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Quality Characteristics of Muffins Added with Suaeda japonica Powder

Jin A Yoon
Professor, Dept. of Food and Nutrition, KC University, Seoul 07661, Republic of Korea

ABSTRACT

This study investigated the quality characteristics of muffins added with Suaeda japonica (Sj) leaf powder. Sj is a halophyte
that grows on the foreshore. Muffins were prepared by adding 0, 5, 10, 20 and 40% of the Sj powder to the flour. When
measuring weight, loss rate and dough yield, there was no difference between the samples. When the amount of Sj powder
increased, the height, volume and moisture decreased significantly. The lightness (L) and yellowness (b) of muffins decreased
with increased amounts of the powder. The redness (a) was the lowest in control. It was significantly increased with the
increase in the amount of powder. Among the texture characteristics of Sj muffins, hardness, gumminess and chewiness
increased significantly as the amount of Sj powder increased. Sensory evaluation showed that muffins with 10% Sj powder
had the highest preference for texture, taste and overall acceptance, except for appearance. In conclusion, muffins with the
addition of 5% and 10% Sj powder were products of higher quality and preference.
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Korea), ¥-d ®}(Beksul, Seoul, Korea), 4~3(Hanjin, Gyeonggi-
do, Korea), WE|(Galimfood, Incheon, Korea), -$HSeoul
milk, Korean), ®]°]7]3}-9-tJ(Galimfood, Incheon, Korea)t
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Table 1. Formula for the muffins made with Suaeda
japonica powder

Suaeda japonica powder content (%)

Ingredients (g) ]
oY 5 10 20 40

Wheat flour 200 190 180 160 120

Suaeda japonica powder 0 10 20 40 80

Sugar 130 130 130 130 130
Butter 100 100 100 100 100
Egg 100 100 100 100 100
Milk 100 100 100 100 100
Baking powder 4 4 4 4 4

Salt 1 1 1 1 1

D 0: flour without Suaeda japonica powder, 5: flour with 5%
Suaeda japonica powder, 10: flour with 10% Suaeda japonica
powder, 20: flour with 20% Suaeda japonica powder, 40: flour
with 40% Suaeda japonica powder.
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. Fo] FEo|A vernier caliper(150 x 0.05 mm, Eagle
Vernier Caliper, Beijing, China)E A}-8-3le] S43lsix, ¥
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Specific gravity = Weight of muffin dough / Weight of water

Baking loss rate (%) = ((Weight of muffin dough—Weight
of muffin) / Weight of muffin dough) x 100

Dough yield (%) = (Weight of muffin/Weight of muffin
dough) x 100

TFETFE AOACH S ©]-8-3t4 dry oven (KCO0-150, Kuk
Je Eng, Gyeonggi-do, Korea) 105Col|A &&o] HES =%
sttt W= Ao pHE 2H7te] ks M 5 o2 S
T 50 mLol] ¥31 4o] AEAIZ] & FHE AE dAE pH
meter (pH7110, InoLab, Mexico City, Mexico)E ©]-&3}o 3
3] W skt

5.

A ME= MAA(CR-400, Konica Minolta, Osaka,
Japan)E ©]-&-5}°] Hunter scaleol] €3+ =21 Lak(lightness),
M= 0] aZk(redness), =21 bik(yellowness)S =7 3}
o} FFAL WAlo] calibration plate® L#k 87.5, agk 0.31,
b#k 0325 AHESIAAL, LEk, adh, bake mde] @S 33]
A Rk S5kl

U=yl ¥l 9= G=A(DMT 20N, Daeyoon scale
industry Co., Ltd, Seoul, Korea)E ©]-83}o] Z}2ke] A& 5 ¢
= ST 50 mLol] ¥ 40] AFAR £ EE AL AA
£ 33] whaste] SAsiaith #He] G FEA(Pocket
Refractometer PAL-1, ATAGO Co., Ltd., Tokyo, Japan)Z ©]
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x 2 x 2 cm’® 2} texture analyzer(TAXTplus/50 stablemi-
crosystems, Godalming, UK)E ©]-8-3}%t}. 74 = (hardness),
-2+ (adhesiveness), £ Ad(springiness), -8-%1/J(cohesive-
ness), 73/d(gumminess), % €l/d(chewiness), & (resilience)
= Z7te] A dE 33 W S ste] HaeRTHAR
el AT} 24 o] A2 probe 7L 7.5 cme] 9E3HS
AH8-3F9 3L, test speed= 1.0 mm/sec, pre test speed= 2.0
mmy/sec, post test speed= 2.0 mm/sec, distancex= 5.0 mm=

