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Quality Characteristics of Sulgidduk Supplemented with Citrus Peel Powder
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Abstract

Citrus peel powder was used to substitute 2%, 4% and 6% rice flour for making sulgidduk. Proximate composi-
tion, sensory characteristics, and principle components of sulgidduk containing citrus peel were analyzed and
compared with those of sulgidduk. Protein, fat, carbohydrate, ash, color b-value (yellowness index), springiness,
and adhesiveness of sulgidduk all significantly increased, whereas color L- and a-values, hardness, cohesive—
ness, and chewiness of sulgidduk decreased with the addition of citrus peel powder. No significant differences
were observed regarding the contents of moisture and carbohydrates, or fracturability in any of the samples.
Substitution of rice flour with citrus peel powder showed acceptable sourness and bitterness sensory scores,
which were comparable to sulgidduk. Principle components analysis revealed total variation of 94% in the main
structured information: PC1 and PC2 showed 79.31% and 14.69% variation. CP-B (citrus peel powder 4%) and
CP-C (citrus peel powder 6%) associated the strongest with PC1 and sulgidduk without citrus peel powder asso-
ciated with PC2. Attributes associated strongly with PC1 were color, bitterness, adhesiveness, and sourness.
Therefore, sulgidduk containing CP-B can be developed based on its favorable quality characteristics and sen—

sory evaluation.
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oA F25 FET T Holde FELS FA(fla-
vedo, albedo), & 3 (juice, sac, residue), @ Z(membranes,
cores) 123 Asto g FAF Ut} E FAHELS Aa
A & (oleic, linoleic, linolenic, palmitic, stearic acids, glyc-
erol), phytosterol, B (glucose, fructose, sucrose), 4t
(citric, malic, tartaric, benzoic, oxalic, succinic), -84 2]
o] A fr(cellulose, pectin), & 4 (pectinesterase, phosphatase,
peroxidase), & 2}}% =] = (hesperidin, naringin), 228 4%
(limonin, isolimonin), 2 <43 (d-limonene), 3&A A&

(alcohols, aldehydes, ketones, esters, hydrocarbons, acids),
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A 4= (carotenes, xanthophylls), BIE}¥] (ascorbic acid, vita-
min B complex, carotenoids) 183 5 7] (primarily
calcium and potassium) 5= 33 AThH11). 53], &=
AAL AR gAY of=2E 8 naringenin¥}
hesperedin 59 et =o]l=2 EATH(12). 29 E&
Hrolee gy FY2HE, LDL 281 T4AZF 59
FE AT, A AW IAENA AE 4 L
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o] ATH(13,14). TS Afretr e o3& WA =+ macro-
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g Ad7m ] vl eS dAsta a0 F4 S4e S4sa
# kit

e o
N
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< gAE(F) AFS, ARS (FICJALAT Y HE"
S ARSI T BEF e 2007 AFA 23D (Citrus
unshiu MO 2 AFERAANE NAZA GG TF
ol 22 A AHE & HAIrt &4 HA A F5E
£}, B9 Z 60°CollA] 24 hr % AZ(WISE VEN™
Dry Oven, DAIHAN Scientific Co., Seoul, Korea)3d}] &4
71 (FM-909T, Hanil Co., Seoul, Korea) 2 4} 3}32 60 mesh
(Sie200-060, Taemin Science, Suwon, Korea) A Z W&
AFE-3F T

A7 H =

4719 Age vjEHl &L Table 13 221 Ryu 5(21),
Cho(22) 3 Han 5(23)9] WS FAste] 47|HS A=}
Atk duIAE S T3 FEAE HUlEA &S AVEEs
gzroz, g g AadoEY 2%, 4%, 6%=Z 718t
o AzF 4719e CP-A, CP-B, CP-C AFEo2 Alea

Table 1. Formula for sulgidduk added to different citrus peel
powder

Contents of sulgidduk”

Ingredient(g) Control CP-A CP-B_ CP-C
Non-glutinous rice flour 100 98 96 94
Citrus peel powder 0 2 4 6
Salt 1 1 1 1
Sugar 10 10 10 10
Water 12 12 12 12

1)Control, sulgidduk without citrus peel powder; CP-A, CP-B
and CP-C denote sulgidduk base with 2%, 4% and 6% of cit-
rus peel powder level among ingredient of rice flour, re-
spectively

Washing rice (5 times)

!

