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Quality Characteristics of Korean Wheat Castella Supplemented
with Ground Black Cumin (Nigella sativa 1.) Seed
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Professor, Dept. of Hotel Culinary Arts, Baking & Barista, Gumi University, Gumi 39213, Republic of Korea

ABSTRACT

This study examined the effects of ground black cumin (GBC) powder addition on the quality characteristics of Korean wheat
(domestic wheat) castella. GBC was incorporated into castella batter at 1% 4%, and its impact on the batter properties, proximate
composition, physicochemical characteristics, texture, antioxidant activity, color, and sensory attributes was evaluated. The batter den-
sity increased at higher GBC levels, with a significant rise at 4%, likely due to the reduced gluten network formation and denser
air cell structures. The batter height decreased as the GBC increased, while the weight showed no significant differences. Baking loss
decreased at 4% GBC, reflecting improved moisture retention. The protein content decreased slightly with GBC addition, whereas the
fat and ash contents showed minor increases. The moisture content peaked at 2% GBC, suggesting that dietary fiber and fine solids
in GBC stabilized the batter structure and water retention. The water activity and sweetness decreased at higher GBC contents, while
the pH remained stable. The titratable acidity increased, likely due to the presence of weak acids and minerals in GBC. Color analysis
suggested that the lightness and yellowness decreased as the GBC content increased, with more than 3% addition producing darker
hues that may affect consumer perception. The texture parameters, including hardness, gumminess, and chewiness, increased with GBC
addition, whereas the cohesiveness and springiness remained largely unchanged. The antioxidant properties, including the total poly-
phenol content, electron-donating ability, and catalase activity, increased at higher GBC levels. The sensory evaluation showed that
1%-2% GBC provided the best balance of color, flavor, taste, and overall acceptability, whereas 3%4% GBC reduced the sensory
scores. These results suggest that 1%-2% GBC addition optimizes the antioxidant benefits and functional properties without compromis-
ing the texture or sensory quality, providing practical guidance for developing domestic wheat-based functional baked products.
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o] 7tz AL AES e dTE, e B4 B4
¢ HZo R Hrhd 4 9tiChang HG &

Kim JY 2004; Choi YS & Lee MH 2009; Kim JH 5 2016).
Ftxdgls vk ) 254 JEY A FAETE Al 7]
E Fxd o8 223e] A== ABHVo TP 5 2023;
Ahn JS & Yoon HH 2024)=, H7}70] whalz ek ol 22
gl 7o) gt o) AujA oz vtk olgg B
2l gy = Pert v 2ES A4S wole
AFe] 71EAQ 125 FAT F e FHoz g3
(Kwon MS & Lee MH 2015). 3+ 7}dleb= wjdta) A%
7o) BluA wiedle] 98 24 Wl uE ojge &
3, 243 9 #5H 549 Aol & AAIF R vlu- A s}
71el A3etk Al Al Fe]thMoiraghi M 5 2013; Kwon MS
& Lee MH 2015; Vo TP & 2023). ©]o| ¥ o xe &2
AR 390 H7pE 28 ABAEe] 4 S48 nA=
B AE] flg Bd A Fo g shadEEs A8tk
Fhdag s Age APATRE JA B8 LAy 7154
AES Asle] F4 BAS 243 AV Rasa 9o
™(Park JS 5 2010; Lee SE & Lee JH 2013; Jang NH &
2018), ¥3KJeon SS 2003), % (Choi GY & 2007), %(Choi
HI 2016), 3Fs(Jung JY 5 2010), 34KSeo EO 5 2015) &
theket A B 1~3% TR AUKE o At &4
o] F7¥etar, 27 Fnl7t fAlE Tk stk 18y 2

A

AUE 2P AFE Bohis] el $n, FeUL Aoz
ol A= u¢ =& Aoty EFAR 3 thymoquinone 2}
theket &4 A

2 Eoto] ksl &, at 59 7164
(Ali BH & Blunden G 2003; Niu Y & 2021; Rahman AU &
2024)5 71U = ok, B FeE At Al AlFel 4
|3 A= A jlen, 53] SFHl o] v e 7}
g Az ATE W SR Aol

