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Evaluation of Nutritional Content and Quality Attributes of Cookies Utilizing
Calcium—Enriched Finger Millet Variety (Fingeriho)

Ji Ho Choo', Jee=Yeon Ko?, Meyong Eun Choe', Ji Young Kim®, Byong Won Lee', Young Kwang Ju', Hyoseob Seo*,
Choon-Song Kim?, and Sang-lk Han®'

ABSTRACT The nutrient-rich and climate-resilient finger millet (Eleusine coracana (L.) Gaertn.) is a relatively new crop on
the agricultural landscape. The present study explores the agronomic characteristics and antioxidant activities of grains and
cookies produced from ‘Fingerlho,” which was the first finger millet variety developed in South Korea. With heightened calcium
content (314 mg/100 g) and polyphenol levels, ‘Fingerlho’ exhibited superior radical scavenging activities compared to other
millets. The investigation assessed the impact of whole finger millet flour at varying concentrations (0, 10, 30, 50, and 100%) on
cookie properties. Increasing the substitution of finger millet flour in the cookie formulation resulted in a notable rise in calcium
content, ranging from 1.8 times at 10% to an impressive 10.8 times at 100%, surpassing the levels found in conventional wheat
cookies. Conversely, the sodium (Na) levels in finger millet cookies demonstrated minimal variations, presenting a potentially
favorable aspect in addressing the high Na intake prevalent in the South Korean diet. Notably, the antioxidant activity, assessed
through ABTS and DPPH radical scavenging assays, exhibited a significant elevation compared to the control. This increase in
antioxidant activity was directly proportional to the quantity of finger millet incorporated (p<0.001), indicating the potential health
benefits associated with higher levels of finger millet in the cookie formulation. This study highlights finger millet’s potential as
a beneficial ingredient, enhancing both consumer acceptability and the functional attributes of cookies. Notably, cookies with 10%
to 50% added finger millet exhibited significantly superior quality characteristics compared to controls, suggesting promising
avenues for health-functional cookie development.
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Table 1. Proximate and minerals compositions of finger millet,
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‘Fingerlho’, and foxtail millet varieties.

Minerals compositions (mg/100 g)

Varieties Protein (%) Ash (%)
Ca Mg K Na
Fingerlho 8.9+0.33"2 2.34+0.14° 314.046.59° 117.0£10.7° 303.0+4.2° 24242.23°
(finger millet)
Samdamae 10.5+0.95% 1.43+0.08" 9.0+0.72" 115.042.6 198.0+9.2° 12.6+0.98"
(foxtail millet)
Samdachal 11.240.69° 1.60+0.13° 9.5+0.98" 82.0+£5.9° 149.0+£14.9¢ 7.0+0.94°

(foxtail millet)

DEach value is mean+SD (n=3).

DValues followed by the same letter (s) are not significantly different at P

< 0.05 according to the Duncan’s multiple range test.

Table 2. Comparison of total polyphenol contents and anti-oxidant activities on finger millet and foxtail millet varieties.

Varieties Polyphenol (mgGAE/100 g) DPPH radical (mgTE/100 g) ABTS radical (mgTE/100 g)
FingerTho 204.9+3.69° 246.7+1.10° 25534277

(finger millet)
Samdamae b c c

(foxtail millet) 65.7£1.22 33.0+1.58 104.9+2.35
Samdachal 64.140.68" 45.541.58° 112.6+3.17°

(foxtail millet)

YEach value is mean=SD (n=3).

DValues followed by the same letter (s) are not significantly different at P

< 0.05 according to the Duncan’s multiple range test.
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Table 3. Proximate and minerals compositions of cookies added with finger millet (Eleusine coracana (L.) Gaertn) flour.

Finger millet flour Proximate compositions Minerals compositions
Addition rate (%) (g/100 g) (mg/100 g)
(w/w) Moisture Protein K Ca Mg Na
control 3.5+0.0192 10.6£0.21° 65.0+£5.70° 24.4+4.51° 15.3+2.86° 287.4+14.09¢
10 3.0+0.04° 10.3+0.10% 85.4+4.56" 44.9+1.25¢ 26.2+0.83¢ 291.7+14.57¢
30 2.9+0.02° 10.0+0.10™* 115.843.75¢ 101.4+4.38° 57.442.30° 347.3+15.26°
50 2.8+0.07° 9.4+0.06¢ 150.2+12.52° 152.1x1.31° 84.6+0.64° 373.7+11.51°
100 2.0+0.01° 8.7+0.14° 193.0£18.61° 262.7412.2° 144.8+7.30° 396.7+20.81°

DEach value is meantSD (n=3).
PValues followed by the same letter (s) are not significantly different at P < 0.05 according to the Duncan’s multiple range test.

