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Quality evaluation of macaroons added with moringa leaf
(Moringa oleifera Lam.) and green tea powder
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Abstract

The quality characteristics and antioxidant activities of macaroons added with 5% and 7.5% of moringa leaf and
green tea powder were evaluated. Moringa macaroons were more bright and yellow-reddish than green tea macaroons
that showed a strong green color. The spread factor of macaroons decreased significantly with the increasing powder
content. The fracturability and cohesiveness increased in the macaroons added with powder whereas the hardness
decreased. The total phenolics (TPC) and total flavonoid contents (TFC) of macaroons with green tea were significantly
higher than those of macaroons with moringa, resulting in higher DPPH radical scavenging capacity and ferric reducing
antioxidant power (p<0.05); these values increased with increasing moringa leaf or green tea powder content (p<0.05).
Antioxidant activity has a higher correlation with TFC than TPC. The sensory intensities of greenness, grass flavor,
green taste and chewiness were higher in macaroons with green tea than in macaroon with moringa. The sensory
taste, aroma, and texture properties were better, and the overall acceptability was higher in macaroons added with
green tea than that with moringa. In this study, green tea was found to be an excellent ingredient for manufacture
of macaroons with sensory preference as functional dessert bakery products with high antioxidant power.
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N =2 ascorbic acid, carotenoid, polyphenol 52 gAISHE4o] &

H5}31(Saini 5, 2014; Siddhuraju®} Becker, 2003), 3=,

237K Moringa oleifera Lam.y= 237} Moringaceae) e, FEH AR g3 EElA thKumar §,
O Y=o & rr} ibx|oln, Fejd, A7pEE, A 2013). A5 (Camellia sinensis)2] Aolu Y& 71ast] A

o]7} 5ollA AEf=] 1 UtHRamachandran 5., 1980). Z&7}
= A7 ko Qlgf ‘drumstick’ ‘horse radish’ .2, E+=
Thorst gofAaet A B4 EZlo] EXH35lo] ‘Mother’s best
friend’e} £2|0, 53] o] FHoto] JFHE AlA <
T= e - FFERY o] =20 Qa T At
T 42A QK Singhd} Prasad, 2013). 271212 flavonoid,

o]2 =21 H|gh, £7]4 So] ZHsly A=A g
2 ol i} 8 52 7157} S4ato] 71 27 Al
=2F 0}14-0]1‘4-(11111,} Kim, 1999). =X= catechin®& &
A flavonolFE X3St polyphenolS tFF g-3-511L Qlo,
A9 QQ}HOPZ]H]E O]Q-EJJ_(JalswaIQ} Naik, 2017; Nadiah

5, 2015), A1) 7M. B3 EAHES ARARe
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EX 8733 83t gloH, Al S7F A Bt K
15| At Muramatsu 5 1986). FL A5 & P 9
Are] HEE Qloto] 4] A2 =L, Tkt AE
g2t 23 @ Holl eEEWA Aol tieh S+l A&H
2 J7F=l0], 170l tiet AHAES] B EES] DX}
A AR W}l A7 T AR 715 7 A
|tk Baekd} Jeong, 2006).

AdRIES A 43 4 P 511 52 7IdstH HA]
E A5 oh, AR GRAlEY] ol SlojAd
7Vgu] 9pe] 48] ATE HolAle, TAE AEY] nlo]
AREEE 7HIE] 9159 AES sk ARl AthYuet
Ahn, 2018). 7PN A9 URSS] FIEZHS 9L AS
SAIst] o5 213k AES oA Y= Ao E, AEAA=
oleiet 24100 et 7He] TARE AT AoV 5,
2018). 53] Hlo|AY A AlE 153} 59 #slo] weh
2| HAEZL QIZIE B3 AL, AR %, 2014
d 3,7819] ojlA 20164 4,0609 Yo 3F7F OF 7.4%
Z7RIIEHAT FIS, 2017). OIAE A% 5 ob1Ee top
g WYow AZkE AT, AR socl
network serviceE S+ Q50| X &EHA] 0|2 QIgE AH|F
7} 248 HO|T Ak UL ool AL Al
IE] FZAM|F(Petit four sec) IAF F SPUZ o=V R R
REE 0] Eolv, Amtsh YA} A/lElel 4%
it Reele 2A70E ZARE O AlESol s Az
ol 7i=s] 719 HAER WjEIl Qlth(Park 5,
2018). X A v7lE ARZolA] AR AT Io] HE= AL
El2X 47} 7]&X] oA} §Ra-5FH A (Korea Consumer Agency,
2019), 134 ARgo] whE A EAIEo] A71E 4, o]
o wgt 7154 oR 953 AJEo| RE HANEE AR
3 GAE QT} Bus) sl ckPark 5, 2013)

