIAY. S4TSR 2=
okylo] ¢ rupture teste] 93 AEE =

shAl Ao ofgh o] A 3F wstE: FAsH o, AR
blade probeE ©]&3to] 7l HAd uw W Ho) ¥ (maximum force; g)= A%
(hardness)® XAk o] we] %

strain 7022 3sFAt}h. ©ha] AE el AH-$ texture profile analysisol] &3ste] 74 1
cm® probes o]&3ato] 23] FERE uwf WAEE xA4AH 5EAS springiness,
gumminess, cohesiveness, adhesiveness, hardness, chewiness® WEAth th2)

AEe] AT EAo] AFR3T 2L pre-test speed 5.0, test speed 1.0, post test

speed 10.0, strain 30, trigger force 20°. =2 3}t

A2 test speed 5.0, rupture-test strain 5.0,

2) A
okybA|Ee] ¥W  AXEE  Portable spectrophotometer(Spectrophotometer
Color-eye 310., Minolta., Japan)& ©|-&3%}o] Z+ A vlth <k} 20719 W A=E
=43t F kS A AISEAT

3 FA FTFE
e 2 wE o AEe] §A Fred 4 A T 10 GHE
wA9)qow Astel viAE F 20w ¥ diethyl ether® 7HSHIL 25 T, 200
rpmel A 12A13F F2F FAE FEEAT 59 A= o #A(Whatman Nod)&
o]-g&3te] ofFfsta 3| FHT|NA GuiE AAT F FFo] T FUE ©f

gotel w5 F49 FARES Zgskel AvsAT



HAAFTFES 43 9o WRA9NS o st S5 S, AY
of A FAFT F 15%3F drainsto] oo AlHE AZE & FAE SA6H

g dozhiy »AY F5FES AL
Dipping-syrup absorption(%) = [(Ws—Wj)/Wolx100

Wo : Aglel 37 A ool A
A AA® F kel oA

FAlE oF 10 g2 250 ml Azt Eekazd] Asta oHE 100 mlE 7HE
% 3Aa WYIE o]&3le] 25 T, 200 rpmol A 2A17F B FAE FEEA
A FLIE o] &ste] dHZE delRUa Aozl §FAE A7 S o] &3
ATt F23 FA4 1 g2 250 ml A7t Zesze] 23 oo EHE2-Eee &
(2:1) 100ml= 78 &alA 7l e 1 9% #Himzergel Ak 3 ~592 7}
0.IN Atz F-oleE &Aoo gl 3027 A&d w74 AAstaa 4

w9 MgAge JYatg

6) JrtstE7t
FHAE oF 10 g2 250 ml AztEetazd] Hata dlH2 100 mE 7He
F R4 A"YIE olgste] 25 T, 200 rpmel A 2A1F E)t A& F=8H3

2 o
218 ol gdtel olu=2 delmuln Pol2 f4E AOACH €3

3] 2
A3LE 7 Ao o] gdAY. F FET A 1 g 200 ml A S Y
Hxaa 22838 £39(3:2) 30mle 7tste] §afjA)17)a 23 &
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Duncan’s multiple range testZ A A]38}%t}.

x4
D A9 27 &4
okytol th2] AlZ o] = 7|E Vernier caliperE ©]83to] t}S Fig. 13 2
AR FAE SAATE 2079 Al=el gt 7 2384 A & Hya g %
AxE T

L Diameter

IThickness

Diameter

- IThickness

(B)

Fig. 1. Measurement of Yackwa and Dasik dimension.
(A) Yackwa, (B) Dasik.
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HZE el E AdAgstal ofa AEe] AAdE Azl i AHE HES AT

ol

D) eppAlEel 4 7]z wjen] A%

w AFHAA H7bm S&oll o7 wien] HAsh 34 W HAsh vt

44 BE A Hob B AT FY A A EF oF PN T AgstunAg
Bz el oft AE MFNE 2ASGG ol dstel AEW L FEEE 5
% AR o 20 o WL FF AN o] F FEFH F2E ool R

W= vh5o] Table 101 Webdl mieb Zoh wieknl & Fghel] B "7FR= 41
~ 77 %, 715 19 ~ 103 %, # E+= AH2 116 ~ 538 %, =& 15 ~
121 % ™A= AEHAAL 78 FARR A5, AY, FF50] AHEEAT. o] 9
22 TRARSG A AGAANA AbEsta = widHIE FEsto] 2

AbgE FHA 7lx iRl E AR e (L7E 63 %, AH 34 %, A& 2 %,
ZTEHAIR 1 %) o1& 7122 sto] A v AlY, 14 AY, =4 AFEAe] A
s A7k Alojel o7 ofte] FA FF A, ¢4 wWe =22 2 A 2F

gl oF okile] FA B4 ATE S

m

2) fupAEe] A WEE Ao A

obi} wrEe] ArbEE AR AFol WU Fol@ wur o HA F
4w AR, AFe ANUA GRAEY 247, A% o A A=
WA Ao dgEnh ool obvtel FH FA Aecle 2A 45 ARL @

shst] Sistel AAel wEE AHe At Hech B

2o

(D.E. 40 ~ 45), high D.E. <*(D.E. 60 ~ 65), &z (&ga3d g 50 % ol4)
T 4T AHS AAA

4% ANHE o sto] HA o kg Algs AAsaA 24 AH
S H7bsle] e AlxT F 25 TolA 45 A 247 2 Ao Wl
=739l Fig. 20 Uebd wkel o] DE. 60 ~ 65¢1 AlHS AMES A @tE
A staie 45 Aol oste] oFte] AxE 12 ~ 158 Frhekdih & 4



Table 1. Formulas for the preparation of Yackwa

Raw materials(%")

Vggﬁ‘;‘t Se(SJ?IHE Honey Syrup Liquor Salt Others feferences
6042 7.85 2719 393 06 Frrld 1997
63.16 10.26 17.36 789 033 3015 AR 015 W07 S5 1992
4115 189 240 5144 154 043 F008 A¥ 0B 500 =¥ el 1985
64.14 9775 19.18 547 043 7% 1.03 uhE ] 1992
55.24 8.06 29.08 312 1.08 A7EF 342 3] 1975
60.77 9.88 16.71 11.39  0.32 95015 A 015 5063 ol &+ 1992
56.90 854 29.93 321 112 A9 0.30 A9 1997
60.71 506 16.70 1214 033 &£EY 506 A% 1999
7220 866 14.44 217 036 AAEF 2.17 o]&A] 1986
77111 867 1157 145 024 A5 095 ol 1972
56.36 507 563 2818 4.23 0.53 ST 1994

©w/w, lcup = 200cc, 1TS = 15 c¢cc, 1 ts = 5 cc



= 92 DE @& Ads AR Ay AR7h E=ter =& DE #ts 7HA= A
Ha SEud ol =2 AHS A=V 9A UEY 9S8 AEs 2dAFoR
WA el o gk ofdke] xAZE Ast AV e
okyle] FW A E.

= YUEA @9ktH(Table 2). AM%=9 A%+ DEZF & Alf(ow D.E.,
medium D.E. )& Whsol] H7bsto] Alzgh oFdh= A M E7) 3163 3.04% woko
U DEJF =2 Alf(high DE+, €8a1d)e

4347 =2 A4S WEATE 25 TollA 45:3F A&l ofsto] of3 gwe] i

3) FHAES T4 A A7 B 24 D A

Ae x4 34 59 (texturizing capabilities) S EA o2 sl AE HIMA
o] dF o= hydrocolloidsZtille stH o5& 3 A EdEA Eo gA 5AY
F2F5 o] thickening, viscosity-binding effectE® YEl ™, 23 7|52 #3192 <
ARl EAE 53, A5t =4, oA WA, encapsulation 59 5HE X
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Fig. 2. Changes of Yackwa hardness by different syrup used for dough
preparation. Yackwa samples were stored at 25 C for 0 week(A) and 4
weeks(B), I syrup with D.E. of 20 ~ 25, II. syrup with D.E. of 40 ~ 45, III:
syrup with D.E. of 60 ~ 65, IV: syrup of oligosaccharide content above 509.
Means with the different letter are significantly different from one

another(p<0.05).



Table 2. Surface color of Yackwa with different syrup for dough preparation

Color difference

Storage time Treatment

L a b AE
0 week I 35.20+2.70°  3.16+0.65 5.81+1.47  24.53+2.66
I 29.60+1.37  3.04%0.78 7.36+1.04  29.64+1.52
I 33.70+1.78  3.99+0.96 6.01+0.92  25.76+1.83
v 29.80+2.30  4.34+0.95 492+1.34  29.67+2.39
4 week I 30.86+2.95  3.85+1.03 8.26+1.84  28.14+2.99
I 30.73+2.90  3.62+0.92 8.30+1.70  28.31+2.77
I 3059+1.57  3.94+1.32 8.45+1.28  28.35%1.55
v 30.73x1.77  547+1.11 7.35+¥1.36  28.10+1.72

“ 1 Mean * S.D.(n=20). Yackwa samples were stored at 25 C for 4 weeks. It
syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
D.E. of 60 ~ 65, IV: syrup of oligosaccharide content above 50%.