sel 24 3hslct

7. 7|15 E AL

w3 V|3 % Aiks 3L ST H7PpH S A%
A1FGFet A 102 FEA oS o E 57HA] 1
L 7R x A2 x 0] 472 x 2 x 2 em’ AV|E A}
B ZAlol] ol AlFstdtt. ¢ Al5e] T A B
ES A 4 AFEF sk 7 A Hrkes
< 9] FH(appearance), FH(flavor), FHtaste), 2] Z(texture), A
HEA 9] 7] & % (overall acceptance)?] 7R 2 77 W o] 74
A= v @5(13), HE@4d), Ml (7)< = 3
7]'3}9113](Kim SY 2020; Yoon JA 5 2020).

8. E4| Hz|

EA4212]& SPSS 18.0 (IBM SPSS Statistics, Chicago, IL,
USA)Z o] &3lo] EAMEA(ANOVAE S A3t t=
HoAld W (Duncan’s multiple range test) &2 Fo|FF
p<0.05°l|A A@FZre] {FolAl 2ol S Th

AnE 222 Ariet oEe| 74, =o|, 7o %

AW TES A7k v FA, =olo 39 54 2
= Table 29} 2om, o]#& Fig. 13} 2o}l FAE 2T
o AWz BS 510, 20 2 40% FH7bolM ZH
64.82+0.52, 64.85£64.39, 65.09+0.64, 65.41+0.06, 65.23+0.52
go 2 F2o|ZFQl Aol7} gldth ol HEIHy TS 0%,
5%, 10%, 15% 2713t A3 A7(Oh SW & Chung KH 2014)
o} W™ ILEE 0%, 10%, 30%, 50% 713+ WA (Bae JH &
Jung IC 2013)<] A9} H]5=g 8kS BETh

A Ho]ZH S 2T 526+0.09 cme} H] Wk -2 w)
A7 10%2F 20%01 4] 5.2740.08 cm®} 5.13+0.08 cm® -
oA zlol7} glon), AWz Bk 59, Myl A 557+
0.16 cmZ FoA o2 =gkon 40% A7} tellA] 4.77£0.20
cmz fFo|H o7 YIth(p<0.05). HHAe] HyEs AWz B



314 2710}

) S e ST 7

Table 2. Weight, height and volume of muffins made with Suaeda japonica powder

Suaeda japonica powder content (%)

Property
0 5 10 20 40
Weight (g) 64.82+0.521%) 64.85+0.46" 65.09+0.64° 65.4140.60° 65.23+0.52°
Height (cm) 5.26+0.09° 5.57+0.16" 5.27+0.08" 5.13+0.08° 4.77+0.20°
Volume (mL) 122.25+4.03° 139.00+4.24° 129.00+3.38" 120.50+3.32° 110.00:4.08"

D Each value is mean+S.D.

? Value with different letters in a row were significantly different at p<0.05 by Duncan’s multiple range test.

0% 5%

10% 20% 40%

Fig. 1. Appearance of muffin prepared with Suaeda japonica powder.
0%: Control (flour without Suaeda japonica powder), 5%: Flour with 5% Suaeda japonica powder, 10%: Flour with 10% Suaeda japonica
powder, 20%: Flour with 20% Suaeda japonica powder, 40%: Flour with 40% Suaeda japonica powder.

w59 H7Fol A 139.0044.24 mLE FelH oz 714 A
2R, 10% H7H- 129.00+3.38 mL, THET- 122.25+
4.03 mL, 20% 7} 120.50+3.32 mL} 40% 7} 110.00
+4.08 mL 28 Z3EAHp<0.05). ol AWz BoS
5% H7FhS o RFET O @o] FFo] &3t A=
ojnjgit}, WL gliadin®] U glutenin 52 ©HE 3o
7ol kS wlol Rzo] o 2x|ut WA ZFFH ek
O