BTk} 525 7154 HolAY AlEe AR &3t
ole] AFES ATRE, R7lQ) RS Hrieh 7719} v
1Z FulE AT DPPH radical 2750] ot A &
Kol Sai, WTE 23} Bio] ror], T % &
&, MU 3% 29 A7Ho] 715 S 9 B4 &4
o ZAA JFFS 20k B T5HCHChoi, 2018; Jung, 2016).
A £4Z J7RE AAEA] Ao|AdAe S E 2t
Hirolt 3ol F7I5181aL, olo] Bl#|sto] DPPHE} ABTS
radical 2AE40] F7IstRlom, =2; 7} BAHA|A 0]
o} Ao 717t 3%, 1% A7kl WAHe 7|55} 71
27| Vet Lee2}t Hwang, 2016; Parkd} Lee, 1999). 415§
A7 BN 271 B maje) Wleo] F7eS o
K5k 2L ZABA, Aol U Sz B8 7
9. 219} =3 B4 Tk ol oJef T 542 7]
S0y AJolg T}

2 7oL Bepriolst 53 Hio] H7lE HAES
S-S Azstel, AREe] BAN WA B4 W Aet B
42 2ABIG. o] HgoR ol A= AFHel 1Y
79k 740] BEEE F7MA713, A% AeHol L e
E4o] 943 UAE AFS 22H B ATt 712
ARE AFSA Sk

Ol

ERTET

yEE 2 Al

o} = 7}5(Woosin Food Co., Ltd., Icheon, Korea), 174
3-Q-t{(Kkomida Co., Ltd., Icheon, Korea), X &7} B
(Grenera nutrients Pvt., Ltd., Erode, Tamil Nadu, India), 7}
2 =X}(Nokchawon Co., Ltd.,, Seoul, Korea), BHCJ
Cheilledang Co., Ltd., Incheon, Korea), HE|(Seoul Milk,
Yongin, Korea), F2Ee. A0 Fejstel Agsleick =
e xR gt #UsH glot Al el F
ARE-51ATY. 2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin &
Ciocalteu’s phenol reagent, gallic acid, sodium nitrite(NaNO,).
quercetin, Iron(Ill) choride hexahydrate(FeCls), 2,4,6-tri(2-
pyridy1)-s-triazine(TPTZ)+= Sigma-Aldrich Co. Ltd.(St.
Louis, MO, USA)9J|A], sodium carbonate(Na,COs)~= Junsei
chemical Co., Ltd(Tokyo, Japan)ol|4] 7+45}311l, L(+)-asocrbic
acid @} sodium acetate trihydratel Samchun Pure Chemical
Co., Ltd.(Pyeongtaek, Korea)?] A= ARSI

[==]] A HTF ol AHdS A A =
= 28 Y fEEFAs 24

=

H(AOAC, 1990)0.& Z}7}+ 33] HiE =351t 7o}
=2} BHFo] $~H G 4= (water absorption index, WAI)=
AR 1 g& F55 20 mLe &3t6lar, 25T, 130 pm2)
shaking water bath(Daihan labtech Co., Namyangju, Korea)
oAl 2083 wRkskal 1087 AAEZ](2,000 xg) SFTH
BT AASIL JAEY] FAE ST &, A= g3 &
TH FEIFOE HASIAH:

Hydrated sample weight - Dry sample weight

WAL= Dry sample weight

op7tE Az

oREEANR o] Ralel i A we] Arlulae
ofu|AAE Sl Bt gFo] 1, AR 75Tt 2
5%9} 7.5%02.2 A1A51aL, Table 19] QJASI] nprka-S A
Zo}gt}. Tant-Pour-Tant(T.P.T., "F7FE A4 H) A5E
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AZste] Aol W &, 2axe} 4lof H=2 FH|stal,
A 55 Sl 118U7H] 255 29 A8 AldS o
Eqtt EZ43IXE HE=HA(DH-200, Guangdong Xinbao
Electrical Appliances Holdings Co., Ltd., Foshan, China)&
o3l &M 147 FPYStAL, M AT HF AHES
2GRt SRl -3 Folrhy 1 32, 5 28, A% 1
£ SAA HEE Azsieict. SdE w2 vl W=
& T.P.T.0 23] &= Lo AojFrA gof2]7h HAYsHA|
oo, At v Syt HeR st 4" vk
W52 B Y] Yol 4AeE FAI8 9= & F, Aol
ZARAA, SIE 140T, oFRE 150C 2] Q8004 1687+ +
- & AR A= A H e 2o E3os HEH
TG g2 A S S5

=]

RLAL]

OiPhEel B0 U HUY A4+ 2

uplg WTo] Buj FANEEOR 35 W Z4sto]
Bgho s Lehfigick. nbhg TTe) 4 A4 AACC
Method 10-50D2] H(AACC, 1983)°0.2 =431t} ulzt
£ BT 1S JhE FYstel 1 dolg 2k, 44
1 WIS 902 SAAA Tl 2] gL $A1E
27} 602 Whrold B A(mm)yE TStk B A
(mm)= 6749] HHE TS AR Aot & Folg 2%
3, thA] Aot 29 $A1E o] kol g S4sle] gl
532 247} 692 o] 73t 3 ofle] 42 olg3to] u
AAA5E AT,

=

N

Spread factor of coque =

PRE 67lell dieh Bt 27 (mm)
UPRE 671l dieh Bt FA| (mm)