Table 3. Candidates of gums and their major applications

Gums Source Applications
Alginates have been used to enhance emulsification and suspension of solids in salad
Alginat Seaweed dressing and to provide freeze-thaw stability of pie filling. Other applications include
giates extracts frozen jelly doughnuts, meringues, structured jelly in cake rolls and fabricated onion
rings.
Agar has been used to stabilize cookies, puddings, piping gels, pie fillings, meringues and
S d other applications. When used in icings at level of 0.2 to 0.5%, agar functions as a
Agar cawee stabilizer, tying up the free water to prevent the sugar coating from adhering to the
extracts wrapper. At the level of about 0.12%, agar improves the smoothness of sherbets and
ices.
Carrageenan has been used in a number of milk-based products such as chocolate milk,
S d ice cream, puddmgs and cheese analogues fur its reactivity with LerLam proteins. It also
Carra eenan eaweel has been used in bakery product such as piping gels, filling and icings. Carrageenan has
g been applied to low-fat or no-fat salad dressings, low-sugar jams, jellies and
extracts
confections.
LOCUSt Seed Locust bean gum has found use in a number of products such as canned foods, sauces,
desserts, barbecue sauces, beverages, cheese, ice cream and processed meats.
can gum gums
Examples of product applications include canned foods and pet foods, desserts, ice cream
G Seed stabilizers, sauces, soups, dressings, bakery products and dry mixes for gravies, salad
uar gum gums dressings and soups. Breads made with guar gum have greater resiliency, shorter
texture, longer shelf life and improved handling properties.
More than one-half of the world’s supply of gum arabic is used in confections where
the gum acts to retard sugar crystalization and to promote emulsification. The flavor
Gum Exudate industry uses gum arabic as a fixative in spray-drying application where the gum
Arablc gums encapsulates the flavor compound, protecting it from oxidation and volatilization. In beer,
the gum promotes stabilization of foam.
Exudat The gum has been used in combination with lecithin in butter-containing pancake and
Gum Ghattl Xudate waffle syrups. It helps produce a clear product by modifying the refractive index of the
gums syrup. Because of its limited supply, gum ghatti is seldom used today.
Gum Exudate The gum has been used in french dressing, ice pops, sherbets, ground meat products and
Karaya gums  meringues.
The gum has been used in salad dressings and sauces because it imparts a creamy
texture. Milk shakes made with the gum can contain lower levels of fat without
Gum Exudate sacrificing viscosity. In condiments such as relishes and catsup, the gum functions as a
Tragacanth gums emulsion stabilizer and thickner of the aqueous phase. In bakery, fruit-based toppings
and fillings, gum tragacanth gives the fruit a shiny, natural appearance.
Xanthan gum has been used in many products for its thLkenmg suspending and
stabilizing effects. The gum provides recipe tolerance in cake mixes and freeze-thaw
stability in frozen doughs. It has been used as a stabilizer in egg white substitute made
Xanthan Microbial up of whey protein and gelatin, which generally are used in meringues, nougat and
divinity candies. It also has been used in ice cream, tomato sauces.
gum GLHTIS Because of its water-binding properties, xanthan gum provides a potential

solution to this problem: the gum uniformly distributes moisture throughout the
cake batter, eliminating localized heating.

Gellan gum

Microbial
Gums

It has been used as a stabilizer and thickener in frostings, icings, glazes, fillings, dessert
gels and low-sugar jams and jellies, puddings and confections.

Cellulose
derivatives

Chemically
modified
plant
materials

The gum generally used to thicken, suspend, stabilize, gel and modify flow
characteristics of aqueous solutions or suspensions. Carboxymethylcellulose(CMC) has
been used in low-carlorie foods as a bulking agent. Methylcellulose(MC) and
hydroxypropyl- methylcellulose(HPMC) improve batter consistency via emulsification and
strengthen cell walls of gas bubbles formed during baking in bakery products. They also
have been used in creamed soups, sauces and pie fillings. Microcrystalline cellulose(MCC)
has been used to stabilize foams as it increases the film strength; to gel a variety of

sugar-based products, icings and pectin-based bakery fillings.

MC and HPMC improve the texture and the crumb structure of baked products
by dffording stability to cake batters and bread doughs. The gums enables the
dough to better sustain mechanical abuses caused by conveyors and to resist
stresses such as changes in temperature and humidity. Gelation also prevents
loss of moisture during baking so that the finished product has a softer texture

and longer shelf life.

Pectin

Chemically
modified
plant
materials

Pectins have been used in jams, preserves, confections, bakery jellies, barbecue sauces
and related tomato products, carbonated and still beverages and fruit toppings. Small
amount of Low-methoxyl (LM) pectins improve the texture of yogurt. In fruit drink
concentrates, high-methoxyl (HM) pectins are used to stabilize oil emulsions and fruit
particle suspensions. Instant fruit juice powders incorporate HM pectin to provide a

natural mouthfeel in the reconstitute beverage.
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Fig. 3. Effects of gums on hardness of Yackwa after storage of 4 weeks at 25

Control G-G-1 G-G-2 G-X-1 G-X-2

Treatment

C for 0 week(A) and 4 weeks(B).

G-G-1: 0.05 % gellan gum, G-G-2: 0.1 % gellan gum, G-X-1: 0.1 % xanthan
gum, G-X-2 ! 05 % xanthan gum. Means with the different letter are
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significantly different from one another(p<0.05).

Control G-G-1 G-G-2 G-X-1 G-X-2
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Table 4. Moisture contents of gum-treated Yackwa

Cums Concentration (0} Moisture contents(%") Ratio™
0 week 4 weeks (4 weeks/0 week)

Gellan gum 0 12.23+0.08  9.05+0.03 14.22+0.45°
0.05 13.22+0.09  10.26+0.23 14.63+0.30°
0.1 12.46+0.15  11.75+0.29 13.420.18"

Xanthan gum 0.1 12.60+0.10 10.89+0.24 14.47+0.44%
0.5 10.71+0.03  10.42+0.09 11.90+0.31°

" dry basis

«, moisture contents of 4 weeks-stored Yackwa
' moisture content of 0 week-stored Yackwa

Table 5. Oil contents of gum-treated Yackwa

Gums Concentration(%) Oil contents(%")
Gellan gum 0 14.22+0.45
0.05 14.63+0.30
0.1 13.42+0.18
Xanthan gum 0.1 14.47+0.44
0.5 11.90+0.31

* ¢ dry basis
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Fig. 4. Effect of gum treatment on initial hardness of Yackwa.

The moisture contents of control and gellan gum treated-Yackwa were 12.23+
0.08, 12.46+0.15, respectively. The moisture contents of control and gum-treated
Yackwa are not significantly different(P>0.05). Hardness of gum-—treated Yackwa
is significantly different from control(P<0.0001).



Table 6. Surface color of gums—treated Yackwa

Storage Treatment Color difference
time gum Concentration(%6) L a b AE
0 week Gellan gum 0 RHB245 4301123 63718 26424280
0.05 AR+262 327108 4187 H08E252
0.01 32155348 3064073 511418 27644343
Xanthan gum 0.1 30.12+304  364+1.34  606£1.60 2844+2.48
0.5 30.10£318  403#086 5454203 29.34+301
4 weeks Gellan gum 0 3594357 513t167 96226 5124378
0.05 07925 4244129 8294138 2815+2.80
0.1 HA3+245 373063 47208 H52+2.38
Xanthan gum 0.1 32494347 323x0/5  514+1.34  27.26+329
0.5 BM363  HXBrLEY 6239 HEHE3EH

* @ Mean * S.D.(n=20). Gums-treated Yackwa were stored at 25 C for 4 weeks.
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Fig. 5. Effects of emulsifiers on hardness of Yackwa after storage of 4 weeks at
25 C for 0 week(A) and 4 weeks(B). E-M-1: monoglyceride 0.1 %, E-M-2:
monoglyceride 0.5 %, E-C-1: citric acid ester of mono-diglyceride 0.1 %, E-C-2:

citric acid ester of mono-diglyceride 0.5 %. Means with the different letter are

Control E-M-1 E-M-2 E-C-1 E-C-2

Treatment
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significantly different from one another(p<0.05).
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Table 7. Moisture and oil contents of emulsifier-treated Yackwa

Emulsifiers Concentration(%)  Moisture contents(%)  Oil contents*(%)
Monoglyceride 0 11.38+0.47 13.11+0.60
0.1 11.71+£0.14 19.99£1.30
05 11.46+0.28 15.58+0.12

Citric acid/

. . 0.1 10.42+0.27 16.68+0.60
mono-—diglyceride

0.5 9.74+0.08 22.92+1.54

% dry basis



Table 8. Surface color of emulsifiers—treated Yackwa

Color difference

Storage time Treatment
L a b AE

0 week Control 30.66£1.97 3.38+0.84 7.18+0.48 28.55t1.87

E-M-1 30.02£2.10 3.28+0.66 4.38+1.12 29.74£2.01

E-M-2 30.8512.24 3.01+0.86 4.33£1.27 28.89+£1.94

E-C-1 28.39+1.41 4.12+1.78 6.03£1.20 30.82+£1.53

E-C-2 28.98+2.84 5.50£1.11 5.99£1.14 30.02+2.86

4 week Control 34.90£3.19 4.62+1.54 9.84+2.34 23.97+£3.25

E-M-1 31.20+3.01 3.07£0.91 3.97£1.01 28.86+2.90

E-M-2 31.39+£3.58 4.22+1.38 6.00£2.00 27.95£3.63

E-C-1 29.07£2.75 4.89£1.35 0.84£2.06 30.12+2.59

E-C-2 30.24£2.00 5.03£1.06 4.57+£1.30 29.13+1.94

* ¢ Mean * S.D.(n=20). Emulsifiers—treated Yackwa were stored at 25 C for 4
weeks. E-M-1: monoglyceride 0.1 %, E-M-2: monoglyceride 0.5 %, E-C-1: citric
acid ester of mono-diglyceride 0.1 %, E-C-2: citric acid ester of

mono-diglyceride 0.5 %.
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Fig. 6. Effects of gums and emulsifiers on hardness of Yackwa.

Yackwa samples were stored at 25 C for 4 weeks. I 0.05 % gellan gum + 0.1
% monoglyceride, II. 0.05 % gellan gum and 0.5 % monoglyceride, III: 0.1 %
gellan gum and 0.1 % monoglyceride, IV: 0.1 % gellan gum and 05 %
monoglyceride. Means with the different letter are significantly different from

one another(p<0.05).



Table 9. Moisture and oil contents of gum and emulsifier-treated Yackwa

Concentration(%) Moisture contents(%) Ratio™
Gellan gum Monoglyceride 0 week 4 weeks (4 weeks/0 week)
0 0 13.42+0.25"  11.86+0.22 0.88
0.05 0.1 14.07+0.01  12.54+0.06 0.89
0.5 13.97+0.04  12.60£0.20 0.90
0.1 0.1 15.36+0.05  13.95+0.18 0.91
0.5 14.01+0.01  12.77+0.26 0.91
“ Mean * S.D.

«. moisture contents of 4 weeks-stored Yackwa

moisture content of 0 week-stored Yackwa

Table 10. Oil contents of gum and emulsifier—treated Yackwa

Concentration(%) Oil contents (%)
Gellan gum Monoglyceride 0 week
0 0 16.08+0.08
0.05 0.1 13.32+0.10
0.5 15.43+0.06
0.1 0.1 12.25+0.12
0.5 13.34+0.06

*t dry basis
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Fig. 7. Correlation of moisture contents and hardness of gums and
emulsifiers—treated Yackwa during storage.

