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Quality Characteristics of Madeleine Added with
Lentil (Lens culinaris) Powder

Dan-Bi Bae, Kyoung-Hee Kim, and Hong-Sun Yook

Department of Food & Nutrition, Chungnam National University

ABSTRACT This study investigated the quality characteristics and antioxidant activities of madeleine added with
lentil powder (LP). Madeleine was prepared with flour levels of lentil powder (0, 20, 40, and 60%). The pH, moisture,
and specific gravity of madeleine decreased with increasing amounts of LP, whereas loss rate increased. Hunter L
and b values of crust decreased with increasing amounts of LP, whereas a value of crust increased (P<0.05). Hunter
L and b values of crumb increased with increasing amounts of LP, whereas a value of crumb decreased (P<0.05).
For texture of madeleine with increasing amounts of LP, hardness and adhesiveness increased, whereas springiness,
cohesiveness, and chewiness were reduced. DPPH radical scavenging activity of LP madeleine significantly increased
with increasing amounts of LP (P<0.05). In the sensory evaluation of appearance, color, flavor, texture, taste, and
overall preference, madeleine with LP 20% showed the highest value. It is suggested that LP 20% madeleine could
be substituted for wheat flour to improve madeleine quality.

Key words: madeleine, lentil powder (Lens culinaris), quality characteristics
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Co., Ltd., Seoul, Korea)oll 4| 743+ & Bl AT o2
w4 7] (MCH600SI, Tongyang Magic Co., Ltd., Seoul,
Korea)® #43+ 3 40 mesh A (Chunggye Co., Ltd.,
Seoul, Korea)ol] A Aglo| ALE-313t} vlE#L] A a+e=
-2 B (Beksul, CJ CheilJedang, Corp., Seoul, Korea), H]
E](Seoulmilk, Corp., Seoul, Korea), 22 8(Qone, Samyang
Corp., Seoul, Korea), ©Z(Pamebeo, Seoul, Korea), %
F(Manna Corp., Ltd., Sejong, Korea), H]o]% 1}$-t
(Galim Corp., Ltd., Incheon, Korea)E Aol A T+ 3}
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3L, oH] S vlgo® A 5o vighS Table 13 2
o] Azttt MEF S MUt Wk i) 0, 20,
40, 60%= Fe] H7tete] wiEdS Azl Gkl A
9, 2ws Yol 440] Ho|x &S WA AFES Ui
UL AET 2% 9 wo]PH9HE ¥ F FEOR
LA MEE YL Wsste] W ate] 303t F
i FHlE 9SS vkEd
°C=E vy o EA g3 2E(SM-6039, Sinmag, Taipei,
Taiwan)oll A 2043+ TRt} S48 ptEAS A2 A 1
AlZE s & AES ek A2 ARSI

OrSdle| pH &3

A9 22 H7F nkEde pHE A8 3 go S/ 27
mLE Y32 Z3sle pH v E(PHM 210, Radiometer,
Lyon, France)& ©]&3to 54330t} 2H7+e] A5+ 33

W Z49 F BEgon vehigeh

ol £8 &3
9% B9 W7} vpsde] S8 S48 AR 1 g9 A9

A =8 =37](FD-240, Kett Eletric Lab., Tokyo, Ja-

pan)E ©| &3} FA3 T}
ofS# Htxo| H|S
nl=d WEE9] H)E(specific gravity)& AACC(13)9l] wh
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U= S$8H(g)— SA1E 9 TH(g)
F7] B (%)= Z ° 100

orsdlel Mz =4

UG A2 T Ao Yzhak 5 2X2X2 cm AV 2
et o] M SAS 9 MAA(CR-400, Minolta
Co., Ltd., Kyoto, Japan)& A}&3}4] Hunter's Lk (%),
att(A A L), bk (FAE) B AERLS 578315t BE Al
o tiste] 53] o] Wk FAsto] Wrgko 2 YEhilaL,
oju Ah-g% WA o] Hunter scale Y=93.04, x=0.3135,
y=0.3199%1 t}.
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tion TPA(texture profile analysis), pre—test speed 3.0

skl B4 5%
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mm/s, test speed 1.0 mm/s, post—test speed 1.0 mm/s,
strain 30.0%, 2174 25 mme] 94 probe plungerE AM-&
sto] 103] oY vy ZA4skgl o, TPARFH 7 X (hard-
ness), A2 (adhesiveness), 2 A (springiness), §3

A (cohesiveness), $ 8 Al (chewiness)S =43} T}

Table 1. Formula for the manufacturing of madeleine added with lentil powder

Experimental factor (g)