OiPhEel HAY 2%

Rheometer(Compac 100, Sun Scientific, Tokyo, Japan)&
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0]83}9] texture profile analysis (TPA) BIHHO =2 7134
(fracturability), -5-%]’J(cohesiveness), L 7I=(hardness)E
ot 54 242 Y A 30%, HolE &= 120
mn/min, |t -2 10 kg, A|=2} ofHE A 5.00 mm, A|
F2 A& 4.5 cmZ 7519 2™, No.14 probe($10 mm)E A}
&3t

nstgel ME 2%

Baby} npplEo] Ml MX}A|(Chroma meter CR-300,
Minolta, Tokyo, Japan)E AR8-6}o] Hunter LZ}(lightness), a
Zh(+red/-green), bk(+yellow/-blue)S ZHz} 53] = 33] wt
B S7oto] HakZ ottt Standard plate®] L, a, b gt
(JEY= VAEL >+ Ad® + AY 02 7313tk

o

sdM

el EE = 2o Bzl M2 vige) s
A B4 ol 2AP| Felo] ABGLST} SPY 47HS
o wrigmol tet E4E Aot BsE NS
SRR & FHARE AASHIATHIRB SIS 1040621-
201909-HR-019-08). TFFE-S A% T WATOA 24417
S4A70 5 AT T8 B B4 ZEL =1
(greenish color), 3=Uj(grass smell), =9k(green taste), THF
(sweetness), 253 (chewiness)2] 743t =& 7HH (1
Ak oefc, 49-8Folt), 789 Aeeh oz Holet
A}, oFEE9] 7|Sk= 9 appearance), A(color), F
(aroma), G(taste), 27 (texture), A AR 7]E = (overall
acceptability) S 7 H=H(17-H1-%- 4ot 48-E5old, 7
H-uje- ETho 2 Hrlsttt. IsHA Z3k= Duncan’s
multiple range testS 0|83} ZF Algat 7k 9-2]%Q1 2}
oI5 ASSHHTHp<0.05).

Table 1. Recipes of macaroon added with moringa leaf powder or green tea powder (unit: g)
Tant Pour Tant (T.P.T) Meringue
Macaroon Moringa Total
Almond Sugar Egg leaf Green tea Egg white  Sugar Water
powder powder white powder
powder
Control 100 100 36 - - 36 100 25 397
5% 95 100 36 5 - 36 100 25 397
Moringa leaf
7.5% 92.5 100 36 7.5 - 36 100 25 397
5% 95 100 36 - 5 36 100 25 397
Green tea
7.5% 92.5 100 36 - 7.5 36 100 25 397




558 ARAEAFREIA A27E ASE (2020)

OblEel ST ¥ SEELOC BY 2Y

vble NS SRRl BT F 500 me Hsto]
80% ethanol 10 mLe} 235}, water bath(55C, 125 rpm)
oA 1AJ7},  ultrasonication(JAC-2010, KODO Technial
Research Co., Ltd., Hwaseog, Korea)ol|lA] 147t & &3t
T LAEF (2,000 xg, 10&)5HAE AL FFHES sodium
sulfate columng EIFA|A $ES A|ASIL, AAN)0 =
s5oto] |uiE 5] A|ATE = 80% ethanol 2 mLoj| Y
834 T 2% 2ol A8tk

721119 SHls SRME S8 Folin Denis’s phenol
method O 2 A5}, Test tubeo] 48] 3|45 A|ZFEN
250 uL, SFF 2,250 pL, Folin-Ciocalteu reagent 250 pLg
o] Zgfola 387 WA &, IN NayCO; 500 uLs 37}
Skal Aol 1AIZE E9F BEEAIFTE 1 & Syringe
filter(0.22 pm, 13 mm)ZE I3t T}2, spectrophotometer
(Thermo Scientific Evolution 201 Series, Thermo Scientific
Inc., Waltham, MA, USA)E AR&-5}o] 725 nmoj|A] &3
£ =759t} Gallic acidg BFEAE ARl HAFAS
25k, ZHE SFFE mg gallic acid equivalent(mg
GAE/g macaroon) 0.2 YERH L. niZhgA110] SEehh
o]t 312 Abdel-hameed(2009)2] HI'HS -2-85f0] =4
Stolct. 2vl] 3]AgH A8 32N 250 pLofl F57< 1 mLE 7}
Sho] 5EZF ®HEX|5HAL, 5% NaNO,2} 10% AICLE ZH2 75
uLA driste] wRkRE F 681t ¥RSAIFTE 1§ IM
NaOH 500 uL2} S5 600 uLE 7}5lal Syringe filter
2 o3t 7 510 mmolH FHES 2SI, BEE
2L querceting A83t0] AFHL Ao, FEeh
ol 32 mg quercetin equivalent(mg QE/g macaroon)
o= Uyl A¥ETE 43 WEslel BRI} FEH
2 LR

0p7LEe] eitet 24 =3

k2 71719] GAKSE B438- 2 2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging capacity(RSC)2} ferric
reducing antioxidant power(FRAP)o| oJ3t Shlgg =75}
of 7131IT}. DPPH 2htizr 2745-2 AR 229 100 L,
ethanol 900 pL, 0.15 mM DPPH solution 1,250 pLE &3
Skal, FAof A} 3087 WEX|RE F, Syringe filter= of3}skar
517 nmo A ZHEE 24513k DPPH RSC(%)S o
o] 4% olgste] P 43 WRE ST GHEo) W
HEHAE eI