A: correlation between initial hardness and initial moisture contents of 0
week-stored Yackwa R2:*0.282, B: correlation between hardness and moisture
contents of 4 weeks-stored Yackwa R*=-0.591. Control and gums and/or

emulsifiers—treated Yackwa were stored at 25 TC.



Table 11. Surface color of gums and emulsifiers-treated Yackwa

Concentration(%) Color difference
Storage time
Gellan gum Monoglyceride L a b AE

0 week 0 0 26.19£167 310064 6554074 33.02+1.56
0.05 0.1 28770£1.07 251+042 656+0.75  30.69+1.02
0.5 31.59+2.82 293+089 815170 2762+3.07
0.1 0.1 34.05+1.00 3494035 532+051 2563+1.02
0.5 3H13+1.00 284036 569+0.71 24.69+1.11
4 week 0 0 3161£1.98 393+1.06 641145 2765+2.15
0.05 0.1 3047+2.01 3224058 7.06+153 2887+2.02
0.5 28770£364 2801056 691+£1.71 30.61+374
0.1 0.1 28544316 274047 6.71#097 30.78+3.13
0.5 30651293 3524#1.23 691231 29.10+2.98

“ ¢ Mean * S.D.(n=20). Emulsifiers—treated Yackwa were stored at 25 C for 4

weeks.
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Fig. 8. Changes of Yackwa hardness by different syrup used for syrup—dipping.
Yackwa samples were stored at 25 C for 0 week(A) and 4 weeks(B), I syrup
with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with D.E. of 60
~ 65, IV: syrup of oligosaccharide content above 50 %. Hardness of treatment I
(0 week and 4 weeks) are out of range at this experimental condition. Means

with the different letter are significantly different from one another(p<0.05).



Table 12. Surface color of Yackwa with different dipping syrup

Color difference

Storage time Treatment

IL a b AE
0 week I 37.90+3.99" 6.07+1.81 9.78+3.09 20.80+4.41
I 31.30+3.28 3.21+0.68 6.41+1.60 28.14+3.43
11 33.70+2.93 4.92+1.02 7.14+2.08 25.33+3.31
v 36.20+2.93 3.01+0.74 5.04+2.52 23.95+3.28
4 week I 34.19+6.47 5.43+1.76 8.67+3.82 24.76%6.79
I 31.14%1.76 3.74%+1.08 8.84+1.43 27.80+1.91
11 31.10+4.30 4.03+1.03 8.88+2.82 27.85+4.50
v 31.14+1.76 3.74+1.08 8.84+1.43 27.80+1.91

* ¢ Mean = S.D.(n=20). Emulsifiers—treated Yackwa were stored at 25 C for 4
weeks. I syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, IIIl: syrup
with D.E. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 9.
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Table 13. Sensory evaluation of palatability of Yackwa treated with gum and

emulsifier
Stqrage Characteristics Control I II 11 v
Time
0 week  Appearance 4.7% 5.4% 5.7 6.4 4.2
Flavor 4.5" 5.7 5.5 5.7 5.0
Taste 5.4" 5.1% 5.5" 4.8 5.1%
Texture 5.0 5.2 6.1 4.7 4.7
Overall acceptability  4.5° 5.1% 6.0 5.1° 4.9
4 weeks  Appearance 4.7 5.7% 7.0° 6.6% 5.9%
Flavor 5.2° 5.6 5.3 5.8° 5.9
Taste 4.5° 5.5° 5.7 6.1 4.3
Texture 3.9" 5.8 5.4 6.3" 3.3

Overall acceptability 4.6 5.6 6.0% 6.3% 4.2°

Palatability of fresh and stored Yackwa samples were investigated. I: Yackwa
with 0.05 % gellan gum and 0.1 % monoglyceride, II: Yackwa with 0.05 % gellan
gum and 0.5 % monoglyceride, III: Yackwa with 0.1 % gellan gum and 0.1 %
monoglyceride, IV: Yackwa with 0.1 % gellan gum and 05 9% monoglyceride.

Yackwa samples were stored at 25 C for 4 weeks.
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Table 14. Dimension of Yackwa with different size

Size Dy Dy T
Small 2.58+0.11 2.58+0.11 0.74+0.05
Medium 4.30+0.12 4.32+0.19 0.96+0.05
Large 6.56+0.05 6.28+0.22 1.12+0.04

Dy, Dy : Diameter of Yackwa in cm, T : Thickness of Yackwa in cm

Table 15. Oil contents and syrup absorption of Yackwa with different size

Size Oil content(%6)  Syrup absorption rate(%6) Absorbed syrup amount(g)
Small 19.45+0.43 61.90+14.09 2.24+0.47
Medium 15.65+0.06 47.02+8.58 5.40+0.91

Large 12.86+0.24 65.68+3.62 14.67+0.84




Table 16. Hardness of Yackwa with different size

M.F. AF D A

Side part  Small 3849+103° 2822+716" 4.9+0.2° 19952+4635"
Medium  9727+2747°  6143+426° 9.2+05%  49428+10257°

Large 4359+979° 2876+554" 9.5+0.7° 24629+4932°

Center part Small 3110+970° 2242+755° 7.8+0.6” 15793+4345°
Medium  7917+3012"  5558+1960" 8.9+0.5" 42070+1327"

Large  6419+1408"  4134+999" 9.0+0.7° 31685+6293°

Instrumental hardness of Yackwa was measured using texture analyser(TA.XT2).
For analysis of hardness of Yackwa, rupture test mode was used. M.F.

Maximum force(g), A.F. : Average force(g), D : Distance from the surface of
the Yackwa to the Rupture(mm), A : Force value from the starting point to the
peak(g - s). Means in a column with the same letter are not significantly

different (p>0.05).
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Table 17. Surface color of Yackwa with different size

Color difference

Size
L a b AE
Small 37.74+2.89 491+1.42 16.20+3.08 41.41+3.90
Medium 39.13+£3.49 7.831t1.88 19.62+4.66 44.56+5.38
Large 39.53+3.26 4.70+1.39 17.66+4.19 43.65+4.56
A .
"8 & &

Fig 9. Photos of Yackwa with different size.

A: large size Yackwa, B: medium size Yackwa, C: small size Yackwa
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Table 18. Proximate analysis of Yackwa fried with different frying oil(%, wet

basis)

proximate analysis

frying oil
moisture crude protein crude lipid crude ash

with syrup dipping  rice bran oil 11.83+0.25 3.72+0.03 14.42+0.21  0.05£0.00
corn oil 13.05£0.32 3.75+0.15 10.04+0.11 0.01£0.01

soybean oil  13.39£0.01 3.53+0.06 13.42+0.18  0.05x0.00

without syrup dipping rice bran oil 8.83+0.34  6.69+0.05 22.38+0.52 0.23£0.03
corn oil 8.52+0.35  6.62+0.03 23.04£0.11 0.30+0.03

soybean oil  7.97+0.33  6.16x0.02 22.31+x0.20 0.26+0.04
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Fig. 10. Changes in weight of Yackwa during storage at 25 C. A: Weight
changes of Yackwa with syrup-dipping, B: Weight changes of Yackwa without

syrup-dipping.
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Fig. 11. Changes in surface color of Yackwa fried with different frying oil
during storage for 16 weeks at 25 C. A, B: Yackwa fried with rice bran oil, C,
D: Yackwa fried with corn oil, E, F: Yackwa fried with soybean oil. A, C, E:
Yackwa with syrup-dipping, B, D, F: Yackwa without syrup-dipping.
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Fig. 12. Changes of acid value of Yackwa fried with different frying oil when

stored at 25 C.
(A) Yackwa with syrup-dipping, (B) Yackwa without syrup-dipping. Oil for acid

value test were extracted with 20 volume of diethyl ether for lhr and pure oil

were obtained by evaporation.
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Fig. 13. Changes of acid value of Yackwa fried with different frying oil during
storage at 25 TC.

(A) Yackwa with syrup-dipping, (B) Yackwa without syrup-dipping. Oil for acid
value test were extracted with 20 volume of diethyl ether for lhr and pure oil

were obtained by evaporation.
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Table 19. Effects of syrup-dipping conditions on syrup absorption and

instrumental hardness of Yackwa

Syrup-dipping condition

Syrup absorption rate(%) Hardness(g)
Temperature Time
Room temp. 60 34.8+1.8 8250.4+1598.9
180 37.3+2.5 9383.3+1913.6
360 374434 7789.0£1597.6
60 C 15 46.3+2.7 7723.3£1582.4
30 38.745.8 715302+1204.1
60 41.7+#2.4 7330.0+1747.8
105 C 05 37.0+2.3 9568.4+2160.3
1 379+1.2 7968.6+1779.2
2 39.1+2.7 7773.8+1344.0

Instrumental hardness of Yackwa was measured  using Texture
analyser(TA.XT2). For analysis of hardness of Yackwa, rupture test mode was

used.



Table 20. Changes in dimension of Yackwa by syrup-dipping process

D1 Dy T
Before syrup-dipping 64.38+1.46 60.39+1.14 14.23+1.05
After syrup—dipping 65.04+1.87 61.37+1.45 13.43+1.44

Dy, D2 : Diameter of Yackwa in mm, T : Thickness in mm.

Raw materials
l
Mixing
l
Molding
l
Frying
l
Syrup dipping
l

Cooling

l

Packaging

Fig. 14. Process diagram of Yackwa preparation.