£ o

[} R =
2 JeS 9x] ZEtHKim BR 5 2000; Bae JH & Jung IH
2013). wpehr] D7 dial SFEo] gl AWEE 5% M7t
g A7 DOMEE 100% H7ke g2 R o Bol
o] 25 5 S Ao FAdyy, FARE dote &
= 7K HAAME 2S5 g, ERTFREY S5s
6% 7kt mAe F37t Adgion, T Hrbge]
7vsbd 237} 7F4FtHChoi HS & Nam HY 2018). 7}l
L A7 wAlANE 15% o] ArHeE FaE
I(Kim SY 2020), =2y 2% M7} HANME FARG
A= BHYThOh SW & Chung KH 2014).

20, 40%= FA 7} v o] v|E=e z+z} 0.71, 0.70, 0.71, 0.73,
0.74 mL/go.2 thZ7-9 Az B8 Hrp+ 7te) v|5e &
o]Z 9l Ajo]E Holn, AWZ B ko] Wol A= v
& S7FIATH(p<0.05). HlTo] wow el YlEotae
aste] Fu7F 2057 Hol 22 7182 2 Ho] 37
o] vhmkA| a1, W& H]Fo] koW 7| o] Frtele]
F3)7F golut wae] H3lgdo] FokxltkBae JH & Jung IC
2013; Joung KY & 2017). AW Z E2e] Hriego] gold
FE 0T fojH oz I e, ol nl4(Jang KH
5 2012), 3nks E2(Yang SM 5 2010), EFH|g] 2
(Hwang SH & Ko SH 2010)S %718t Moz 52l 3
7hEFo] 7V E vlFo] wokd e, ol et Axte Ert
Fo| FHFET A5 FHo| F7] Wi AR Atndrh
7] £AES HET7} 7.49+0.79%S ER L, AW
A7 7.36+0.65~6.82+0.74%2] WIS Yepy 2
B Hrbe] 1SR ta WolAle AEE B
o] FQl Atol= GUATE &% 2T} 92.51+0.79%,
H7FTE 92.64+0.65~93.18+0.74% S LFERH O
2ol = AT ol gt Feo Al Atel7t gl
T A7 AR nRE YT F
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Table 3. Specific gravity, baking loss rate, dough yield, moisture and pH of muffins made with Suaeda japonica powder

Suaeda japonica powder content (%)

Property
0 5 10 20 40

Specific gravity (mL/g) 0.710.01"4 0.70:£0.00¢ 0.71+0.00° 0.73+0.00° 0.74+0.00°
Loss rate (%) 7.49+0.79° 7.36+0.65° 7.0240.91° 6.55+0.85° 6.82:£0.74°
Dough yield (%) 92.51+0.79" 92.64+0.65° 92.98+0.91° 93.45+0.85" 93.18+0.74°
Moisture (baking, %) 24.17+0.39° 24.99+0.42° 24.59+0.54% 22.930.66° 22.17+0.20¢
pH (dough) 5.73+0.05 5.58+0.06" 5.5140.01° 5.45+0.01° 5.23+0.02¢

pH (muffin) 6.31+0.06 5.97+0.06° 5.82+0.03¢ 5.78+0.02% 5.72+0.02¢

Y Each value is mean=S.D.

2 Value with different letters in a row were significantly different at p<0.05 by Duncan’s multiple range test.

el F4 SAAME FARE 235 B THChoi HS &
Nam HY 2018). W#o] F¢X]= oA FFo] Eel <
&l 71skebaA wAUrbA FAIS] s 7 2 17
A& ol thOh SW & Chung KH 2014). 22{v} 2#
A7kl W FA9] FolAQl Apol7t Ile B R 7]
7 FEE A< Aol7t gAY Ao ke
B EQ] T2 FEolA Ao el 73.02%}
gheFo] 25.60%= Eal, WhEe] HE T gL HUt
7} FrelAQl Aol g HolA] @2 AT vl B ou e}
frAket AW 2 E ghrslEd 3 o] =& fAkeE 54
o] 97l WiEe g AAEHH(Bae JY 5 2008; Lee KS &
2012).