Wb B AT HUAR U 14y FEe
2 2] 2 shedels Azsha, 27} el U
olsberd B4, 247 A 9 Bed B4 WslE Bl
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1. =
YA Aote] B 202490 AAkE Zlow SR
5.5%, BESHE 35%, Aol 7%, A 20%, AW 37.5%,

1% oA oF BAEREAERS

3] 5%2] A|E(Amazing Herbs, Buford GA, USA)S i35}
glon, Nl Adwt 3715S BE 5 e ds 7)o
ol &% 4T, HUlFE 40~60%2] T8 Xolr B
(Houghton PJ & 1995; Ali BH & Blunden G 2003)3}3] 2.
ARA7IE Bt Y e FASKIY @R St
y}2] K(Jirisan Urimil Agri Co, Republic of Korea)< A}-8-3}
Aa, @2 FEEXA] 7% F(Pulmuone Foods Co., Ltd,
Seoul, Republic of Korea)s ARME-3IATE E WA BX(Cheil-
Jedang Corporation, Republic of Korea), -$~f{Seoul Dairy
WE](Isigny Sainte-Mére
Cooperative, France), &(Chung Jung One, Seoul, Republic of
Korea)S T3] AHE-3HA

Cooperative, Republic of Korea),

2. FIAE2to] H|=x=

AT Aot E(ground black cumin seed; GBC)2] #
e WIHE FE VIFOR 1~4% HY, Fhade AES 7
TOZ 0.25~1.00%((w/w)] B7F =5 1% (HFoz 3
7tete] FHH o= A %381 TtHTable 1). EBAW ] Hr}ek
£ Al-Attas SA 5(2016)2} Mahmoudian A 5(2025), Huda K
F(2015)%] 97 ARE st A5 =, WHE
o tig GBCY H7H&S 1~-4%= 2Fgozn 79l 7}
2®gle] GBC FH&S 0.25~1.00%=2 2331tk g2z
Ae 9 E9E WHE7](Vertical, NVM-16, Daeyung, Korea &
Spamixer 502, Taiwan)ol] ¥ 11 2&tol|A] 30%, 33} 5ol A
3R 23 & T W A 3 979 GBCE gl & 41
nlg] 3kt 5o HElE s Hrleislch o] wse
Fh2dlgl (36 x 26 x 5 cm)°ll B 5 cm =o]oA] v o
223 A xHe] & 7|25 AAT F 160T 2LE(NS0-96,

Table 1. Ingredients and amounts of Korean wheat castella
supplemented with ground black cumin seed

Addition rate of GBC against wheat flour (%)

Ingredients
0 1 (025”2 (0.51) 3 (0.76) 4 (1.00)
Wheat flour (g) 300 297 294 291 288
GBC" (g) 0 3 6 9 12
Egg (2) 500 500 500 500 500

Sugar (g) 250 250 250 250 250
Corn syrup (g) 100 100 100 100 100
Milk (mL) 120 120 120 120 120
Butter (g) 100 100 100 100 100

Y GBC: Ground black cumin seed.
9 The parentheses indicate the GBC content rate (%, w/w) per
100 g of castella applied baking loss values in Table 2.
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3. H|&, =0| ¥

Ftdgke] )52 Campbell AM 5(1979)2] Wl u}
g el S on, Aol W] FAE 2 &
2 AR Y oz JYehigrh =o|= Cloke LD
(1984)2] Hho] e} 22 o] flo] WHg] o2
Fatdth. w7 SAE%)S 949 Ftadate] 37 A