Az Ab7tel HAbE BV BE 7]EX B ol Abul wWElyh ofxlo] FE FA
A8} IAZE ofde] Sl = AT

A 182133 E (Biopolymers) S ©] 83 edible films$} coatingst© W% 2] &,
S AFE, AFEHRAE, oA, A T b A A Fokel A Bl A H, water
vapor, 7F2, @1 Foll Wil T Adurs @At AlEe FE
Ad A 5 F4 435 At g5Ho2E FEUI A4S BHor A8
o] gt} o|& 59 corn zein¥ sucrose fatty acid ester®] FH -2
AGA o mN fFE7IFE AGAITI 7] fste]l Abd, viyy EntE Gl A
gtth(santerre 5 1989, Park & 1994). AMlAd @] FESWS st A4EAS
=7k 7171 Y3Fe] casein Z¥ o] A8% ul 9 01 (Avena-Bustillos 5 1993) # &
S 233 cellulosics™ AMEIAL, ofolxay & YsAFo] dis] v A<
Ad, i, A 2dEs JAd A7 tH(Kesteret Fennema 1989, NelsonZ} Fennema
1991, Rico-Pena®} Torres 1990). B3+ corn zein F® & 3o 4k3} wWhx|o] #-&
2 4 A2 (Cosler 1958) edible hydrocolloid coating= 30 CTeolA 47 FoF %3l
W wF HEALel Y] {§A] o]lFS WAAZL F AUTHBrake ¢ Fennema 1993). &
& HAd T4 T AFY A4 FFE AT oEA AFe ZEYE W e 4

S.E]jj_ 0]

5 A corn zein, gellan gum, methylcellulose, hydroxypropyl methyl

cellulose 5 edible films< chiken strip, potato balls 5ol =¥3}o] oF2 95 A
Ao A HA ¥4 T AFY A FTE AAXNIIE T AZEY AF el
= AE% 1 UrH(Holownia 5 2000, Mallikarjunan 5 1997, Williams®} Mittal
1999, Alberte} Mittal 2002). & ol = hydroxypropyl methyl cellulose®] nisin %
g EAS  FH71ste]  Staphylococcus aureus 9F  Listeria innocuac] o g
antibacterial edible film A& 7IEsteE & Ht; 5242 7d 9 edible films
and coatingsell W3 A Ayt HaE i YH(Sebti ¢ Coma 2002, Coma 5
2001). WA o2 edible filmsE plastic films Bttt 8 FAdL o} Al
ojabstet e tish T2 v Holt}, cellulose filme] 25 AbAe} o] ibsleka
5 7t 534 L glycerold 22 plasticizer® ¥7Fsla $taS Ao 2R S}

A F vtz ®uEa 9 oh(Parky®} Chinnan 1995). ®3F hydroxy propyl methyl



Table 21. Characteristics of Yackwa by application of selected edible coating

films
. Film Appearance  Inhibition of weight
Lo b Type preparation (Glossness) loss during storage
GPS starch—based Aqueous + ~ — +
GPS. Starchfblased, Aqueous . .
composite plasticizer
HPMC carbohydrate Aqueous . .
based
Gellan gum carbohydrate Aqueous” + +
based

GPS: gelatinized potato starch, GPS composite: GPS, glycerol, propylene
glycol, HPMC: Hydroxypropyl methyl cellulose, +: high, * medium, —: low

i Hot water solution is preferred. *: No data available.
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o] Table 219 YEFH nke} o] F 4% 9] starch =+ cellulosed-base & AA)
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s A8T A ol¢ e FAHE A Tt AoE ARHY XS #Hst
of AAY EAe] dad Aow Atgdn. ob& ¥ brushing WHE HES uh 7}
A 5 &9 1 ~ 4% v=8 AT F & ol&sto oy UiY & &
A7F ¢ 02 ~ 04 g¥ ZREH=S A ZFH brushingst ou b Al wvith 1”4
= 4AsHA 2487 oy dxel Silvh ®bd dipping o AES 483
By ddd 7" ARE 4 5 AT ol Z® WHOE = dipping WS A
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A5 s A nGAZ F dippingAltel e #F9 AW aHE
FE2317] 2 5}o] gelatinized potato starch ¢} gelatinized potato

starch/glycerol/polyethylene glycol, hydroxypropyl methyl cellulose &A1 2] %+
FE A7E 30 ~ 150 secE gellan gum® A$E 2 ~ 30 sece 2 XAt A1F
g A 7 5 A TRl wel 48 T AR AFolrk Addek Ak
Ao 2 dipping AlZte] SVt s”E dFo ol ARt FUbehe BEFS

WR o}t 2 % gelatinized potato starchE ©]-83lo] 30%%t dipping $ 4% ©9
°fat T 0816ge FEFol ZEHJL 15027 dipping ¥ F5 o ok 7
0.865ge]l IHWH+= & FoAd zolE YEMNA = Zkt) oo gelatinized potato
starch®} gelatinized potato starch/glycerol/polyethylene glycol, hydroxypropyl
methyl cellulose 22l A& Ao 18 o]sl2 ZB 3= Aol gellan gumY
Bok= Aol AEe s w8t
o 5 &Ae ol digk du AP o= gelatinized
potato starch 2} gelatinized potato starch/glycerol/polyethylene glycol,
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01 ~ 2 %= 2™l SHFE ol&ste]l 74 F5 §4& A=xsddd. o9
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Wi2 FE AA7F FESA FAFE, 25 TolA 1593 Aol oste] A%#
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Gellan gum2 glucose, glucuronic acid ¢ rhamnose’} 2:1:19] ExH] =2
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Fig 15. Photos of Yackwa coated with gellan gum.
A: Control, B: Gellan gum 0.25 %, C: Gellan gum 1.0 %. Yackwa samples were
stored at 25 C for 5 weeks.
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Fig. 16. Effect of gellan gum coating on weight changes of Yackwa during

storage.

Yackwa samples were stored at 25 C. As a control, distilled water was used

instead of edible film solution.
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Fig. 17. Effect of edible film coating on surface color changes of Yackwa during
storage. 0.25 %, 05 % and 1.0 % of edible film solution were used for coating
of Yackwa. As a control, distilled water was used instead of edible film solution.
Surface color changes of Yackwa during storage at 25 C were expressed as

Hunter's L, a, b value.



1.8 1.8 B

1.5 A 15 1.5
—_
N
- 12 12 12
g
= 09 0.9 0.9
5o
o 0.6
5 06 0.6
a 0.3 0.3 0.3

. —o— D.W. - —A— D.W. —&— D.W.
0.0 & —O— Edible film coating 0.0 —A— Edible film coating 0.0 of —— Edible film coating
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Time (weeks) Time (weeks) Time (weeks)

Fig. 18. Effect of edible film coating on weight loss of gum and emulsifier
treated Yackwa during storage at 25 TC.

A: Control Yackwa, B: 0.05 % gum and 05 % emulsifier-treated Yackwa, C: 0.1
% gum and 0.1 9% emulsifier—treated Yackwa. To analyze effect of edible film
coating on weight loss of Yackwa, distilled water was used as a control

treatment.
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Fig. 19. Effect of edible film coating on hardness changes of gum and
emulsifier-treated Yackwa during storage at 25 C.

A: 0 week-stored Yackwa, B: 4 weeks-stored Yackwa. I: 0.05 % gum and 05 %
emulsifier—treated Yackwa, II: 0.1 % gum and 0.1 % emulsifier—treated Yackwa.
Means with the different Iletter are significantly different from one

another(p<0.05).



Table 22. Effect of edible film coating on surface color of gum and

emulsifier—treated Yackwa during storage

Treatment Color difference
Storage time Dough Coating L a b AE
0 week Control  D.W.”"  3093+1.33" 4.15£1.63 7.12+2.48 2829+1.26
EF.™ 29774140 3.656+0.65 849+1.96 29.21+1.48
I D.W. 31.03+1.44 3.45+1.62 9.14+2.19 27.89+1.57

EF. 30.57£2.11  3.81+0.92 8.84+1.92 28.36+2.26
I D.W. 32.74+0.98  3.52+0.88  7.73+£270 26.53+1.12
EF. 31.44+£1.43 3.98+1.28 7.29+2.60 27.76+1.45

4 weeks Control D.W. 27196+1.20 4.30+1.17 837+2.19 30.90+1.10
E.F. 28.64+2.44  414+1.26 7.06+1.49 30.39+2.45

I D.W. 30.18+2.88 4.59+1.61 8.23+2.06 28.69+3.14

EF. 29.45+1.29 3.88+1.34 8.15+1.07 29.50+1.19

I D.W. 31.24+2.10 3.32+1.55  9.23+2.37 27.84+2.16

EF. 30.80+1.43 520+3.01 9.83+x1.93 27.94+1.85

“ Mean * S.D.(n=20). ™ Distilled water was used as a control for edible film

. *
coating

Yackwa. I 0.05 % gum and 0.5 % emulsifier-treated Yackwa, II: 0.1 % gum and

: 05 9% gellan gum solution was used as edible films and coatings for

0.1 % emulsifier-treated Yackwa. Yackwa samples were stored at 25 C for 4

weeks.



Table 23. Effects of edible film coating on gum and emulsifier-treated Yackwa

during storage

Acid value"
Treatment —
D.W. EF.™
Control 0.98+0.01° 0.82+0.00"
0.05 % gum + 0.5 % emulsifier 0.93+0.01° 0.84+0.02°
0.1 % gum + 0.1 % emulsifier 0.80+0.00° 0.73+0.01°
" Acid values of 4 weeks stored Yackwa at 25 C. ™ 05 % edible film

solution was used in coating of Yackwa ™ Gum and emulsifier were added at
indicated level in dough preparation step. Means with the different letter in a

row are significantly different from each other(p<0.05).
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Table 24. Changes of textural characteristics of pine pollen Dasik and black

sesame Dasik by storage

Texture

Treatent
Sainginess  Gumminess Cohesiveness Adhesiveress  Hardness  Chewiness

Pine pollen Dasik

0 month 0494007  1306+82"  0.34+0.02" 796+673 3353185 639+84°

2 months 041:002"  1436£121*  0.35+0.01° N/A 4512+468"  539+81°

Black sesame Dasik

0 month 040+0.02"  1982+131° 0.33+0.01" 3924207 6045+377° &46+132

2 months 044+0.06" 4120+1023" 0.35+0.02" N/A  UBI+R73" 1824+660°

“t Mean * S.D. Dasik samples were stored at room temperature. Means in a

column with the same letter are not significantly different (p>0.05).