w379 5% F7VF77F 24.99+0.42% 2 71 =
kA, 10% H7H 24.59+0.54%, T 24.17£0.39%, 20%
A7FE 22.93£0.66%, 40% F7FTF 22.17£0.20% LA 2 42
A o7 ol thp<0.05). TET S Almo; k] 313}
del ot Ao g Alg7t & YAE Bol F-E8TE EoiA
=tl(Jeong EJ 5 2013), PI7E X718k vjHoA]= AR 3
Foll e FEFEY] FolAQ Aozt gl e (Jang KH
S 2012), ARravt SR FEOR THE vH Ao £
TFE pomZbE, AR, AvZbE, Bt sog2 W
ol tHKim HA & Lee KH 2011). &, 52 A 59
Fate] Aol whel 2ol & YERE Aoz Holed),
5%} 10% H7Feld e FEake] 2sdo] 5=

H7heko] 71 o ol At ThAl UmiA

1=
Rl

2B 5 [e)
SRS

b o py o

fex]
AR
o] pHE tZT7} 5.73£0.059} 6.31+0.06° 2
o] Hrlige] S71EFE vy o
8~5.233} 5.97~5722 ol folz el
05). ©] 3t &2 F(Choi HS & Nam

Hx
5.5

THp<0.

HY 2018), "|7Z(Jang KH 5 2012), 3]8] 27 2~ £2Kim SJ
& Kim H 2019), obrtelw2] % (Park JB 5 2021), v}
53% B9 (Yang SM % 2010), d&Z228}~ 22 (Lee W

2015)2 A7 WA= FAalgE 23S el v
Al pHE M7k Al=9] pHoll Gk Wt 2w
it pH 5.710] G- wol Hrigko] 78S pH

L#k(light-
b#k(yellowness) T3l 4] 82.22+0.85
9} 34.69+0.86 0= 71 = Ve om, AW ] A
7hFo] TV E Golxle AeS Btk HMEQ] agk
(redness) & HZET-9} 5% H7FFolA] 22940217 —2.42+
0.022 71 v gk Yehdla, Az ko] 3Hyleol
7}EE o)A o7 27189 th(p<0.05). AW Z HArl 3
o] AxpAo] YehwA Adwrt S7igk Ao s ad
=w, Latd) bat A Azl o] T8 AxpAe] Jgks wb
2 Zo= g o] A APAF EFE
7} WA (Hwang SH & Ko SH 2010), o}Alelulz] <
F Uels H7F HAPark 1B 5 2021), dEagkx
A7F MA(Lee IW 5 2015)cA 9} vl =3t kS B
Hzo] o] F718FE
S Jehd 10u] A3 vk vl diZ2+ = 0.02+
013} 0.0320.01°]R oW, 40% F 7oA w3} w39
= 0.4240.013}F 0.49+0.03% 2 AW % Bt Hrjeko]
Foll me}t o] 8 oz F7Fal th(p<0.05). o3t Az}
7t QA ER vigzte] A A2 s A <
7] Wjo 2 Azt fAkeE GAAES] 3
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Table 4. Color values, salt content and sugar content of muffin prepared with different level of Suaeda japonica powder

Suaeda japonica powder content (%)

Property
0 10 20 40

L (lightness) 82.22+0.85 67.13+0.72° 60.00:£0.53" 53.25+0.62 42.57+0.68°
Inside a (redness) —2.29+0.21¢ —2.42+0.02¢ —1.7240.03° —0.96+0.05" —0.41+0.05°
b (yellowness) 34.69+0.86" 23.67+0.24° 22.23+0.13° 20.23+0.10¢ 17.75+0.17°
Dough 0.02:+0.01¢ 0.03£0.01¢ 0.10£0.01¢ 0.31+0.01° 0.42+0.01°

Salt content (%)
Muffin 0.03+0.01° 0.110.01¢ 0.21£0.01° 0.36+0.05° 0.49+0.03°
Dough 2.03+0.06" 2.07+0.06" 2.07+0.06" 2.03+0.06" 2.03+0.06"

Sugar content (%)
Muffin 2.03+0.06° 2.40+0.10° 2.43+0.12° 2.87+0.06" 2.97+0.06"

Y Each value is mean+S.D.