DPPH free radical scavenging capacity (%) =
Absblank - Abssamplc
Absblank

x 100

FRAP+= Benzie@} Strain®] B (Benzie@} Strain, 1996)&
Hgslo] =431} 300 mM acetate buffer(pH 3.6), 10
mM TPTZ in 40 mM HCI, 20 mM FeCl;-6H,O& 10:1:1
(vvIv)2] HEE E315to] FRAP reagents TH50] ARG5S
t}. 108) S)AISH A|Z32EM 150 ul?} FRAP reagent 4.5 mL
£ Z9et H 37C 2] water batholA] 427t BESA|7]| 1L, 593
oA TS 24519t EFEZAEE ascorbic acidS
AREsto] HEFRA-S 2A51al, FRAP values mg ascorbic
acid equivalent(mg AAE/g macaroon)Z UERJITE A2
I 43] k2 23t S| Wt RENAR Ueoi

SHAz]

AT ZAT= SAS 9.4(Statistical Analysis System, SAS
Institute Inc., Cary, NC, USA)& o]-&5}o] EARLA(Analysis
of variance: ANOVA)< A A|5}1, Duncan’s multiple range
testQ = 7} Almat57ke] 524l 20| & p<0.05 S0l A
AR Sl SETEC|E g hiket 47t
AAE SPSS SAZE 725, IBM Corp., Armonk,
NY, USA)9] AFaA E-A(correlation analysis)= A5}
Pearson correlation coefficient(r)?} -F-2J&&(p-value)E T+
313, 0=0.05 E+= 0=0.019] Fol5ZolA AA5HA

2 ¥ 23
0p7tEe| Mot oft

RY\%} A BAE HI oY) Mt of A
S Table 2 9 Fig. 13} Attt Y& YeERE= L(lightness)gk
< &2 IPRe(CREEREE 100%)0014 7Fd &3, 2R7t
o =3F B il S7Fdrs Lak A4asilon, =
F7F H7Rto] =2 7R w2 B Hth AN
£ YEH= a(redness)ZFS 2371 5% A7} upplEo] 71
F31(p<0.05), = (greenness)= 4 H7Hgo] 7L
5 52 A% BoH, =21 F7to] Y7t A7REE
Fo202 B ek (pe0.05), ok ThIE 2 Al
2 3o} BUsIGich. P (yellowness) LiEhh bate
2 mFkEo] 7P Wal, BTt HIlto] wx; HEE
o fFoldos w2 FHEE YERHJOU(p<0.05), &
719 S7Hl T Aele A (p>0.05). HFHE-9] 2
T A A3e} FARH, tiEat vPkeol 78 ¥, =
A} 347F nFRe-2 wA0] AIstal, K7t 7t uiphe A
¥} A o] Apoks StomE WA & QUSItkFig 1). vt
Y FAESQ] of2Eet FAES] RE7iel =} EHe] A4
T 34 29 L3t agh oHEE > =31 > BT R
0=, bt H7t > 53 > o2t B 0[] O 1(Table
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Table 2. The Hunter’s color value of powders and macaroon added with moringa leaf and green tea powder

Color value Almond powder Moringa leaf powder Green tea powder

L 82.35+0.4812 61.39+0.58° 64.49+1.77°
Powder a -1.58+0.12° -9.02+0.07° -6.45+0.17°
b 19.68+0.38° 30.9440.19* 28.32+0.46°
Moringa leaf powder Green tea powder
Color value Control
5% 7.5% 5% 7.5%
L 84.89+0.60° 66.16+0.25° 61.28+0.21° 61.58+0.58° 61.08+0.30°
a -1.10+0.04° 2.05+0.18° -1.04+0.16° -3.64+0.05° -3.83+0.00¢
Macaroon
b 9.23+0.26° 22.16+0.30° 22.98+0.34* 19.9140.17° 19.76+1.13°
AE - 23.01+1.04¢ 27.36+1.09* 25.79+1.11° 24.25+1.75°

YEach powder value is meantSD (n=5), Each Macaroon value is meantSD (n=3).
YValues with different superscripts within the same row are significantly different at p<0.05.

(A)

Almond powder Moringa leaf powder Green tea powder
(B)
Control Moringa leaf powder =~ Moringa leaf powder Green tea powder Green tea powder

5% 7.5% 5% 7.5%
Fig. 1. Photographs of almond, moringa leaf and green tea powders (A), and macaroon added with moringa leaf and green tea powder (B).

sitived}al B9HY5}9], olive brown A& W= pheophytin a

2), ol B H7} vlgo] ME 2 Avel o A

= H3th

EAEo] 7P & FF= T chlorophylle Hxjoll=
1.12-1.89 mg/g(Ostadalova 5, 2015), T 1.70-5.92 mglg
(Lee Z, 2010), B27}e] Etol= 629-7.21 me/g(Saini =,
2014) = 2.33-5.32 mg/g(Wasonowati 5, 2019) $H3-=]0]
Qict. AEA9] chlorophyllS ZA91 chlorophyll a} &=
A9l chlorophyll b7} 9F 3:19] H[&& BEEH, AA7 |7 5
At FA T 710 =E5HAY SAETFAA o) sen-