Table 25. Textural characteristics of pine pollen Dasik with different syrup for

dough preparation

Storage Texture
) Treatrrent
Sainginess  Gumminess Cohesiveness Adhesiveress  Hardness  Chewiness
Oweek I 046+001"  1690+274" 039+0.01°  N/A  4275+766° 779+122°
II 046+0.03" 1793+282* 0.37+0.02° N/A  4911+608" 816+122°

11 042+001° 1329+296° 037+0.02°> N/A 36304824 506+103
v 047+0.02°  1582+249" 039+0.01°  N/A 3993619 742+95°

Y, 040+0.02° 1125+241¢ 0344001  N/A 32494649 455+120°

4 weeks 1 045+002°  1910+234*  040+0.01* 1210406 4852+643" 832+112°
i 044003 1492+217" 0.36£0.01° 1893+2.87° 4153+615" 656+117
111 041:002° 1222416 0.36£001° 2469+10.33" 3471562  498+7f
v 0460.05" 1521+229" 0.38+0.02° 9.25+354° 4058635 699+152°

Y, 0.37+0.02° 12424214 0.34+0.02 1495796 3694+656™  460+90°

“ Mean = S.D. (n=20). I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40
~ 45, III: syrup with D.E. of 60 ~ 65, IV: syrup of oligosaccharide content
above 50 %, V: syrup with D.E. of 38 ~ 58. Means in a column with the same
letter are not significantly different (p>0.05).



Table 26. Moisture contents of pine pollen Dasik with different syrup

Syrup Moisture contents(%)
I 18.71+0.08
Il 14.19+0.09°
I 14.96+0.18"
I\ 16.01+0.17"
A 15.20+0.07°

I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %, V: syrup
with D.E. of 38 ~ 58.

Table 27. Surface color of pine pollen Dasik with different syrup for dough

preparation
Color difference
Treatment
L a b AE
I 74.44+0.53 -0.47%0.09 36.50+0.25 82.91+£0.52
I 74.11+0.64 -0.49+0.27 37.94+0.86 83.27£0.56
11 73.92+0.62 -0.49+0.42 37.52£0.64 82.90£0.52
v 74.45£0.91 -0.62+0.22 38.14+0.61 83.65£0.90
\4 73.11+0.85" 0.12+0.19 37.26+0.35 82.06+0.79

“ Mean = S.D. (n=20). I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40
~ 45, III: syrup with D.E. of 60 ~ 65, IV: syrup of oligosaccharide content
above 50 %, V: syrup with D.E. of 38 ~ 58.



Table 28. Textural characteristics of black sesame Dasik with different syrup for

dough preparation

Storag Texture
) © Treatrent

0week I 042+0.04 1622179  0.38+0.01*  1812+85F 4083+489° 669+119"
i 0.3940.02° 1796197 0.37+0.02° 57.8+28) 4931+765" 636+62°
111 0.3240.02° 1092+145°  0.31+0.02° 2841+12.28° 3593+528° 364+71"

I\ 0.3840.03°  900+202%  0.36+0.01° 30.42+1268 2448+528" 354+105

Awecks 1
i 0.39+0.05° 1868+294" 0.30+0.02° 97.11+30.65" 31304307 756+105"
111 048+0.09" 898+109° 0.31+0.02° 1702046799 3050+464° 414+124

I\ 04040.04° 1108+136° 0.34+0.01" 91.48+41.90° 6403+1000° 429+85

" Mean = S.D. (n=20). ™ not available at texture analysis condition used. L
syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %. Means in a

column with the same letter are not significantly different (p>0.05).



Table 29. Moisture contents of black sesame Dasik with different syrup

Syrup Moisture contents(%)
I 7.95+0.15°
1 6.80+0.10¢
111 9.94+0.02°
v 10.76+0.09°

I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
D.E. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %.

Table 30. Surface color of black sesame Dasik with different syrup for dough

preparation

Color difference

Storage time Treatment

L a b AE
0 week I 26.30£0.42°  -0.08+0.08  0.88+0.18  26.31+0.41
I 2748+0.33  -0.06+0.07  0.74£0.13  27.49+0.32
I 2718068  -0.05+0.07  0.78£0.23  27.19+0.67
v 2731050  -0.07£0.06  052£0.19  27.31+0.50
4 week I 2640047  -0.02£0.06  0.78£0.10  26.41+0.47
I 26.63+0.78  -0.04£0.06  0.65+0.13  26.64+0.78
I 26.38+0.70 0.00+0.07 0.68+0.12  26.39+0.70
v 27.300.46 0.04+0.07 0.53+0.14  27.31+0.46

“ Mean * S.D. (n=20). Dasik samples were stored at 25 C for 4 weeks.
I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
D.E. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 2.
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Table 31. Levels of ingredients as texture-modifier for Dasik preparation

Level of ingredients

Ingredients
Control P-1 P-2 P-3 P-4
Polydextrose
8 16 32 48
(% of syrup added)
Agar
0 0.05 0.1 0.2 0.4

(% of total amount)

Total amount : raw materials for Dasik 36 % + syrup 58 % + water 6 %.

Table 32. Proximate analysis of polydextrose-treated pine pollen Dasik (%, wet

basis)
proximate analysis
Treatment

moisture crude protein crude lipid crude ash

Control 14.04+0.09 3.85+0.03 5.43+0.33 1.37+0.00

P-1 14.13£0.07 4.26+0.14 3.10£0.04 1.54+0.09

P-2 14.49+0.08 4.11+0.11 4.25+0.09 1.47+0.05

P-3 14.41+0.09 3.91+0.11 4.92+0.06 1.52+0.01

P-4 16.31+0.18 4.13+£0.05 2.08+0.08 1.18+0.04




Table 33. Textural characteristics of polydextrose-treated pine pollen Dasik

stored at 25 C for 4 weeks

Texture
Treatment
Sainginess  Gunminess Cohesiveness Adhesiveness Hardness  Chewiness
Control 047+0.03 109424 0.4+0.02 N/A 2494621 56+1H
P-1 045+0.03  812+111 0.37+0.02 N/A 2624315 3650
P-2 0440050  836+187 0.36+£0.03 N/A 28145564 399£19
P-3 040+0.02  713x170 0.36+0.02 N/A 124373 2013573
P-4 0.45+0.03 8H+92 0.38+0.01 N/A 2367225 40433

" Mean * SD. (n=20). Means in a column with the same letter are not

significantly different (p>0.05).

Table 34. Moisture contents of polydextrose-treated Dasik (%)

Treatment Moisture contents (%)
Control 14.04+0.09
P-1 14.13+0.07
P-2 14.49+0.08
P-3 14.41+0.09

P-4 16.31+0.18




Table 35. Surface color of polydextrose-treated pine pollen Dasik

Storage time Treatment

Color difference

IL a b AE
0 week Control 68.78+1.62° -0.14+055 42.09+0.69 80.64+1.54
P-1 67.62+2.01 0.16+0.60  41.70+0.86 79.45+1.91
P-2 66.97+1.45 0534042 42.46+0.82 79.30+1.57
P-3 69.85+1.55  -0.44+0.47 41.40+0.61 81.20+1.57
P-4 69.70+1.20  -0.28+0.32 41.04+0.64 80.88+1.32
4 weeks Control 70.46+1.55  0.58+021  33.76£2.82 78.20+0.80
P-1 65.71+£2.06  0.89+0.57  41.74+091 77.86+2.11
P-2 63.50+4.98  1.23+0.32  41.69+0.76 76.03+4.07
P-3 67.14+1.57  0.58+0.48  40.87£0.64 78.61+1.57
P-4 68.10+0.85  051+£0.31  40.69+0.62 79.33+0.95

* Mean + S.D. (n=20).
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Fig. 20. Effects of antioxidant on acid value and peroxide value of black sesame
Dasik.

(A) Acid value, (B) peroxide value. Oil for acid value and peroxide value test
were extracted with 20 volume of diethyl ether for lhr and pure oil were

obtained by evaporation. Black sesame Dasik samples were stored at 37 C.
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Table 36. Dimension of Dasik with different size

Size D1 Dz T
Small 27.54+0.65 26.83+0.67 10.27+0.65
Large 31.25+0.34 30.69+0.50 8.61+0.54

D, D2 ¢ Diameter of Dasik in mm, T : Thickness of Dasik in mm

Table 37. Textural characteristics of pine pollen and black sesame Dasik with

different size

Texture
Treatrrent
Soinginess  Gunminess Cohesiveness Adhesiveness Hardness Chewiness
Pine .
Pall Small 036+x0.02° 813+92  0.33+0.01 N/A DI7+270  296+43
ollen

Dasik Large 041+0.02 1246+158  0.35+0.01 N/A 30314398 S08+73

Black

Small 035002 963143  0.30+0.02 41.31+28.04 3283+5%6  333+48

Sesame

Dasik Large 0.39£0.02 13M4+212 033001 1248+7.67 42614823 543100

' Mean * S.D. (n=20). Initial texture of pine pollen and black sesame Dasik

were measured using texture analyzer. Means in a column with the same letter

are not significantly different (p>0.05).



Table 38. Moisture contents of pine pollen and black sesame Dasik with

different size

Size Moisture contents(%)
Pine pollen Small 15.29+0.10°
Large 15.11+0.07°
Black sesame Small 8.35+0.12°
Large 8.48+0.06°

4 dry basis

Table 39. Surface color of pine pollen and black sesame Dasik with different

size
Color difference
Treatment
L a b AE

Pine pollen Small 72.82+056° -0.05+0.19  36.36+0.49  81.40+0.66
Dasik Large 73.49+0.72 -0.01+0.15  3756+055 82.54+0.63
Black sesame ~ Small 27.33£0.93" -0.27+0.14 1.62+0.32 27.38+0.93
Dasik Large 29.27+2.34 -0.71+£0.39 3.21+1.14 29.47+2.45

“ Mean + S.D. (n=20).
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Fig. 21. Changes of acid value and peroxide value of black sesame Dasik with
different size.

(A) Acid value, (B) peroxide value. Acid value and peroxide value of black
sesame Dasik stored at 37 T for 50 days. Oil for acid value test were
extracted with 20 volume of diethyl ether for l1hr and pure oil were obtained by

evaporation.
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Table 40. Particle size distribution of black sesame powder

Sieve method

Particle size analyzer

fraction % weight Particle size (um)
~ 20 mesh 30.5 Diameter at 10 % 2.8 £ 0.0
20 ~ 30 mesh 46.0 Diameter at 50 % 100.2 £ 3.7
30 ~ 40 mesh 23.4 Diameter at 90 % 4277 + 04
40 mesh ~ trace amount Mean diameter 162.8 + 2.2

Table 41. Comparison of particle size of fractionated black sesame powder

Fraction Diameter at 90 %(um)
Control 42777 + 04
~ 20 mesh 4304 + 3.7
20 ~ 30 mesh 4293 + 4.5
30 ~ 40 mesh 4256 + 5.2
40 mesh ~ 410.8 + 10.6




Table 42. Proximate analysis

sesame (%, wet basis)

of Dasik with different particle

size of black

Proximate analysis

Particle size

moisture crude protein crude lipid crude ash
Control 7.7+0.1° 11.620.0° 25.4+0.1 3.2+0.0%"
20 mesh < 76+0.1° 11.9£0.1° 27.4+0.0° 3.0£0.0°
20 ~ 30 mesh 7.0+0.1° 12.2+0.1% 30.6%0.1¢ 3.2+0.0
30 ~ 40 mesh 77£0.1% 12.0£0.1° 27.8+0.1° 3.2£0.0

Means in a column with the

same letter are not significantly different (p>0.05).