Soaking rice for 4 hr

l

Draining for 30 min
|« salt
Milling rice (2 times)

\
Sieving (28 mesh)
|« citrus peel powder, water, sugar
Mixing
!

Sieving (28 mesh)

!

Steaming cooking for 30 min at 110°C

|

Cooling for 30 min at room temperature

Fig. 1. Manufacturing procedure of sulgidduk.
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Table 2. Operating conditions of texture analyzer for meas—
uring the texture of sulgidduk with citrus peel powder

Conditions
3x3%X2 ecm
% 20 (20 mm diameter,
stainless steel cylinder)
120 mm/min

Parameters

Sample size
Probe

Table speed

Distance 60%
Time 5 sec
Load cell 10 kg

ness, b) &5 FASAT. ol AL8E BEA Ao E W
(Y=94.89, x=0.3129, y=0.3196)= A&-3tth 2t A& = 53]

718 o] B4 =4S 93} Rheometer(compac-10011,
Sun Scientific Co. Ltd., Tokyo, Japan)Z AF&-3fa] 3x3x2
cm Z7|E2 A2 A5 E 23] 95 A3 (two-bite com-
pression test)©. 2 stainless steel cylinder probe(2.0 cm)E
0] 83l 60 mm/min®] £E=2 Z3HH(Table 2). TPA
(Texture Profile Analysis) 418 E3to] z+ A|59] AnA
B 24 (adhesiveness),
&2 A (springiness), A4 (gumminess) 2 434 (chewi-
ness)S 717} 53] k& SA 3T

(hardness), 5% 4J(cohesiveness),
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Table 3. Definition of the descriptive attributes and standard references

Attributes Definition

Standard references

Appearance  Color
associated to the citrus

Intensity of the yellow color

White (W)
Yellow (S)?

Fundamental taste sensation of

Sucrose, 10% solution in water

Sweet which sucrose is typical
Sour Fundamental taste sensation of Citric acid, 0.05% solution in water
Flavour . o o .
which citric acid is typical
Bitter Fundamental taste sensation of Caffeine, 0.05% solution in water
which caffeine is typical
Hardness Necessary strength to distort a Plain muffin (Paris Baguette, Paris Croissant Co. Ltd.,
slice in the mouth Gyeonggi, Korea) (W)
Peanut (S)
Adhesiveness Degree to which sample sticks to Biscuit (“ACE Cracker”, Haitai Confectionary & Foods
teeth Co. Ltd., Seoul, Korea) (W)
Caramel (“Peanut Caramel, Crown Confectionary Co.
Ltd., Seoul, Korea) (S)
T Fracturability Capacity of a sample to break up Biscuit (“Wafers”, Haitai Confectionary & Foods Co.
exture into numerous pieces from the Ltd.) (W)
beginning of mastication Bagel (Paris Baguette, Paris Croissant Co. Ltd.) (S)
Moistness Amount of moisture during Biscuit (“ACE Cracker”, Haitai Confectionary & Foods
mastication Co. Ltd.) (W)
Citrus (S)
Chewiness The force to chew through the Tofu (“Pulmuone Youndubu”, Pulmuone Co. Ltd., Seoul,
sample with the molars Korea) (W)

Dried squid (S)