Samplel) - :
Flour Lentil powder Butter Sugar Egg Salt Baking powder
Control 200 0 200 200 200 1 4
LP20 160 40 200 200 200 1 4
LP40 120 80 200 200 200 1 4
LP60 80 120 200 200 200 1 4

UControl: 0% substitution of lentil powder for flour, LP20: 20% substitution of lentil powder for flour, LP40: 40% substitution
of lentil powder for flour, LP60: 60% substitution of lentil powder for flour.
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Table 2. Proximate composition of lentil powder

Proximate composition (%)

Moisture Crude protein Crude lipid Crude ash Carbohydrate

Lentil powder 8.46+0.04" 40.02+4.95 0.02+0.00 0.64+0.05 49.85+4.93
"Mean+SD (n=3).
DPPH(2,2—diphenyl-1—picrylhydrazyl) 2fC|Zt A7 & Zqnt 2l pxE
M =X
o o

DPPH 2tt]Z 227152 Blois(14)9] el whe} %73} otsHel F& gt
Atk BAE v1EU 3 gol vEL 27 mLE 7 F ] BTl ALgE dA"F Bue] dur Jre Su
(NR-20 Medium Rotary Shaker, Taitec, Seoul, Korea) 8.46%, ZHMA 40.02%, 23)% 0.02%, =A% 0.64%,
oA 24417 FE3 F 3,000 rpmell 103%3F YAle] 3l HE3HE 49.85%0] tH(Table 2). A€ 2 H7bs @

D& Asdes AlEE ARESHIT AlE 1 mLel 0.2 mM
DPPH(Sigma—-Aldrich Co., St. Louis, MO, USA) €< 1
mLE ¥ § 22of|A 303t ¥H-g-A1A 517 nmoll Al spec-
trophotometer(UV-1800, Shimadzu, Kyoto, Japan)® &
FEE S4359 . DPPH 292 2A S v 22 7
Ab2lof ofd] FAkslSiT

DPPH radical scavenging activity (%)=

( Sample absorbance )

x100
Control absorbance
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3] oA & AAEST vtERS 1/4 AV 2 2
RS 4L A8g A Tt AFEg & A Aw

o

2] al
Hrb Tell= WEA] AR ke AT gE AERE 3
52 utEd e ¢ (appearance),
A(color), E(flavor), A7 (texture), SHtaste) E A A
71 % (overall preference)® "|-$- M3 w7} 545
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SPSS Statistics 22.0 software(SPSS Inc., Chicago, IL,
USA)E o] &3t EAHEA(ANOVA)S k8t 94 =}
o7} 1= 3Ed ts)A+= Duncan’s multiple range test
2 X0.05 FEAA Fox AAS sttt

il
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g3to] Az vtEANS pH, % T, HlF, w7 E4F
2 Table 33 #t}h vfEd9] pHe 2o %
oo WY F BES HUNSSE 7.75, 7.33, 7.062.2
ooz frasheE AdE BTH(X0.05). o= LIHE
o] pH7} 6.98%14 |3 AEF ELe] pH7l 6.032.2 nh&
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Table 3. Changes of pH, moisture, specific gravity, and loss rate of madeleine added with lentil powder

Samplel) pH Moisture (%) Specific gravity Loss rate (%)
Control 8.48+0.02°2 19.54+0.81° 93.80+0.00° 13.64+1.20°
LP20 7.75+0.00° 18.57+0.01° 87.20+0.17° 13.75+2.73°
LP40 7.3340.01° 18.13+0.35° 80.00+0.17° 15.64+1.82°
LP60 7.06£0.01¢ 14.43+1.82° 79.80+0.17° 19.65+1.24°

YRefer to Table 1. ?MeantSD (n=3).

Means with different letters (a-d) within a column differ significantly (P<0.05).
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£ Table 49 YePAAT} wlEdA 9] crustoll A WEE e}
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6}9§E}(P<o 05) FAEE JERUE= bkl A dlxzatol
43.31% ¥ & e g £de] A 7}%1 =7}
3ol whet 39.12, 34.08, 29.900.% 7AstE AE Lhet
WHH(/X0.05). AERES AA A MAE xdste o=,
1.5~3.09] k& A A7} 7HA 5 l(noticeable), 6.0 o]
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Table 4. Hunter’s color value of crust and crumb in madeleine added with lentil powder