g} - o] FF AolE HAME(%)E YERNATE

27| £4Ee 5F

o

10 gy on 1o

= = — c — al cCCOo
PR gtz SEEMT, pH, Ar, g ¥ MEo

.’J>

22 AOAC(1990)ell me} =2 110Ce] &
‘%H”Z‘% A2AF 6255 A8 micro-
petroleum etherg 8wl 2 3= Soxhlet
600Ce] 23 3lspgo g 747 S4313
o} FEIHEAW)S] S-S water activity measurement
(Labmster-aw, Bsforu Co., Ltd, Seoul Korea)& AF&-3lo] =74
3199tk pHE pH meter(Model 250; Beckman Coulter Inc,
Fullerton, CA, USA)Z, A% A== pH 8.20] =2 & w7} &
H|E)= 0.IN-NaOH(f: 1.0000)] AH]ZF-S ZAFo 2 $hils)
o mg%Z YERIItE BEE UXE T=A(PR-32a, MBI,
Korea) & AF8310] 298k, At 7)2slel Aehy 29
F-2)ol] thated Huntere] L'(lightness), a’(redness or greenness),
b (yellowness or blueness) #t-2 Chroma meter(CR-300, Minolta
Corp, Osaka, Japan)& AH&-3to] S%3t3iT) oW, Minolta
AIHYCIE=94.5, XCIE=0.3160, YCIE=0.330)Z} Hunter Lab
EFTHD6S, L'=97.51, a'=—0.18, b'=+1.67) 2 ZHO 2 7]7]
£ #ZFstete] SHsisith

5. HIAX

Fhdete] 7hEd Bt 4 x 4 x 5 om V|2 AE £
texture analyzer(TA-XT2, Stable Micro System, Haslemere
England)E ©]-83}] 74 X(hardness), 72~J(adhesiveness), -
%% (cohesiveness), BF2J(springiness), 54 (gumminess) 2 ”Q
24 (chewiness) S 212t S8ISit) o|wl Plungere A& 2.0
mme| cylindrical types AME-3I1L test speedi= 0.2 mm/sec,
WP EL 99.9%2 3%tk

Z Polyphenol &2, A50{5 X Catalase 24T

i
N oﬁ o

= polyphenol &2 Yoon SJ 5(2016)] WH-Z HAE 3}
S 7} gz} 10 goll 70% ethanol 100 mL-S 7}ale] 80T ellA
33 37 W7z %3 & Whatman No. 3 IR &2 o3}t

$2) W Fhadleel F2

2 EX 77

UL 100 mLE 83dt] S48 A RE AHES
93\213:], ZFZN 7} 100 pLoll 2% sodium carbonate 2 mL2}
50% Folin-Ciocalteu reagent(Sigma-Aldrich Corporation, St.
Louis, MO, USA) 100 uLE 7}g+ ¥ 720 nmollA] FBEE 5
Aottt thSoll 4= gallic acid(Sigma-Aldrich Corporation,
St Louis, MO, USA)E FFEHA R g A o5t o
230l me/go 2 VERRAT.

ZAAg] S (electron donating ability) Blois MS(1958)<]
o] w3 polyphenol %< 200 uLell 0.4 mM DPPH
(1,1-diphenyl2picrylhydrazyl) &< 800 pL2 713+ & Vortex
mixer2 1033F A8la 1087 U] F BEF=AS A
ato] 525 nmellA FBEE 5%, A5 DPPHO| tjgh 3¢l
stalem, Ak, Aagods(%) = [1 — M=

[ 2T FFE)] x 10090 oJste] %= e}

a“;

ER
o 8=
Wit

Catalase©] B4J-2 Aebi H(1984)2] WMol uja} 7}xelle]
50 mM potassium phosphate buffer(pH 7.0) F=&°] 7]&I
10 mM H,0,9] 5= A= 35 240 nmol| A 3= 9
3= 913 EAEBASE 0041 mMem' g o] gle] SHEE
et E48A ©9l= Hy,0; pmole/mg protein/min®.
erngick

7. 2sHA

W ks Ha ATAY A EFS st A= A
EHQ%(‘E} 107, ©] 107)2 panel2 A3 3lo], ¥ 4
471 vy 2 24 gl dig)] & JAAE