? Value with different letters in a row were significantly different at p<0.05 by Duncan’s multiple range test.

= H7kste] AWA g A= JeFs A HPATo|
ME gz o] ghefo] Eoldg s AEE Folsth(Bae

e WM e AR 1 FoAQl zfolE HolA] gk
o WM E ET 2.03£0.06%E 7FE w¥gkom, 5%
9} 10% H7FFAA 2.4040.10%9F 2.43+0.12%°] A2, 20%
A7V 2.28+0.06%, 40% H7HF 2.97+0.06% = oA o=
S7FFATHp<0.05). MAE A2 w A5 3+ AR ke
130 g2 Tdalgla, AWz B o 35dhx 27

Wl WHES] Bt 929 o] E HolA] gk, e
=]

s

1

Fio] A4E YEE F740 A0 B 5 vk gL v
o] Ag) el Bolahivl, Wrkshe Feol Fhel we}
w7e] E4o] GebAm, Bt 2 5 AHEA H53

4. Texture §4

AWz F4-S H71gE W3 2] TPA(texture profile analy-
sis) A3}= Table 59 2tk Tkt =1 7 E(hardness)=
40% A7 20% A 7F-7F 1,477.00£258.92 g#} 1,253.33+
2034 go g folFog b =ka(p<0.05), NET, 5%
A7V 10% A7 24 zbol7t /IAt o2 gt A
e g Ay S AUk vl ArdAE dlzTet
5% HA7FRE 1A% Abole I, 15% FH7bellA
fFeldoz 71 Edthe A+ 23t ZUTHOoh SW &
Chung KH 2014). &3} 1|72 3 713F oA = n7te] 3
7Vol TV E A 7t 2 o2 UEsiTH(Jang

ol M

T
a

KH % 2012).

F-24 (adhesivenss)= tHET, 5%, 10%2} 20% A7 7F
o] FolF 9l o)t gl o, 40% H7TE felFe s 7t
4819 tHp<0.05). Oh SW & Chung KH(2014)2] &17-ol|A]
by B A7) 0%, 5% 10%0 4 0.73, 0.76,
09302 o] &gl ztol7} gI o, 15% H7HellA] 0.03 2
2 yrolx] AW} v|5=3gt S B ATHp<0.05).

e+ X (springiness)S 22 Q1 Zpo]7} VERA|
o, ol 2= 79 £ ke vAz Suisk 5 E
g e WA fARE 239 tiHwang SH & Ko SH
2010; Jang KH & 2012).

$-% X (cohesiveness) = 10% F7F7F 7F8 =9ko) ol
2T, 5%, 20% FH7brek e ARl Atel= flRlaL, 40% A7t
TolA 7 ST (p<0.05). ]’ AR 7 &2 Jang KH
T(2012)] AFolME ZrolE = sl w7t H7lee]
0%, 5%, 10%°141 5173l 221 Aol 7} gl e, 20%
2 30% H7Hel e frelH oz Bolth(p<0.05).

773 (gumminess)S A= AR AES Hol i,
5%, 10%2F 20% H7b 2ke] oAl Abole gllont,
40% 7l frelH e 2SIl E(p<0.05). ol21d 3
g2 AmollM e BdsHA 7 He BEs IR wa
(Jang KH & 2012)%} w72 7}k 3 (Oh SW & Chung
KH 2014)9M = 2 235 Ho] ZAxrl o1 AR =
e 2e 1 & Uik