@} bZ decomposition®]™, chlorophyll b7} chlorophyll a&
o} Az o2 oFYSItHLI 5, 2018). AlE WHjEE =310
chlorophyll a®} b9} H|E&-2 ThF5lH, Lee 5 (2010)] H 1
o oshH & 1671 =4} 5 3709] A|ZOf|A] chlorophyll a7}
Ba1, 0]2]9] A|=ofA= FAFSHEAY chlorophyll b7F RS
o, Li 5(2018)2 £=At &=2]= chlorophyll b7} akt} EX]
Tt pheophytin a®] $FFo| o}, chlorophyll aZHE]
pheophytin a= 2] o] Aofit2-5 H skl Qitt. ®7t
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Htofl= chlorophyll a(1.70-3.59 mg/g T 4.98-6.45mg/g)
7} chlorophyll b(0.61-1.73 mg/g EX 1.30-1.76 mg/g)Hrh
3u) A= =A EE5F QIrkSaini 5, 2014; Wasonowati
5, 2019). 3 Aol Hg7hQl o] xR TR 7%t
S Hl=t, ol BEr7t £To] SRR AtE
O =2 total chlorophyll E+= chlorophyll a5 §F35}7]
HEQ Ao A, vhy, ulplE ¥iso] QB4 9
Al &% 237 F7F nikeol =21 A7 uizkeol Bls)
B R ZAETF AAsHlET, ol ARl o
9] =2 219 93} chlorophyll®] pheophytin® & Z&E]
11, o] MghEo] 7t M7} upheolA w71 el Ao
Yz,

T3 vk S QBN g oA ARl A
Bo]| 9Jgt caramelizationt} TG} o] L= SISHE(THNE, of
o)Al HWEelo|E)of| Q)5 Maillard ¥ES0] QJ8) %7} 27}
El=d), ol):AF F- Lysine(Lys), Glycine(Gly), Tyrptophan
(Trp), Tyrosing(Tyr)2] O = ZWs}e| JFE vzt
(AshoorT} Zent, 1984). L G Hurof| oJahy melrlst
o] THIATE30.29%, Moyo 5, 2011)0] L=[Euk(15%,
Chacko 5, 2010)2c} 28 A Wy, RErMEdho] 05
Gly(1.533%), Lys(1.737%), Try (2.650%), Trp(0.486%) 3+
o] (Moyo 5, 2011) =2} 0] Lys(0.016-0.024%), Gly
(0.003-0.004%), Thr(0.015-0.028%), Thy(0.017-0.027%)
(Su 5, 2019) FFEE AAS| Wol, uphs ARA] 2 =
9] Qox] a7t A} nirige] 2Pl o o) A%
Fjo] =3} 7} ohERt FAa AT} T, oo
2% 7o) 7 Ao el

o7tEel HEY

EF7F B SR 28 olEERT diH] 47 5%¢<)
7.5%% A7IRE nFEee] M Aot #uE S A3
£ Table 30 UeRIITH B A7 5%2] HPEL b=
= o] HAGET oA o® FATHp<0.05), EH

A7Fgol 7.5%2 S7FPH #dE Aaste] 22 &
oAl Aol= AUTHP>0.05)(Table 3). T 5% M7kt
Ae 2357 ke B AG7E sA i REE L 7214
02 AT (p<0.05), 7.5% H7RElA= ReZQl Zpol7t
AATHp>0.05). HYFS QEA T5S H+= oA
W20 S} 24AT A0l AR WO, S
Wash 93 WES A 7k dofdriDocschers)
Hoseney, 1985; Finney 5, 1950). HJAIS Hk=0] -B3lef
I FAdo] o, Bk i 0 o] =11 ARrE
EAsHE A&7t 2ot A X477t oML, ESEol
W AgrE EA6HE HErt o A Ags Roxl
THKim, 2017; Miller 5, 1997). ESE HRIAL g0 A
of ojef Qe worz, FAlz W HAR| whl, Aol
84 B, S0, T S0 50 AR WS % 9]
thKim, 2017). 20| FEHEE 27} > 27} > ofmE
249 02 {2l Zol7t Ui, RIS Ao B
7} o] ST T £kt Table 3). R7HET =4;
P} SRS of 29 1, At of 29 vtk
B3 QIek(Shokery &, 2017). 29| SEolefa o
A 9 Adaagtde] ke HRAdd ¥ & 4 3loH,
FRhgoe] woH YA E 76k, 5% H7RollA
+ IFFE9] H3Ado] S7FsHAIRE, 11 oo ' H7teHA H
H, 0o SR ARt Td S Stk B9
TEE-E0] S7EWA, B AR E7t EolA AL f-57/30l
gt 94 A=E 7HAA st 5% 7ol Hs mF
o] & A o7 AZFEHDoescher?} Hoseney, 1985).

O7t8e| EAxie 2|

Rheometerg ©]-83t0] n7Hso] BARE St 23,
Y A7F RS dETED FEe WAl #ARAET &
A2 =S, THTable 4). R7t 0] Aol S7istd
UPREe] FARAAN e FolHoR sl (p<0.05),
AT A7F v RSoldE o]l Afols §iAIRt 71

Table 3. Spread factor and volume of macaroon added with moringa leaf and green tea powder

Macaroon Powder
Moringa leaf Green tea
Control Almond Moringa leaf Green tea
5% 7.5% 5% 7.5%
Spread 3030072 4594018 3.77£0.07°  4.06:009° 3.84+003°  Water absorption D 32140120 1.7940.05°
factor” ’ ’ ’ ’ ’ ) ’ ’ ) ) index (WAI) : ’ ’ )
Moisture

Volume ab c d
27.77+0.96” 25.00+0.00° 22.22+0.96
(mL)

28.88+0.96* 27.22+0.96"

C a b
content (%) 4.00+0.05° 7.01+£0.04" 4.31+0.20

USpread factor and volume was measured with macaroon coque.