Dw: weak. ?S: strong.
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Table 4. Proximate composition of sulgidduk containing varied levels of citrus peel powder (%, w/w)
Sample Moisture Protein Fat Carbhohydrate Ash
Control 43.45+1.52 2.99+0.08" 4.37+£0.21" 48.77+1.94 0.42+0.02°
CP-A 41.19+1.13 3.06+£0.11" 3.94+0.09° 50.67+2.11 0.41+0.01*
CP-B 41.75+0.42 3.23+0.12° 4.05£0.49% 50.43+0.84 0.45+0.03™
Cp-C 42.13+0.98 3.57+0.09° 4.86+0.39" 4857+1.63 0.4840.02
x? 4.436 8.744" 7.923" 3.718 7.718"

All values are mean+SD (n=5).

T“Values with different superscripts in a column are significantly different (p<0.05).

p<0.05, “p<0.01.
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Table 5. Color characteristics of sulgidduk containing varied
levels of citrus peel powder

Sample L-value a-value b-value
Control 84.41+1.51% 3.53£0.09° 0.95+0.22°
CP-A 81.41+0.69" 2.79+0.06° 19.07+£0.48"
CP-B 78.91+0.44°¢ 2.87+0.20 24.89+0.73¢
CP-C 78.25+0.66° 2.52+0.15° 29.42+0.53
x? 13.059™ 12.774™ 14.118

L: degree of lightness (white +100 <> 0 black), a: degree of red-

ness (red +60 <> -70 green), b: degree of yellowness (yellow

+60 <> =70 blue).

All values are mean+SD (n=5).

“Values with different superscripts in a column are sig—
nificantly different (p<0.05).

p<0.01
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Table 6. Mechanical characteristics of sulgidduk with different levels of citrus peel powder

Sample  Hardness (g/cm?  Springiness (%) Cohesiveness (%) Chewiness (g)  Fracturability (g)  Adhesivenss (g)

Control 479.64+23.79 62.04+2.54 60.91+2.67" 338.70+2655"  21043.96+2172.93  -51.43+18.64°
CP-A 425.30+30.94" 61.81+1.93 55.44+2.43" 284.21£20.85"  17831.57+1682.51 -21.43+£6.90
CP-B 465.43+27.06 68.20+1.77" 59.16+2.83* 321.67+2287*  20356.34+2103.36  -1857+10.69"
CpP-C 445.99+41.25" 72.4341.70° 56.06 +3.59" 27493+2191"  19887.50+1265.46  -12.86+9.51"
X2 8.788" 22471 10.959" 16.284" 6.876 14.259™

All values are mean+SD (n=5).
““Values with different superscripts in a column are significantly different (p<0.05).
“p<0.05, "p<0.01.

Table 7. Sensory characteristics of sulgidduk with different levels of citrus peel powder

Samples Color Sweetness Sourness  Bitterness Hardness Adhesiveness Brittleness  Juiciness Chewiness

Control ~ 0.72+£0.47* 848+1.08" 0.35+0.25° 0.24+0.16" 546+0.89" 547+0.72* 506+1.23 7.82+0.70° 852+0.71°
CP-A  6.13+139" 642+1.05> 1234038 0.65+028" 526+1.18" 559+1.11" 529+084 6.96+093" 6.89+0.97
CP-B  9.07£115° 6.07+£1.20™ 146+047" 063+041" 534+097" 659+1.36" 503+1.08 598+1.13° 6.04+0.94°
CP-C  1237£1.10% 541+1.29° 156+062° 0.86+050° 6.25+0.76° 6.63+£1.45" 553+1.10 524+1.25% 653+1.10™
F value 500.967" 31.409™ 35.695" 12.554" 13.747" 6.750" 1.333 29.294" 31.272"
As the value increases from 1 to 15, the intensity of sensory characteristics increases.

All values are mean+SD (n=24).

""dValues_ with different superscripts in a column are significantly different (p<0.05).
“p<0.05, "p<0.01.
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Fig. 2. Principal component analysis (PCA) loading for (a) sensory attributes and (b) the four sulgidduk samples.
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