Table 43. Textural characteristics of black sesame Dasik with different particle

size

Texture

Particle size

Srirg i e

Adhesiveness Hardness  Chewiness

Control 037003 1207+194" 035002 47.59+16.70" 3408+583"  44492°
20 mesh < 0.36£0.01°  934£176°  0.37+001° 21.204616° 2666+563° 35377
20 ~ 30 mesh  039+0.02° 1149+214° 0.36+001° 31.88+10.02" 3035+638" 438+98"
30 ~ 40 mesh 037+0.02° 111656" 0.36:002" 16.00£875 3176+23%" 407+41™
“* Mean * S.D. (n=20). Means in a column with the same letter are not

significantly different (p>0.05).
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Fig. 22. Principal component analysis for normalized pattern of black sesame

Dasik coated with different coating oils.

Table 44. Quality factor for normalized patterns of black sesame Dasik coated

with different coating oils

Coating oils Quality factor
Control @ Sesame oil 1.293
Control : Rice bran oil 2.405
Control : Soybean oil 0.186
Sesame oil : Rice bran oil 1.827
Sesame oil : Soybean oil 1.316

Rice bran oil : Soybean oil 2.208




Table 45. Proximate analysis of black sesame Dasik with different coating oil

(%, wet basis)

Proximate analysis

Ots moisture crude protein crude lipid crude ash
Control 10.8+0.8 10.6+0.4 15.0+0.5 3.0+0.1
Sesame oil 10.7+0.1 10.6+0.2 16.9+0.1 3.4+0.0
Rice bran oil 10.7+0.2 10.5+0.1 16.6+0.4 3.1+0.1
Soybean oil 10.6+0.1 10.7+0.2 16.4+0.0 3.0£0.0

Table 46. Textural characteristics of black sesame Dasik with different coating

oil

Texture

Treatment
Spinginess  Gunminess Cohesiveress  Adhesiveness Hardness Chewiness

Control 040+0.05”" 1860+286" 0.36+0.02>  &41+277 RAGRY T+
Sesame oil  043+0.07"° 2012+331% 0.34+0.03° 96361  HHEERY  RE2H
Rice bran oil 043+0.04" 1901+206° 036+0.03"  816+15%6  5218+711° 80+

Soybean oil  046+0.02° 1486+327° 0.40+0.03° 685+195  3MU7ETIE 074157

“ Mean + S.D. (n=20).
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lipid-based, starch-based & 59 &A1 5 thdol dist 84, HolAS 1H
sto] BAbul(EE &u)EA {7180 & A&Soksle 28 AT 4 1Yy oA

oA AlelstAE. eFAFel WF 7HAE FE Aol HdA 3ol starch-based
25 &2A9 cellulose base ZF LA 24 &AA9 553 vt glo] H3hs}
AR A FHE WHIATIA gE el o A Al tide® aEEdd
T} Starche A #F7ls & thde A9 viAA=ZA AE9] A% 53 59

o8 AMEHEI o filmE FFse TS ol &ste] A HE ZW A&
4 9tk 18y Starch base ZEH2 2tael] digh Ay -5y 71 A A vt
vtol plasticizer24 glycerols F7taslo] Ab&-alof &w (Forssel & 2002) 1Ahd %
%

Agrd Ay F-E AEFe 9 #o] cellulose base TE A2 gellan gum¥} H

e
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WP S uf FH o s ol F3b tha 9 590z thAle] IRES 93 A=
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g

of % AAEMN A”E AEF eyo] TRt VIS FolsiH AlFE £
Aol 55 FAANHAS ol AlF AA e Ao FFS vAA
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of AgstAs W i T v FA o] e

Natural waxes, petroleum-based waxes, oils, acetoglycerides % oleic
acid 59 lipid-based ZE& AAE= 8 dAlo] 48y F=2 #d == ALHF
o] ¥ ZH(Baldwin 1994, 1995, Kester 1986, Wong & 1994), &%, A3F, =
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Table 47. Weight changes of pine pollen Dasik coated with wax and gellan gum

during storage

Coating  Conoentration Storage time (days)
materials (%) 0 4 8 12 16
Wax 0 10040 9742¢412° 97214414  97.15+416  97.08+415
5 1000 9114063  9753+071 97.23+070 9685081
20 10080 99544013 916:017 9BII+021  IWE3H0
Gellan 0 100:0  R76:199 97114493  97.03+497 96249
gum
05 10040 9BE791  GBITSI  GBIOETSD 979379
1.0 1000 99294006 9920+853 90114851 IBIGE5H

" Mean + SD. (n=20). ™ 5 % and 20 % of bee’s wax solution were used for
coating of Dasik. As a vehicle for wax, soybean oil was used for bee‘s wax
coating. ™ 05 % and 1.0 % of gellan gum solution were used for coating of
Dasik. As a control, distilled water was used instead of gellan gum solution.

Dasik samples coated with wax or gellan gum were stored at 37 TC.



Table 48. Textural characteristics of pine pollen Dasik coated with wax

Storage  Concentration

Texture

time (29 Springiness  Gumminess Cohesiveness  Adhesiveress Hardness  Chewiness
0 day 0" 046003 7450992 0.40+0.01° ENAIBAT 1987+2305" 3591668
5 045£0.02*  6301+471" 0.37:0.01° 2105:71.06° 166D 2868+262°
20 0.40£0.03” 39704468 0.380.01° 307.72£10013 106571 1545:240°
16 days 0 053£0.04" 6286478 0.33+0.02 79192074 16252+784" 3776183
5 0.60£0.01" 8072+345"  0.38+0.01 76.39+34.57” XRBILI' 4863327
20 0524003° 48624503 0374002 1WR65:944" 1311141315 2494+471°

“ Mean * S.D. (n=20). ™ 5 % and 20 % of bee’s wax solution were used for

coating of Dasik. As a vehicle, soybean oil was used. " not available. Dasik

samples coated with wax were stored at 37 C. Different probes were used to

analyze the textural characteristics of 0 day and 16 days-stored Dasik.



Table 49. Textural characteristics of pine pollen Dasik coated with gellan gum

Storage Concentration Texture

time (29 Springiness Gumminess Cohesiveness Adhesiveness  Hardness  Chewiness

0 day 0" 043005 4260793 0.39+001"  NA™  1DH2067 1812+480°
05 0502007 4851+453" 041001 S5711x3211" 1230541653 2664327
1.0 051006" 5416+579" 042+0.02" 1502048 1B0LIAY 28334567

16 days 0 053+0.04 4408332 0.37+0.01° 1B&7F 18I0 23724335
05 052+0.04  3285+422°  0.36:0.01" 56708:A431° B2 1770+337
1.0 050£0.03  3364+160° 0.35:0.01" IBPHBN HUBRHP  1635+135

" Mean * S.D. (n=20). ™ 05 % and 1.0 % of gellan gum solution were used
for coating of Dasik. As a control, distilled water was used instead of gellan
gum solution. ™" not available. Dasik samples coated with gellan gum were
stored at 37 . Different probes were used to analyze the textural

characteristics of 0 day and 16 days-stored Dasik.



Table 50. Moisture contents of pine pollen Dasik coated with wax and gellan

gum

Concentration(%)

Storage Wax

. Gellan gum
time

0 5) 20 0 0.5 1.0

0 day 11.39+0.05 11.64+0.22 13.39+0.14 12.29+0.10 12.15£0.18 12.62+0.06

16 days  9.05+0.23 8.13+0.05 8.65+0.47  9.50+0.09 9.28+0.17 9.33+0.13




Table 51. Surface color of pine pollen Dasik coated with wax

Color difference

Storage time Treatment

IL a b AE

0 day 0" 74.34+0.76"  0.03£0.26  35.32+0.89 82.31+0.75
5 74.86+0.81 -0.01+0.34 35.82+1.77 83.01+0.54

20 7391+0.95  0.25+0.30 35.69+1.73 82.10+0.86

05 days 0 73.17x0.79  0.61£0.30  36.47+£1.04 81.77+0.59
5 7352+0.89  0.36+£0.44  36.98+1.27 82.31+0.56

20 7291090 -0.02+0.45 37.78+1.44 82.14+0.84

16 days 0 72.64+0.71  1.03+0.49  36.10£0.78 81.12+0.73
5 72.32+1.12 085054  36.66+1.66 81.11+0.85

20 72.38+0.68  0.26+£0.35  37.63+£1.32 81.59+0.85

* Mean = S.D. (n=20). ™ 5 % and 20 % of bee’s wax solution were used for
coating of Dasik. As a vehicle, soybean oil was used. Dasik samples were

stored at 37 C.
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Table 52. Surface color of pine pollen Dasik coated with gellan gum

Color difference

Storage time Treatment

IL a b AE

0 day 0~ 74.82+0.76°  -0.20+0.27 3554+1.39 82.84+0.64
5 74.03x0.94 012026  35.70£1.37 82.20+1.02

20 74.26+0.77  0.06£0.34  35.37+£2.03 82.28+0.59

05 days 0 7361+0.73  0.50+0.35  35.10£1.29 81.56+0.66
5 72.3120.87  0.60+£0.26  36.05£0.81 80.81+0.90

20 72.14+0.97  0.70£028  36.18£1.05 80.72+0.74

16 days 0 72.68+0.77  1.01+0.63  35.85%1.12 81.06+0.57
5 71.39+0.82  0.95+0.33  36.47+0.75 80.18+0.86

20 71.38+0.87  0.90+0.39  36.16£1.04 80.03+0.80

105 % and 1.0 % of gellan gum solution were used for coating of Dasik. As
a control, distilled water was used instead of gellan gum solution. Dasik samples

were stored at 37 C.
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Fig. 23. Principal component analysis for normalized pattern of pine pollen Dasik

coated with wax.