37 (chewiness) = =9} FAlGH AuE Hof 40% 3
7hrell A o] o2 S8 thp<0.05). g 2Ho] B
718k W #(Jang KH 5 2012), 7172 78t W3 (Oh SW
& Chung KH 2014)7% =ujab EFd2lE 71k A
(Hwang SH & Ko SH 2010)°|X = H7}5Fo] F7lglel uhah
Aol Sk, B A7Aztel fALSH
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Table 5. Texture profile analysis of muffin prepared with Suaeda japonica powder
Suaeda japonica powder content (%)
Text characteristics
0 5 10 20 40
Hardness (g) 852.25+143.18"? 533.99+25.13" 758.01+87.04° 1,253.33429.34% 1,477.00+258.92°
Adhesiveness (gs) —0.59+0.08" —0.63+0.09" —0.74+0.19" —0.78+0.25° —1.29+0.32°
Springiness (%) 1.00£0.01°* 1.00+0.00° 1.0020.00° 1.00+0.00" 1.000.00°
Cohesiveness (%) 0.77+0.02" 0.91+0.09% 0.93+0.07° 0.91+0.16® 0.75+0.07°
Gumminess (g/s) 833.32498.70° 550.39+108.68" 805.06+124.79° 797.24+180.36° 1,276.83+145.49"
Chewiness (g) 837.49+103.06° 400.33+83.24° 996.63+124.91° 805.58+180.36" 1,280.80+144.58"
Resilience (g) 0.24+0.04° 0.15+0.02° 0.13+0.01™ 0.13+0.02 0.10£0.01°

Y Each value is mean+S.D.

? Value with different letters in a row were significantly different at p<0.05 by Duncan’s multiple range test.

.
Uehe 2

AL 2ed DA A% sk, 0% 3

S ATHp<0.05). g 73

713t WA (Yang SM 5

H7leko] B2 M—o].z]#

2 % gejel R Yoz Sobtele 44E
A (resilience)S A=, A, NI whde]

R e

2ok X7} v (Jang KH 5 2012)
AME 15% H7HrellA 71 wken,

S 2010)= -2
7:125k~ Eg}u}

ol2l e cheka Ak Arkshe ARe] 540 8 Ao
2 ARe] Hrlgel Z/1E4E 794 1 o) el /)T
0] 713]'_/1\_5‘]"3:]}‘1 ZU]OHX]}E‘ 75“’]’2 7]'24—1—71] QEE 7]'

ekl 1, A4, QAR 27k BirkLee 5 2015). 2
Z 20 A7} A9 texture SHS EFE 2 v 5% 4w

o H} g RERD S5 RS AxE AR A

AWz BEg Arlst] A2 viRe) V5w Ak Az

£ Table 6°l A|AISFATE £ F(appearance), Hflavor),
(taste), ©)2F(texture), TLA21 7] Z=(overall acceptance)
o] 571 &Ee SA6lh 2 5 & o g o T4
Ql Z1E ol FeA < Afel7h AATHp<0.05). AUz &
TS AR Mol e de et A FA frol ARl
Aol & HolA] erskrh Bt ti2T-9k 10% H7bellA 537
+0.907} 4.63+£1.38% F-2]F o2 ztol7} gL, 10% F7H+
T 411213790 5% H7brek felAQl Aozt glilen,
20%} 40% H7HE 2.42+1.077 1.53£0.96 2.2 YR} T
27, 5%k 10% A7 frel 4]l zfel & Bt side
gl = AHxE H7lekA &2 Mt 10%E H7keE o
AE 7P Asste Ao g YeEPdthp<0.05). 33 8~

T tETe 5%, 10%, 20% H7HF+E HsaiA Aagio
40% 7L MBEE frolH o Yokt (p0.05). EA
A ABEE R, 595 10% BT 19 Aol
Ao, 20%F 40% H7El HisiA = frelatl =& A
o elielpe005). B, %, W9 AL A SEE

Table 6. Sensory evaluation of preference test of muffin prepared with Suaeda japonica powder

Suaeda japonica powder content (%)

0 5 10 20 40
Appearance 5.89+0.94 5.79+0.92° 5.05+0.85° 5.26+1.15° 4.95+2.09°
Flavor 5.11+0.57° 4.53£1.17® 4.95+1.27% 4.11£1.20% 3.84+1.42"
Taste 5.3740.90° 4.11£1.37° 4.63+1.38% 2.4241.07° 1.53+0.96°
Texture 4.58+1.30° 4.37+0.76™ 4.68+1.25% 4.11£1.10® 3.26+1.15°
Overall acceptance 5.05+1.03* 4.3240.82° 4.5840.96" 2.63£1.07° 1.74+0.93°

Y Each value is Mean+S.D.

? Value with different letters in a row were significantly different at p<0.05 by Duncan’s multiple range test.
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