YEach value is meantSD (n=3), and values with different superscripts within the same row are significantly different at p<0.05.

3. not available.
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Table 4. Texture properties of macaroon added with moringa leaf and green tea powder

Moringa leaf powder

Green tea powder

Macaroon Control

5%

7.5% 5% 7.5%

Hardness (g/cm®) 6,662.20+530.70"%

Fracturability (g) 420.87+167.33°

Cohesiveness (%) 2.4240.59¢ 20.68+5.74°

5,516.80:£959.74°
8,692.96+2,103.05°

1,144.86+88.32° 881.08+81.70° 927.81+55.85¢

1,800.85+247.00° 1,634.51+249.63°  1,353.31+248.76°

22.22+1.20% 27.26+1.66" 26.00:£2.84

YEach value is meantSD (n=3).

DValues with different superscripts within the same row are significantly different at p<0.05.

o] BeSE BANAL W Auk S5 %S BY
THp=0.05). AL BLANE F70] mE fojH9l 3
ot AR, 7} BEoIAE S5k A Hkge
A gasle TS BATHp-005). 1S 2Age
W FARS FF D AMIE SRUL 4L
%, o 4R 5o o8] A4S WA H=u(Kim, 2017), 3}
o BEplo] TR Hfde] Jof T1E WS Vel SE
B8] S7H5PA B, WAL FAHAE, Tk vo}
SHHS Z7HH Slo] WA Zuer fARHA
3 24740 B 7H A0 BAETHTable 4). £
Rt map7lo] Hls) Sl ol Falol o], 4
Hog wxjuige] ML AW UHtke Zoj5T,
2=gpo] B4o] 2705 202 BT ol Park 5(2018)
o WA RE] Hlol ols) uplEe] Awrt At B
T3 A7t SASHGc
ulgel Role gadd vad o 53 Al2se
St foJ2Q Hol7k YAt (p>0.05), BT A7HES £
JHoz AL 1S UehfIp<0.05), HX9 Y71
wao] Wkl F7KGE AABlIcHp<0.05)Table 3).
UG B AR A9, B3 R H3)(27.22-28.88
mL)7} 27} uRE(22.22-25.00 mL)Et} Solx oz Fct
(p<0.05). PPHE-L 7]20] o 2 AR MFS A A
By 7124, 7129 PHS We] WA} 7|2
o] S WH=THTL LA Qs (HongT} Lee, 2015; Kim,
2003), $EESA47} B Bt B Aol e 2
Sof w3 712 BAo] s 48 Fgo] Aol wA 7%
E7o] Yo kg m110] Huje] Wifo] 7ad Ao
2 Az,

N
4

i

o o ¢

op7tEe| AsEH

Hg7iet =2 92 7R kel e B4 Ak
o} 713 HARE AASIH e, 1 AY= Table 59F 2t}
71E9] =A9] X3t Fr= B Hrlgo] S5 ot
I, BYHETE XS AR vptel] =Ao] Ziot

A Wrheol, 3t 7.5% W7t HhEY B89 AT £
4O 8 6.099 % W4 WYOH(P<0.05), ol 4
= 3} g QHSrK Table 3). FEheh o] P A=
L =3} 75% > B3 5% > BT} 7.5% > BT} 5% >
o] O, LxEmo] 7bl E40] Fujet Fite] 4l
3 757t Beizhacks gstel Az whge] o A
o et ThlgY EST HEt B2 17} il
A Som(=H 5% A2, FUT Bl thef =3
nhge] Bl gnt 48k, 1% R4 7.5% uple
o] EES JE/ 7 ZSIAORp<0.05), BT B} kS
o 5] At WYPAGTE eSS bl Uebgeh

o8] 715 ZIAL A et uplgo] 71
O HSE W v, B ArlRE 27t 7.5% A
7hto] 7V W HA4), A 7.5% Frho] B A4
(5172 ekt tiE npEe] MYASe} vkt
1 QAR 0phEel B3 7.5%2e] S| EEst R 4
2 1 v W4 A} R} oplE o) 7|z
2 Jake & Aoz Az Ay 7|TEE gaely
7V 3, B Hrke] B3 Akt 3, B
Tego] F7VI4E Aashe %S Rt HEz Zol
B3 SRF o] il 7|3 ES S7HIK] i, mat
o} =X Wbz QI obEaL 4% BT AL AT
°® 73EE AL AR Bl 1l P2 715
S oA g i, w3 Wkgo] Bt Wkan
oF L A%, WS B3 BIHoIA Fg A Bohelol,
wapEre] FEoh Eto] Pt %] 7S 9 Aow
QI 2A0) FSEE w1 7.5% kgl MY &
1, ko7 BT} 7.5%, =2} 5%, iR, 2EH7T 5%Y
Fojgiom, of welze] ZEG o] FrEgsot f4t
3o, blge] BET ARt AUSE 24 7|5
£8 27 A0R Bl WAl 7| Ews B 4
7} np Bt 5% A2)e] tErct E9om, F, %
2ARY] 7|55} S B2 W7t ooge) A A1
©7h 9kt
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Table 5. Sensory evaluation of macaroon added with moringa leaf and green tea powder