Table 53. Quality factor for normalized patterns of pine pollen Dasik coated with

wax
Coating materials Quality factor
Wax Control : 5 % wax 3.715
Control : 20 % wax 2.520
5 % wax : 20 % wax 0.962

Storage effects were not included
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Fig. 24. Principal component analysis for normalized pattern of pine pollen Dasik

coated with gellan gum.

Table 54. Quality factor for normalized patterns of pine pollen Dasik coated with

gellan gum
Coating materials Quality factor
Gellan gum Control : 0.5 % gellan gum 1.436
Control : 1.0 % gellan gum 1.803
0.5 % gellan gum : 1.0 % gellan gum 0.836

Storage effects were not included



Table 55. Weight changes of black sesame Dasik coated with wax and gellan

gum during storage

Coating  Concerttration Storage time (days)
materials (%) 0 4 8 12 16
Wax 0 1000 99334007 902009 W79011  9B67+0.13
5 1000 9BEA041  9BOR045  9750+043  97.32+043
20 1000 995007  916:010 9012 9WE50.13
Gellan 0 1000 9930£0056 9BM0M  W7R0I7 W58
gum
05 1000 993940056  9006:008 9BS008  IW4018
1.0 10080 9304010  9B%B011  W7R0I5  9BE00.14

" Mean + SD. (n=20). ™ 5 % and 20 % of bee’s wax solution were used for
coating of Dasik. As a vehicle for wax, soybean oil was used for bee‘s wax
coating. ™ 05 % and 1.0 % of gellan gum solution were used for coating of
Dasik. As a control, distilled water was used instead of gellan gum solution.

Dasik samples coated with wax or gellan gum were stored at 37 TC.



Table 56. Textural characteristics of black sesame Dasik coated with wax

Storage  Concentration

Texture

time (29 Springiness  Gumminess Cohesiveness  Adhesiveness Hardness  Chewiness
0 day 0" 040003  43194574" 029+002°  NA™  1406H48 1735329
5 0.340.02°  2866+227" 0.20:0.01° 192£11.60° BB 9651157
20 0.35+007° 1569+356°  0.33+0.02" GLIG2RIF 4426 580+226°
16 days 0 040+002° 3223+585" 021+0.02°  NA  15M7H5IS 127743261
5 0.37+0.02 2010+245° 0.18x0.01°  N/A 11021050 740+131°
20 049+005" 2319+371° 0.24:001* R7W4197  9BILNY 11194247

“ Mean = S.D. (n=20). ™ 5 % and 20

% of bee's wax solution were used for

coating of Dasik. As a vehicle, soybean oil was used. " not available. Dasik

samples were stored at 37 C. Different probes were used to analyze the textural

characteristics of 0 day and 16 days-stored Dasik.



Table 57. Textural characteristics of black sesame Dasik coated with gellan gum

Storage Concentration Texture

time (29 Springiness Gumminess Cohesiveness Adhesiveness  Hardness  Chewiness

0 day 0" 0.35+002” 2783+305> 029002  NA™  9BEIS  999+166°
05 0.360.02” 2858360 0.33x0.01° 11975121° &H43F 1030+196
1.0 0.42+005" 3130+439" 0.35+0.02" TR I7B146" 135242407

16 days 0 038+002° 1711:28 020+001° NA™ 854  665+100°
05 043+001" 1801+236" 0.22+001° NA DT 744132
1.0 050£0.04" 2806+257" 0.27+0.02" B2 103434518 14274157

" Mean * S.D. (n=20). ™ 05 % and 1.0 % of gellan gum solution were used
for coating of Dasik. As a control, distilled water was used instead of gellan
gum solution. “: not available. Dasik samples were stored at 37 C. Different
probes were used to analyze the textural characteristics of 0 day and 16

days-stored Dasik.



Table 58. Moisture contents of black sesame Dasik coated with wax and gellan

gum

Concentration(%)

Storage Wax

. Gellan gum
time

0 5) 20 0 0.5 1.0

0 day 11.07+0.04 11.56+0.44 11.75+0.17 13.39+£0.55 13.15+0.08 13.58+0.31

16 days  5.96+0.29 5.28+0.15 5.25+0.10 6.19+0.11 6.37£0.05 6.02+0.17




Table 59. Surface color of black sesame Dasik coated with wax

Color difference

Storage time Treatment

IL a b AE

0 day 0~ 27.18+0.79°  0.01+0.08  0.24£0.24  27.19+0.79
5 27.29+0.50 -0.01+0.08  0.27+0.15  27.29+0.50

20 26.89+0.62  0.01£0.06  0.28+0.12  26.89+0.62

05 days 0 27.88+0.53  -0.02+0.05  0.23+0.12  27.88+0.53
5 27524224  -0.15+0.14  0.20+0.31  27.52+2.23

20 29.36+2.48 -0.80+0.37  0.32+0.22  29.38+2.49

16 days 0 2755+0.92 -0.02+0.11  0.28+0.16 ~ 27.55+0.92
5 27.70+1.69  -0.09+0.12  0.03+0.25  27.71+1.68

20 29.78+1.87 -0.58+0.31  0.28+0.23  29.78+1.88

“ Mean = S.D. (n=20). ™ 5 % and 20 % of bee’s wax solution were used for
coating of Dasik. As a vehicle, soybean oil was used. Dasik samples were

stored at 37 TC.



Table 60. Surface color of black sesame Dasik coated with gellan gum

Color difference

Storage time Treatment

IL a b AE

0 day 0~ 27.19£0.95" -0.01£0.08  0.18+0.14  27.19+0.95
5 26.95+0.62  0.01+0.07  0.28+0.12  26.95+0.61

20 2711056  -0.01£0.08 0.20+0.13  27.12+0.56

05 days 0 28.07+0.83  -0.04+0.07  0.26+0.13  28.07+0.83
5 2864+1.01  -0.09+0.07  0.11+0.17  28.64+1.01

20 2757140  -0.05+0.11  0.12+0.26  27.57+1.40

16 days 0 27.81+0.78  0.01£0.10  0.25%0.19  27.81+0.78
5 27.99+151 -0.19+0.10  0.07x0.25  27.99+1.51

20 27.82+1.35 -0.14+0.09  0.04+0.28  27.82+1.35

105 % and 1.0 % of gellan gum solution were used for coating of Dasik. As
a control, distilled water was used instead of gellan gum solution. Dasik samples

were stored at 37 C.
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Table 61. Sensory characteristics of Yackwa

different frying o

il

without syrup-dipping fried

with

Gl 7 ST

Aol el A 3.08° 6.92 11.86°
9| 7

Aol ZMA = 3.17° 825" 11.79°

chut 2.92¢ 458 5.50°
gml AT g 3.79° 7.29 9.04°

= 6.88° 8.08" 9.17°

A% 13.42° 14.83° 12.54¢

e Hx 1.92° 1.25° 2.42°

47t
vpakel A e 9.88° 13.83" 11.21°
Bz 4.04° 3.58° 3.79°

Means in a row

with the same letter are not significantly different(p>0.05)



Table 62. Sensory characteristics of Yackwa with syrup—dipping fried with
different frying oil

eI AR o = SFEFH

Aol el A 10.38" 10.08" 13.54°
9l

Aol ZAMA 9.75° 11.25° 14.04°

chut 11.17° 12.29° 13.33°
Bl IS 11.29° 12.00° 13.21%

7187 uk 11.00° 12.88" 13.25°

A% 6.29° 817 9.96

e He 9.38° 11.92° 13.79°

Z A7+
wpatal A e 1.88° 354 6.54°
524 9.83¢ 12.42° 14.00°

Means in a row with the same letter are not significantly different(p>0.05)



A

Color uniformity

Adhesiveness 4 , Browning degree

Crispness

—@— Rice bran oil
——Soybean oil
—aA—Corn oil

B

Color uniformity

Adhesiveness Browning degree

Crispness Sweetness

Stickiness Savorof Yackwa

Hardness reasiness

—@— Rice bran oil
——Soybean oil
—A— Corn oil

Fig. 25. Sensory characteristics of Yackwa fried with various frying oil.

(A) Yackwa with syrup-dipping. (B) Yackwa without syrup-dipping.
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Table 63. Sensory characteristics of Yackwa prepared with different syrup for

dough preparation

0 week 4 weeks
1 1I III v I IT 1T v
CUNI ) . . . .
o] 7014 933" 467" 1167 600 6780 622 611 7.89"
=1 =2 0
CBRO a b c d b b cd c
A 13.22° 9.22° 444 222 10.67° 956 3.33 4.44
=170 =
FSWE b c a ab b c a b
=Ry 8.89° 6.22° 12.11° 10.56 9.00 6.00 11.56" 878
X
FSAV c b ab ab C (¢ a C
s 7117 944° 11.22" 10.78 5.33 5.89 11.78%  6.56
ALAT RE ‘3\
FOIL a cd d bc a ab e cd
NEAAE 12.22° 822 7337 9.78 13.78" 11.67" 4.78 8.56
= e =
THAR b a b b a a b b
e 6.337 10.11" 589° 522 9.89 10.33%  4.78 6.33
5 O
TSTI ab ab cd bc a a d abc
P 856" 9227 567 6.89 10.00° 10.33" 3.89° 811
o e =
TADH ab ab bc ab a a c abc
Y s 8117 744" 556™ 767 9.44 9.22° 400" 6.44
AR

I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %. Means in a

row with the same letter are not significantly different(p>0.05)



Table 64. Sensory characteristics of Yackwa with different dipping syrup

0 week 4 weeks

I I I v I I il v

CUNI

456°  10.11°  511°  1456° 2200 822 7449 12.89°
EDEDRE

CBRO

aagE

3565 11.44* 10.22®  3.89° 1278 833" 1011 822"

2000 744> 1256° 1167 656  4.44° 678 611"

444> 878 967  933° 456" 433" 633" 500

9.00 956" 12.89" 1100  9.33* 867 644  4.00°

889" 867" 278  3.00° 656° 811" 633" 833"

TSTI

1111
L

14.89° 1156 2119  6.11° 1067>  800° 333  6.00°

ok

A

I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %. Means in a

row with the same letter are not significantly different(p>0.05)