Table 4. Spread factor and texture profile of cookies added with finger millet (Eleusine coracana (L.) Gaertn) flour.

Finger millet flour

Addition rate (%) Spread factor Hardness Crispiness peaks
(WAW) (kgf) (Number)
control 45.242.78° 5.89+0.529 V2 32.6+3.21°

10 50.6+2.47° 5.41+0.520%° 20.4+3.13°
30 53.0+3.94% 5.13+0.709% 21.2+4.27°
50 56.4+2.35° 4.15+0.647° 23.0+2.45°
100 57.843.37° 2.07+0.364° 19.0+2.12°

YEach value is mean=SD (n=3).
PValues followed by the same letter (s) are not significantly different at P < 0.05 according to the Duncan’s multiple range test.
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Table 5. Changes of hunter’s color values of cookies added with finger millet (Eleusine coracana (L.) Gaertn) flour.

Finger millet flour

- L-value a-value b-value AE
0,
Addltl?‘?v/\;a)te (%) (Lightness) (Redness) (Yellowness) (L*,a%,b*)”
control 82.7+1.34' D3 5.4+0.99¢ 33.7+1.54°
10 70.7+0.87° 8.5+0.41° 28.7+1.49° 13.3
30 62.4+1.07° 9.1£0.57° 23.340.90° 9.9
50 56.6+1.03¢ 9.3+0.24° 20.9+0.28¢ 6.3°
100 53.7+0.78¢ 8.6+0.51° 16.5£1.09¢ 5.3¢

YEach value is mean=SD (n=3).

PValues followed by the same letter (s) are not significantly different at P <

0.05 according to the Duncan’s multiple range test.

IColor difference is AE(L*, a*, b*)={(AL*)*+ (da*)*+ (4b*)*}". The color difference value means between the treatment and

upper one.
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Table 6. Polyphenol and Flavonoid contents of cookies added
with finger millet (Eleusine coracana (L.) Gaertn)

flour.
Finger millet flour Polyphenol Flavonoid
Addition rate (%) (mg gallic acid (mg catechin
(W/w) eq./100 g sample) eq./100 g sample)
control 87.1£3.32 1 37.4+2.02°
10 94.5+3.05¢ 45.6+1.25°
30 109.2+3.14° 59.5+0.38¢
50 126.0+2.85" 84.5+0.75
100 170.4+6.31° 160.1+5.99°

DEach value is meantSD (n=4).

?Values followed by the same letter (s) are not significantly
different at P < 0.05 according to the Duncan's multiple
range test.

1S 2L 371 F719| E2lulE ¥ SRR 0=

BA1T 7FF A7 Aol wE 719 EejHE
ghe o) 108k =AsF ATM= Table 63} 7%;} ;
His % StEolE B tfztof H|slo] AL
= 71t AelolA H7beo] wes SV
A, & 10% H7HA] tizTto] H|sto] E2|HE9
1.094], 30% H7}A] 1.254), 50% H7}A] 1.454], 100% Z
7HAl 1.96817} S7ksl gl EefieolE oS B St
SA7F sl B 10% Z7FA] 1.224, 30% H7FA] 1.59
Hlj, 50% ZH7FA] 2.264)], 100% F7]= tjZxTto] v]sto] 4.28
vl 27159k Viswanath ef al. (2009)0] w2 &7k 9]
F5 #=539HE2 Diadzene, gallic acids, coumaric acids,
syringic acids, vanillic acids 5°]1, £7}2}% 1% HCL H|
g FEE2 E0vE ool =2 ot pH 4, 7 117
3L 99| buffer -§-Hof| 48AI7F T3S wh= 4Hd A e
o= QFgAdo] &=t B 1514t} Dykes & Rooney (2007)
of W2 &7ietxo] Him 9 gddEE F5o wet o
oF3lal =% bound phenolics-2 ferulic acid (64%~96%)1}
p-coumaric acid (50%~99%)2}1 3}th o] 3t Z&| &
1 SofElco|=o) Aejd Ao JFor &gz
&, Fo] a7t £ Ao® UEyti(Chethan &
Malleshi, 2007).
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Fig. 2. ABTS and DPPH radical scavenging activities” of cookies
added with finger millet (Eleusine coracana (L.) Gaertn)
flour.

Ymg TE (Trolox equivalent antioxidant capacity)/100 gram

sample.

DValues followed by the same letter (s) are not significantly

different at P < 0.05 according to the Duncan’s multiple
range test.

92.4 mg TE/100 g, 50% #7}A] 160.2 mg TE/100 g, 100%
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