]‘Z 2] =

S5 4948 2 T 71E=

2 57 Hmyel wlS vmrg), durked, REeltha
), FhaA), WS EOGRE B,

8. EAIXZE]

RE AYe 33 Wen Asglen, Aske
(Ver. 12, Chicago, IL, USA)% AHgste] A8t AlRE
Atole] zpo] o= dY EAHEA (one-way ANOVA)S 5
s st or, vJ FEL p<0.052 A A8 7t
TA ARl *}e]= Duncan?] t5H 9147 (Duncan’s multiple

test) S ©]-&3to] HEAJ5lSiTh

SPSS
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1. gtxol H|F, 52, =0| ¥ Z7| &=4E
EYATC] Hoto| 2 2d Fha"e} vk=e] vl
F =0 3 17 SH4ES 543 2= Table 29 7‘5}
o] B35 2o Rylo] ukEy) o Ulg Fm| e, vt
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T2 dgdtilee IS T
2009; Noorlaila A 5 2017). EAT K oke] EWGBO)=
L7EFe] tiste] 1~4% HAZ H7side we] v F
A7} 0.58 gmLET} =& 0.61~0.68 g/mLE oA 73
< B0y 1~3% H7le E317kele] zlo)= EO] A e

o]

1=

ofk

ot 4% A7l foHQ(p<0.05) Aol & B

AShe GBOZL WEs) 294 728 Slstalel 2
1S "olEa]: @Ao g Holr) wol Burs 3
g W ¥kE(Choi GY 5 2007)9l X% H7teke] 7t u}
254 4L Ade] BT BASA T
/}}ﬂ]‘é L]-E}lHUJ] 7}./\ y_.?re_gll,:_ oFsletaitt. & A golA]
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FF W FE 29 A

NFUJS?S
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-
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%Dh A 7hadEe] 5= GBC

}6& 0T7]' ARG tha golAle A4S Holo

JFL glolom, ole H7kee] St whet 2HAst
(»<0.05) 732 3~4% A7 E 1~2% A7 3%

S UeRfo] GBCY 7tz 27 gAdo] A3

2 deEYy 7]ge] FR7MEG Jdeisith Aot

7] EHEL 1~3% A7PEoE FHdteke] e

£ Holx| kot 12.7~13.9% HWHE FAH7} 14.6%H

o Ykt #7] £4e FE SR S o3 dgoew
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GBC®| 7}l 9|3t nk=o] H]F F7hete do] glom
(Kim YH & Cho NJ 2010; Lee JH 2015), GBC2| #7}= &
T BREe soAe e g ddEy, Hut 28-S 7k
W ks £29(Kim HI 5 2001) 2 291 22 Hrhek
vr«l fﬂg— 4J(Shin GM & Kim DY 2008)°|4 = &-& A3}

il
g

ol tigk GBCOl 4% H7hs 7hdlet
tekeht 712 A, HE
| Ed o] Aasht 1~3% W19

153 w71 8N FA7Eeke] fro 2l Ajol

7HL 30.82~33. 80%5?—_ A7l=2 T3 Ak Eow &k
) ur 2% % 7}oﬂzﬂ 33.80%= T

UéFM Oﬁét}% &4% E'—i‘&v} = GBC 1% H7h= wk=
The] Aol $23] olukx|shA] Retar e3le V& <t
A& Astelo] B7] & 2 £do] S71E Aol Add
oh. Wbl 2% 7kl A GBCA EE Aol RS v %
g wlAl o] Wk o] et ] Al A
o] °188& EHA o2 AFsta TAl w5 7271 P
SHERAM e HRT7E ekl Ao 2 stk GBC 3~4%
A7t e W] Hert des S7kshe ddol w3
A ol 718l AEIRE Qlal A HEo] wobA
Ao oR w7] ) ol o S FAHALS 77

Table 2. Specific gravity, weight, height and baking loss of Korean wheat castella supplemented with ground black cumin

seed

Addition rate of GBC" against wheat flour (%) Specific gravity (g/mL)

Castella weight (g) Height (cm) Baking loss (%)

0 0.58+0.03" 1,178+12N9 6.12+0.4° 14.6+0.6"
1 (0.25)% 0.61+0.02° 1,180+10 5.90+0.3° 13.9+0.6™
2 (0.51) 0.62+0.03° 1,183+12 5.8240.3% 13.60.5%
3 (0.76) 0.65+0.02% 1,186+24 5.30+0.2° 13.4+0.5®
4 (1.00) 0.68+0.02° 1,189+15 4.64+0.1°¢ 12.7+0.5°
F value 8.6 —0.4 24.9 9.8
(p value) (0.0049) (0.79) (<0.0001) (0.0031)

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC content rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.