Samplel) L (lightness) a (redness) b (yellowness) AE?
Control 58.25+0.16Y 16.44+0.32° 43.3120.06 0.00
Crust LP20 57.60+0.31° 14.56+0.86" 39.12+0.85° 4.10
rus LP40 50.51£0.21° 16.81£0.25 34.08+0.03¢ 9.11
LP60 39.90+0.03¢ 19.11+0.14° 29.90+0.72¢ 15.45
Control 72.93+0.05° 1.41£0.07¢ 34.11£0.18° 0.00
Cramb LP20 68.63+0.23° 3.33+0.06° 27.09+0.07° 7.58
e LP40 62.15+0.35° 4.97+0.05° 24.75+0.07° 11.36
LP60 55.02+2.18¢ 6.15+0.64° 24.28+0.29¢ 13.90
)Refer to Table 1. ?AE= VAL*+ Ad® + AW . *Mean+SD (n=5).
“Means with different letters (a-d) within a column differ significantly (P<0.05).
Table 5. Texture of madeleine added with lentil powder
Samplel) Hardness (g/cmz) Adhesiveness (g/s) Springiness (%) Cohesiveness (%) Chewiness (g)
Control 0.38+0.40">% 8.99+4.23¢ 1.84+0.04° 0.85+0.04° 6.12+0.87°
LM20 0.81+0.36" 12.97+3.62° 0.71£0.07° 0.70£0.07* 1.49+2.92°
LM40 3.31£1.30° 30.02+3.19° 0.66+0.04" 0.68+0.28 0.88+0.35°
LM60 3.88+0.75° 48.70+10.09° 0.64+0.05" 0.52:0.09" 0.64+0.39°

1)Refer to Table 1. *Mean+SD (n=10).

Means with different letters (a-c) within a column differ significantly (P<0.05).
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AIZEWoll A4 5 olo] d] AREH AL Slvk(24). Y
kg H7kek nhEdle] DPPH #iolzd A4 242 gz
oA 5.14%% 7P W2 gs Blon, ddF 22 A
Fegoll wet 20%(28.86%), 40%(60.25%), 60%(71.21%)
2 frold o Srhshs A3E JEhhATH(X0.05). 19
F-o| &= proanthocyanidins 59 ¥H &3 EE0] dEF 9
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o 90 |
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2 70 1 b S
S8 60
T2 ]
85 %
T 5 4
© g 40 c
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&
o 20 1
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0 | —
Control LP20 LP40 LP60

Sample

Fig. 1. DPPH radical scavenging activity of madeleine added
with lentil powder. Bar values are means of 3 replicates and
those with different alphabet letters (a-d) are significantly differ-
ent at P<0.05. Samples are the same as in Table 1

Farsh B4S ekl Ao nus L Qov25), dd
2} 2L $O) o £THRE WHA EdoRRE AT
228 49 ITF 3§ IYE AP Aoz

v JTH(26). WEkA] Aol - gallic acid,

chlorogenlc acid, caffeic acid, coumaric acid, rutin 59
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24 Z7tol Jlelshe Ao AN WA FEAE
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xy

AT B AFS Gelste] Az vhEAS] BE

7HE Table 631 2t} gl W@ HEEE A9F B
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3

=3
20% H7ktel 571w 7MY w2 s yEhlgla,
60% 7oA 4.18% 02 7HE e s YERAIT
Ao gk Hokes A B 20% H7hre] 5355 0%
7P =9%kaL, 60% A bl A 4.247 07 w2 AE 4
Bt o= 7IAE Al 54 Aol Rludd uf Y
w2 A7t ofel vhaRle] Wi kil A AE=s) g
E7h 7k Ao] Aol g Az el S UEhe] 15%

AR E Aol g AEES S 1o
b= el i@ iiE%— 238 gaAly)e Ao wad

o} el oigk A

Table 6. Sensory evaluation of madeleine added with lentil powder

le"

Sensory characteristics Sample
Control LP20 LP40 LP60

Appearance 4.53+1.01"" 5.71+0.99° 4.88+0.99" 4.18+1.38"
Color 4.29+1.16° 5.35+1.00° 4.82+1.00° 4.24+1.25°
Flavor 4.24+0.90° 5.76£1.22° 5.1240.91% 4.41+1.50
Texture 4.06+0.75° 5.24+1.39° 4.29+0.90° 4.24+1.45°
Taste 4.41+0.87° 6.06+1.41° 5.00+0.97° 4.76+1.44°
Overall preference 4.29+0.85" 5.82+1.06° 3.82+0.13° 4.65+1.51°

1)Refer to Table 1. ?Mean+SD (n=30).

Means with different letters (a-c) within a row differ significantly (P<0.05).
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