Table 65. Sensory characteristics of gums-treated Yackwa

Sample Name

Characteristics (Storei{gei

WeeKS) Control G-G-1  G-G-2 G-X-1 G-X-2

CBRO 0 A7 50P A6.63° 410.13° A5 86" A5 63°
A= 4 Ag3g®  Agos’  Alp7st 400 B3goe
CUNI 0 A5.00% A7.00° 410.38° B3 861 B6.50™
Aot B3agh  Bgoo®  A063r  AM075¢ A144°
FSWE 0 M2.25  A1250" A12.88° 210.86" A13.13°
oot 4 210000 21088 B1138* 21213 P1056°
FSAV 0 410.13"  A1.00° 412250 41114 12130
LA 4 Ag 0 Bg 637 Bogar  A1050° 41067
FOIL 0 A11.88* 13250 A12507 M1.86* A13.13°
71 4 Agosb  Al2g3t A1250° A2925° B1o.89™
THAR 0 A9, 75 4913 A7 25 46.00° A7 507
ded g 4 A1038° %6130 5780 Y663 ARss®
TSTI 0 46,387 A5 88° AR 50™ A6.86™ A9 507
T 4 4 Byyze  Asag™  A7ger g5t Bgg®
TADH 0 A7 05° 410.88° Ag 38 A771be A10.50°
-2 4 46.63" Ag.38" 46.75° Ag 88" B6.67

G-G-1: 0.05 % gellan gum, G-G-2: 0.1 % gellan gum, G-X-1: 0.1 % xanthan
gum, G-X-2 : 05 % xanthan gum. Means with the same capital letter are not
significantly different between storage time(p>0.05). Means in a row with the

same letter are not significantly different(p>0.05)



25 CAA 45 AFstEA T4 EA WslE A Y Control, G-G-1(0.05 %
gelan gum), G-G-2(0.1 % gellan gum), G-X-1(0.1 % xanthan gum), G-X-2(0.5

% xanthan gum)®] 574 ARE 154 HES ol g3te] sz, gu), 227 54
2 Aot Panel® §olvjsta tietga 57o] 4W WEsle] st on
o Ao ZAAES) Ao FAPOoR o] Huw g, Fule FS v, uisd
o, 7187 Wow Uirel Adugth mpAuno R 2Age wud Aw, 2L 4
%, #24e B4o2 thro] 43 ugrhTable 65)

Qe 54 F b WA Mo ALl Aol AV fFoAE
B Algae GX-2 Alga #oa, v& AsdolAe FoAE HolA &%
2 AmTE A 47 A 3899 #oE Al AlmET folF o
AR Ty A B A A 7IEE A BT Al FoAE ARy AlA
FAME G-G2 AEwTo] 10139 o= Control Al&Ew*9] 750H 1t 24
= o Mo ZaRETL 24 F7bE A, e AlswS Control Al&atd foak&
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S 747 10759 11449] gro = Al Almxt A% 454 AJs7F Ao ddA
o] TA HIIHEAY AF 7IZERE AET Alole] fFeolxE AHEw A 0FolA
= G-G-2 Al&Tol 10389 #to & Control Al&THTE Aol FAAgo] HAGA =
A F7tE R o™, G-G-1 AT %E 7009 ko= Control AlswEtt Aol A
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o FoJatE AvE™ A Almet 454 AR 25 Control A& d FoAE 1B
oA &= Ao HIHE AT
Fgujo] F WA 54 naF o] Aol G-G-1 AT H G-G-2 A
o] ARz freAE Heded, 7 ART BT 454 Alarh 474 863%
9639 oz A AzRT 1 A BT A% 7R AR
Abole] FojatE Awurw M Alme B¢ G-G2 Amao] 12259 gow
Control A&t 143 gho] Foldor 7 A7, A% 4F:400= A=
T Abol o] frelAtE HolA] ekt
Foe] vpA e 5491 715 e AW EW, G-X-2 AlEarte] ARt
SJAE BOLAL, U ARTE foAE HolA ok, X2 AETE A
& 4FA 10899 row AMAERT felHem |E3 mto] wAl b dth
z ARy A AR Fg AlET Al
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o] A7) fFoats BT, 47 413% 6789 o= AlM AlRHth A%
474 LS b fFoH o v FrbEAT A% 7IPEE AlST Aol 9]
A5 AHHEY AMAA R 49 Control AlET T FoAE Hole Algd2 gl
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Control A& Rl *2g0] AASA %7 B7H0l Fo48 wlch A% 457
o= ARE Aole] felAE wolA st

ofato] A7 o] Z+7} 64 cm, 4.3 cm, 2.6cm WE7F HEE ks AVER
large size 2F¥}, medium size ¢F¥}, small size 2F#Fe] 3714 Al8E 15

A HEE ol&stol o, v, 23] SAS A ESY. PanelS &ltHeul
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2
BN
o
ot

Aol #AdABE Addtie BE SAAA Al AET 25 YA Y
=d, 7Fg WA #e B F Ao U Aol small size 927 14.009]
Yo 2 AlRE T Mo FdAdel FoHow MY & Ao=m HUMEAY Large
size ¢F79} medium size ¢F¥i= ZF7F 7.13% 7.069 <FiF oFste] FHo=m F AlEZH
e A& HEtl A gt

Qe EA F Ao AMAE gl 37HA] AlRdA EF fFoAE
el E=d, small size F#H7} 12139 #Hoz ARE T Mo ZAAL
2 7P =2 Zew FrtEAT o9k FoAE YEhd AEE medium size °F%
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Table 66. Sensory characteristics of Yackwa with different size

Treatment
Characteristics

Small Medium Large
Ae] A 14.00° 7.06° 7.13°

9l
Aol M 12.13° 9.94° 6.81¢
chuk 8.19" 481° 10.50°
akn sk wr 8.06 4.94° 10.31°
7NE7 B 14.81° 12.88" 10.88°
ekt A e 6.25° 14.81° 0.81°
ZA7 2o AR 7.81° 481° 10.94
B2 8.00° 481° 12.00°

Means in a row with the same letter are not significantly different(p>0.05)
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Table 67. Sensory characteristics of pine pollen Dasik

Storage time

0 month 2 months
WA £33 afo 6.27" 4.00°
Aol gre A 2.60° 7.27°
9l ¥
olFo] Mol = Fx 6.80° 1.60°
%3} o o 7.93° 5.87°
2k 3.60 7.93°
Bl cuk 7.20° 2.80"
GrtEe A% 4.33 6.53"
%) 3.93" 8.20°
Gae e 1.87° 4.07%
zA 7+
ARE AT 2.13" 4.40°

Dasik samples were stored at room temperature. Means in a row with the same

letter are not significantly different(p>0.05)



Table 68. Sensory characteristics of black sesame Dasik

Storage time

B54 54
0 month 2 months
WAy a8 & 6.33 7.93°
¥ e whgol:= AE 7.93° 433
S 787 447°
k)
chut 6.67 3.80°
gos gn 513" 8.00°
Z 27+
7Z7E A 6.20° 7.73°

Dasik samples were stored at room temperature. Means in a row with the same

letter are not significantly different(p>0.05)



A Original aroma
10

Coarse Brightness

Hardness Gloss

A fter taste Original flavor

Chalky

Sweet flavor

Bitter flavor

—e— 0 month

—m— 2 months

B Savory aroma
10

Coarse Gloss

hardness Savory flavor

Sweet flavor
—e— 0 month

—m— 2 months

Fig. 26. Sensory characteristics of fresh and stored Dasik. (A) Pine pollen Dasik,
(B) Black sesame Dasik. Dasik samples were stored at room temperature for 2

months.
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Table 69. Sensory characteristics of pine pollen Dasik with different syrup for

dough preparation

Treatment
254 54
I Il 11 IV \%

9l Aol gre Hu 517 4.83° 433° 5.50° 6.67°
%3l afo o 417° 6.00° 5.50° 5.67° 5.50%
chak 2.50° 4.83 7.33 5.33 6.00%

&k
SR g A 7.83° 6.00% 467° 5.33% 5.67%
&n 7.33° 6.83° 567 6.33° 6.50°
ges gn 6.67% 8.00° 3.50¢ 517 450°

z 27+
i I 5.83% 8.00° 2.83° 4.00" 550

I' syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %, V: syrup

with D.E. of 38 ~ 58. Means in a row with the same letter are not significantly

different(p>0.05).



Table 70. Sensory characteristics of black sesame Dasik with different syrup for

dough preparation

MO frmmen g £7] maww W AN gn Ages
0 week I B570™ 150 “P2e0° P20 4590 P710" P6.A40°
II 7500 B440° 27000 “6.30°  P330°  Preot AP7a07
111 ABERO™  A7.30° 670" A7.80°  P330°  ©3.40°  “P3.80°
v Pe5200 "6.60"  A570°  AP7407 3600 P210°  PF2.90°
4 weeks 1 P340"  ©1.80°  P200°  P150°  “690° 890"  “8.00

il B 20" Bae0® 45707 B660* 45707 93400 “4.20°

11 P390™  A750*  Ba20  AP730* 630" P140¢ F2.10°

v P390  A720*  BC380° 570" 690" P1.20°  F2.20°

I: syrup with D.E. of 20 ~ 25, II: syrup with D.E. of 40 ~ 45, III: syrup with
DE. of 60 ~ 65, IV: syrup of oligosaccharide content above 50 %, V: syrup
with D.E. of 38 ~ 58. Means in a column of same storage time with the same
letter are not significantly different (p>0.05). Means in a entire column with a

capital letter are not significantly different (p>0.05).



Table 71. Sensory characteristics of black sesame Dasik with different particle

size
Treatment
%54 B4
Control 20 mesh ~ 20 ~ 30 mesh 30 ~ 40 mesh

puR a3 3 3.10° 6.90° 6.80° 5.60
97 ¥ wikol= A 8.00° 4.60° 5.10° 470
a3k uh 4.90° 6.50°" 6.80° 5.00%
gk chut 5.10% 5.70% 450 6.20°
Ak 3fj n) 5.60° 3.70° 4.60™ 4.90%
dds gn 3.10° 4.80° 7.30° 6.90°

Z A7+
AR A E 4.30° 6.10° 7.20° 6.60°

Means in a row with the same letter are not significantly different(p>0.05).
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