3 Values are meantstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.
9 NS: Not significant.
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Table 3. General ingredients of Korean wheat castella supplemented with ground black cumin seed

Addition rate of GBCV against wheat flour (%) F value
General ingredients

0 1 (0.25)” 2 (0.51) 3 (0.76) 4 (1.00) (p value)

. 34
Moisture (%) 32.00+0.04"Y 31.38+0.14° 33.80+0.14° 32.19+0.83 30.82+0.17° 0.048)

22.6

4 0 a b c c c

Protein (%) 8.010.20 7.52+40.25 7.43+0.31 7.30+0.22 7.24+0.08 (<0.0001)
Fat (%) 10.70+0.15 10.2240.27° 10.07+0.19° 10.62+0.09° 10.710.15° (056? N

. . . . 8.9
Ash (%) 0.65+0.02° 0.75+0.04° 0.73+0.02° 0.73+0.02° 0.70+0.02° 0,008

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC content rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.
» Values are meantstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.

O

] =t} WA GBCY 4 #+ =3

e8] JEIrt

Al oa = slem HA 747} %éﬂré}
AT 7 Ee HofEh

o e GBCS A7EE Sl weE F37E 8.01%
AN 1~4% 7} 7.24~7.52%=2 23k 7Hax(p<0.05)3+%
ok A S T3 10.70% 1~4% H7F 10.07~10.71%,
3% L FHIE 0.65%, 1~4% H7F0.70~0.75%= S7F
of F& AA| @kort frelHel ‘%P HA o3t |
& AHE-E GBCY %HW T AHEFE 55% TrstE

2 20%, A4 37. 5%, 3|5 5%)7}
ke w12 ook% %OL HlA 2 et Az 59,
chl A o] 7HA7) FElgk A GBCo H7IE ¢l 34 gy}
(Kamandloo F 5 2023)2 #TH=, I GBC 7oA E-
o] o] Tha T2 dAS YIIFoMET gRlEY A&
A FApA AiH o2 37 Fao] EHrhe A3 (Joshi AU

5 2015; Ullah F % 2016; Saad SS % 2021)¢} ##o] 91
Zﬂﬁi Helrh

o] GBC7} 7|5 = Folshe Qo e} vt
o] 7z g eja A A B 771 Gkl JEke vl

S JeRdth E3), WK U] 2% 5] Arbe SRR
7kt T4 sk SHedlA 38291 Aot "fBi hets]
W, o]& 2P whso] P2 visty S @'ﬁi 2 e
o] 8 WslE AT 7ol ¢

2 AN

ot

p

3. AHSIAMC |- ,pH AI-I:

GBC®| #7tel| wE -2 7h~dete] FEE4d 5 (Aw),
Y&, pH B AHe WSS 3743 A= Table 49+ 2T}
BRAE(AW), FE B A akeE GBCe] A7) Sl o

gt BARCR o3 Aol & YEFHATH(p<0.05), pHE #]
2|7 7ke] o] ARl WSyt date R ekttt Awe F3H7L
TellM 09322 7 =7 YERseH, GBC] H7tEel <
7}kl whet 0.687H4] ©HA|A o7 TrA Al 7+2(p<0.05)3}
At} o= GBDY| TFF3 AHAGAE v|E3 ABRE B
Aol o3 gy A7t U]{YeomKH 2016). Awe] 7+
2E GBCo| &2 tymoquinone®] 37| AYE T I Agarwal R
5 1979)¢} $7 7hEete] A7 el 3291 Bt
ZloEe) 9= =3t GBcsq A7V =7t wkel 7.23%00 4
6.20%= frolA o ® 7Hadlglthp<0.05). °ol& WIFE iy
7H87d 1 E o] AR W v & At wdt
"} b, pHE 28 A lolA] 5.07~5.13 B2 fAE
om, 7V ST e SAA frofxbe vEeR A eskth
°]= GBC 7Pt wr=¢] k947 HE o= fefvleh d3=
WX|A] k5a onlet Fhx"e} 9ol nAYES o] &dte
LEME SHAQA BIE v F s ZoR A