Moringa leaf powder Green tea powder
Control
5% 7.5% 5% 7.5%
Greenish color 1.04+0.20¢"? 3.4540.95° 4.85+0.83° 4.98+0.97° 6.09+0.95°
Grass smell 1.4340.85¢ 3.77+1.39° 4.49+1.52° 4.62+1.41° 5.19+1.30°
Sensﬁlﬂyenngme Green taste 1.340.84¢ 3.9141.57° 4114137 4.66+1.32° 5.70+1.27°
Sweetness 485137 3.87+1.44° 3.89+1.06 3.89+1.31° 4.00+1.27°
Chewiness 3.4741.25° 2.23+1.09¢ 5.68+1.09° 5.30+1.38° 6.26+0.82°
Moringa leaf powder Green tea powder
Control
5% 7.5% 5% 7.5%
Appearance 5.38+1.24° 5.07+1.07° 4.38+1.24° 4.72+1.16% 5.17+1.28°
Color 4.98+1.33° 4.80+1.38" 4414138 4.34+1.06™ 3.95+1.36°
Sensory Aroma 4.75+1.40° 4.16+1.16* 4.18+1.59* 4.45+1.23° 4.57+1.30°
acceptability Taste 4614115 44041 57 4614137 4824127 4.9741.26°
Texture 4.44+1.19° 3.65+1.07° 5.35+1.18* 5.03+1.17 5.53+1.28°
Overall acceptability 4.75+1.30® 4.15+1.41° 5.00+1.38* 5.18+1.22° 5.10+1.53"

DValues are expressed as the mean+SD using 7-point hedonic scale (1=extremely weak or dislike, 4=normal, 7=extremely strong or like).
DValues with different superscripts within the same row are significantly different at p<0.05.

07rEe 20E ¥ SE2EL0|E BE

Bl 53} B WrkFe Defslol AL kg
s 9 S5 o|E S Table 63 2t} Fvls o
F2 54 7.5% > =2F 5% > BEg7t 1.5% > HPg7t 5%
> g gl 02 fojHom Fom(p00s),
b m7hgo] BR7F R 2.014H](5% H7h-3.118)
(7.5% A7h &1L, 2% A7Ho| S7HrE foldes &
7FlAtH(p<0.05). FETE ol o EJF =4 nlE
(2.72-4.05 mg QE/g)o] 27} ul7[E(1.79-2.45mg QE/g)E.

oF =3toH, B ko] SR fojA o R SISl
TH(p<0.05). Nadiah 5(2017)°]] &JsPH =x}19] kst &
gt -ol= SkEke 717t 136.51-231.23 mg GAE/g®} 27.57-
61.67 mg catechin equivalent/g|1, x}9] polyphenol
flavanol, flavandiol 5-2] flavonoid2} phenolic acid© 2 T4
=, flavanol?l catechin total phenol content(TPC)2] 2F
74.45%% ARt} BHH, HY7E9lo) FulE TR 36.02-
45.81 mg GAE/go]1l, quercetin?} kaempferol-S E3oh=
flavonoid E=F2 15-27 mg QE/gC & H T3 Qti(Sreelatha

Table 6. Total phenolic and flavonoid contents, and antioxidant activities of macaroon added with moringa leaf and green tea powder

Moringa leaf powder Green tea powder
Macaroon Control
5% 7.5% 5% 7.5%
TPC (mg GAE"/g) 0.29+0.01°Y 0.7520.05¢ 1.01+0.01° 2.01+0.02° 3.1120.14°
TFC (mg QE”/g) 0.36+0.09¢ 1.79+0.14° 2.54+0.15 2.72+0.24° 4.05+0.10"
DPPH RSC (%) 5.10+£0.44° 76.73+1.48" 78.11+0.26° 80.56+0.69 82.14+0.20°
FRAP (mg AAE”/g) 0.15+0.07¢ 0.54+0.12° 0.69+0.10° 3.48+0.10° 4.20+0.22°

UGAE, gallic acid equivalent.
JQE, quercetin equivalent.
YAAE, ascorbic acid equivalent.

“Each value is meantSD (n=4), and values with different superscripts within the same row are significantly different at p<0.05.
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€} Padma, 2009). W2hA|, =A7F RR7HQIET B2 poly-
phenol¥} flavonoidE THoIEE, HY7RIETHE A&
W gl Bu 9 FEeols gl ¥
B Wil 271 o w9k