pHO| W37}t QlEoe AL s A7 S7tel wet
16.0 mg%ollA 19.5 mg%= 28U S7Hp<0.05)F EA
o} o]#3 Abre] F7k= GBCO g3 okt Fr)Ho)
e Ao SFA 8o ofgh YEFeZ HltKSadler GD
& Murphy PA 2010). ©]4+e] A3} GBCO H71&2 Awe] 7+

&, = 7L B v Rl en, o AF 549
=28t FPusts Wtk 59 Aw fhaet A=
& A Bl SHelM S adlor A8
glovt Frmel fae 7|am Aske] 7hedel girt we]
A 1~2% e A7PE FE 54 HEd i #8E &
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Table 4. Water activity, brix degree, pH and titratable acidity of Korean wheat castella supplemented with ground black

cumin seed
Addition rate of GBC" against wheat flour (%) Aw Brix degree (%) pH (mqg:‘l;;:lt:?fa;(i:idzé d)
0 0.93+0.05* 7.23£0.31° 5.10+0.12N% 16.0£2N
1 (0.25)% 0.85+0.03® 7.1340.63" 5.07+0.09 16.243
2 (0.51) 0.80:£0.02° 6.43+0.29° 5.13+0.14 18.4+4
3 (0.76) 0.75+0.02° 6.33+0.23 5.08+0.10 19.343
4 (1.00) 0.68+0.03¢ 6.20£0.80° 5.10+0.13 19.5+2
F value 46.8 3.02 0.19 6.87
(p value) (<0.0001) 0.062)" 0.94) (0.006)

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC addition rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.
» Values are meantstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.
9 NS: Not significant.

4, MAL =Lt <]
GBCEZ #7I3 $-8] 4 7p=date] A4S 243 daje 7I9ES
Table 59+ 2T} WR(L)E Hrlde] F71842 taste 23S 2
%S BHTh FH7Ee) L'ghe 77.320190.01 4% 7ol FeRE &

%
© GBCO| 24 A4 gEe] JgFor Bt wgh 7k~

b}

Wk A= 34 F DAe) FPlN Lofihs Buwrg o
slo] L B fhao] FGE 0|7 Zolet BEA a'gh
(redness) & 0~4% A7} BN — kg ehiRor] 37}
% 371 et Aol Bashe AFoR w4 Age] 7 TFHE Atk

= .
A oA 3 A4 o] griao R ek Aol B

HZt= GBCe A4 1

oft
M

Table 5. Color of Korean wheat castella supplemented with ground black cumin seed

A3}, WhH ol b gh(yellowness)< 37} 37.12,
4% A7} 26072 A7V STl ukel A7 2H22(p<0.05)
Skt o]+ GBC 7tz 7h=dle} afre] &4 Eo) 34
HAL s Agate] AJag o2 Ax go] Hgkst 4
Zha} AETh =g A 2G4 Maillard ¥H-8-0] 218
o] b'gkel il FgS A

%, GBC A7hge] 371855 Fhadete] Yrs) Bw

Addition rate of GBC" against wheat flour (%) (15}??1112;) (?;ZEI;Z) (y;IZ::EZSS)
0 77.32+0.49™ —3.09+0.03° 37.12+0.12°
1 (0.25)? 72.09+0.40° —2.60+0.02¢ 34.95+0.07°
2 (0.51) 67.99+0.38° —2.200.03° 30.82+0.04°
3 (0.76) 66.24+0.09° —1.81+0.41° 30.96+0.78°
4 (1.00) 63.51+0.51° —1.16+0.00° 26.07+0.16
F value 512.6 86.4 203.9
(p value) (<0.0001) (<0.0001) (<0.0001)

D GBC: Ground black cumin seed.

? The parentheses indicate the GBC addition rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.
% Values are meansstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.
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Table 6. Textural characteristics of Korean wheat castella supplemented with ground black cumin seed

Addition rate of GBC" against wheat flour (%)

. F value/
Attributes
0 1 (0.25 2 (0.51) 3 (0.76) 4 (1.00) p value
Hardness (g) 1,175+152% 965+164° 1,290+178° 1,612+124° 1,971+109 287
, . ’ ’ (<0.0001)
Adhesiveness (mJ) 0.19+0.04™%  0.22+0.08 0.28+0.09 0.160.08 0.16+0.08 (ng)Ns
: 0.3
Cohesivenss 0.5340.03"  0.500.02 0.53+0.00 0.50+0.02 0.520.07 (0.86)"
4
Springiness (mm) 8.24+0.52N8 8.09+0.47 8.18+0.13 8.07+0.14 8.01+0.10 © 078)NS
Gumminess (g) 608+101¢ 678+86° 682+95° 811+111° 1,019+174° 169
g ; (<0.0001)
. . . 5.1
Chewiness (mJ) 48.8+46.6° 48.2+8.3° 54.848.08° 64.2+8.7% 77.5+13.9° 0.016)

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC addition rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.
% Values are meanstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.
9 NS: Not significant.
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Table 7. DPPH scavenging capacity, total polyphenol content, and catalase activity of Korean wheat castella supplemented

with ground black cumin seed

Addition rate of GBC" Total polyphenol

Electron donating ability Catalase activity

against wheat flour (%) (mg/g) (% inhibition) (H,O, pmole/mg protein/min)

0 63.38+ 1.09Y 41.96+1.34° 0.16+0.01°

1 (0.25)? 88.18+12.09° 71.73+1.34° 0.20+0.02°

2 (0.51) 97.65+ 9.99° 73.75+1.99° 0.24+0.02°

3 (0.76) 110.63+10.56° 74.46+2.03% 0.27+0.03%®

4 (1.00) 139.84+12.09 77.57+1.89° 0.30+0.03°

F value 56.3 145.2 38.6

(p value) (<0.0001) (<0.0001) (<0.0001)

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC addition rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.
» Values are meantstandard deviations of triplicate determinations, and different superscripts within a column indicate significantly

different.

regE 24708 fA8] AN A7 1~2% ol
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6. Z Polyphenol &2, MXIZ20{S L Catalase &M
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5 ke 3471 63.38 me/g, 1~3% 37} 88.18~110.63 mg/g,
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Table 8. Sensory quality of Korean wheat castella supplemented with ground black cumin seed

83

Addition rate of GBCV against wheat flour(%)

Attributes £ value/
0 1 (0.25)% 2 (0.51) 3 (0.76) 4 (1.00) p value
Crust color 4.45+1.05° 4.12+0.31° 4.21+0.32° 3.21+0.29° 2.85+1.05¢ (013621)
Interior color 4.30+0.42° 4.20+0.23° 3.95+0.32° 3.00+0.83¢ 2.56+0.32° 23.1
(<0.001)
2.
Flavor 3.20+0.35° 4.5240.37° 4.20+0.62° 3.3240.47¢ 2.67+0.21¢ 32:5
(<0.001)
. . X 8.2
Taste 4.00+0.35° 4.00£0.56®  3.85+0.46° 3.60+0.58° 3.16£0.11¢ 0.04)
Moist level 3.85+0.52" 3.92+0.84 4.01+0.37 4.00+0.19 4.20+0.57 © 122'§NS4)
Chewiness 3.2040.75 3.15+0.36 3.20+0.36 3.1840.89 3.05+0.98 © (;'SI)NS
1
Overall preference 3.5040.50™ 3.8240.42° 3.72+0.14°  3.28+0.569  2.25+1.30Y (<680307 h

Y GBC: Ground black cumin seed.

? The parentheses indicate the GBC addition rate (%, w/w) per 100 g of castella applied baking loss values in Table 2.

® The sensory test was rated as very bad (I point), bad (2 points), moderate (3 points), good (4 points), and very good (5 points)
by trained 20 trained sensory personnel. Values are mean+tstandard deviations of triplicate determinations, and different superscripts

within a column indicate significantly different.
Y NS: Not significant.
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