op7tEe| eitat &

HG7F = =2 B9 AU np ke AR 2482
DPPH RSC2} FRAP valueE =7%J5}o] v}l tHTable 6).
DPPH assay+= free radicalo] A|&.9] gHAlst Exlof o) 3t
Y=o radicalo] FAEE JEE o] AR A}
24S H7l51H(Blois, 1958), FRAP assay= 442 170
A ferric tripyridyltriazine(Fe*-TPTZ) E3H4|7} ferrous
tripyridyltriazine(Fe* -TPTZ)2 $-Eo] AL Ho] =
L2 FAFsS =43t BenzieQt strain, 1996). Ul71E
9] DPPH radical 245 &4} 7.5% > =2} 5% > 237}
7.5% > EH7F 5% > Q2T £0F foj¥og =311
(p<0.05), =X H71H80.56-82.14%)0] HFY7} H7NE
(76.73-78.11%) Bt} QoA 0 =9Fon(p<0.05), Bt J
Thepo] Z7K4% GO0 Z7H5Hthp<0.05). FRAP
value= =X} 7.5% > =2} 5% > HH7} 7.5%, 287} 5%
> o H7HBY] 0 R(p005), S0 Byt B 7}
%ol Z7RU4E FRAP viaueZh 5 AL BRI, 4
7} u7}20] FRAP value(3.484.20 mg AAE/g)7} 27} &
7} n71E(0.54-0.69 mg AAE/g)HTH F-oH 0% A LEt
witt

3ol HFRt F579 polyphenol@} flavonoid7} T
o} 9lol =A12] TS FOHL A Qs 53] 3
o cateching 724 37] olAte] S4ISp\E 7RIS 24} B
o5 &9l AR}t S S7HIXITHJaiswal2t Naik, 2017
Nadiah 5, 2015). 237119 phenolic compound= thH-E
quercetin®} kaempferol2 ZA|5}H, electron donorZ4 -4
A4S Wk YAl SRIER HTAAH FRA AaEke S
SAA 0 ZH AR &4 F71o] 7]ofjittal B s

th(Siddhuraju®} Becker, 2003). ©bA] FALSE Z2Q1 poly-
phenol¥} flavonoid o] w2 =27t 3714 vizkgo]
g7} A7} vl7lE-Ett DPPH RSC 9 FRAP valueZ} =11,
Bt H7)eFo] v]dsto] DPPH radical 2453} FRAP value
7} 271 Ao & HQItK(Nadiah 5, 2015; Sreelatha?} Padma,
2009). Choi(2018)= 2719l Bk Hrlslo] 7|15 A%
ShH = T=F 4 DPPH radical &~750] $713Htal st
A3, Lee?t Hwang(2016)2 AAHXZ] Ao]79] A FoJA =
A ELe] Hrigo] S7HEE SEY e € SETE 0]
T e DPPH radical 2A5E Z715kcka 619t

174e2] FHZHTPC) 9 FEE 0| F=KTFC)
DPPH RSC2} FRAP value®] AHHAE 435 A3, vzt
9] TPCE= TFC, DPPH RSCE} FRAP value®} A= 9F9]
A EAIE 7HA 2L ItK(Table 7). TFC2} DPPH RSC, TFC
9} FRAP value®] r2 ZFz} 0.9199} 0.963°0.2 o|E 7l
735 ¢ AHAE YERICH, TPCLF o529 At
Al 1)1 0.8273} 0.546 0} =2 & 7HEE, TFC7} TPC
B} npphae] Akt &4 STt Atid e g =74 7]ofst
o] ZRI=qltt.

[e] OF
= =

MR ] Bt 3 BT vt 7.5% A7t
3 oIS AR, B B 54 9 P8 TS
BRI0, B A S A BN, w5 At
VRS JE RN Holrk slEe] WYY BT At
24 Z718te] BY7F 5% W7t vpRgol 1 1, At
o] Z71ekA Gashe A HAT 1l Hult
2} o1 ERe SR W Bt nblge gt
ek et vliste] Bt W7t ublge] S A
WYL Z7RIT S BASGT, RRAR] eSS
BARGE Aaste A% BT S TS BE Y
7} kgl daRet RYHOE E(p<0.05), A vt

Table 7. Pearson’s correlation matrix between the contents of total phenolic and flavonoid, and antioxidant activities

TPC DPPH RSC FRAP value
TPC" r=1 ; )
TFC i ' '
DPPH RSC o7 o550 ! '
FRAP vl s i 000 -

l);FPC, total phenolic content; TFC, total flavonoids content; DPPH, free radical scavenging capacity; FRAP, ferric reducing antioxidant power.

correlation is significant at p<0.05, ~correlation is significant at p<0.0l.
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7}20] 27} ulpEELh 2.0181(5% A7H-3.1180(7.5% 3
7h 11, B Arlgo] VRS fold o STt
(p<0.05). £Za}tH o]T R =2} ulrkE(2.72-4.05 mg
QE/g)o] EF7} ui7Fs(1.79-2.45 mg QE/g)Eth &3tom,
B4 J7Fo] 7SS feF o R 7 tH(p<0.05).
DPPH radical 2752 =3} n}712(80.56-82.14%)0] T
7} O FE(76.73-78.11 %)ET} E=11(p<0.05), FRAP value:=
=3} 0l7HE(3.48-4.20 mg AAE/g)0] R &7t ul1E(0.54-0.69
mg AAE/g) BT} E9F0H(p<0.05), B8 H7lefo| Z7fak4:
£ FoH 0= F7H6ISItHp<0.05). HFFEo] =4, S, &
gk, 253 2279 B4 Axe =24t upkeol &1, 7t
Fo| HZE A= Tk AR Bioh o, At
T 7155 = dE2 vpkeel 7Y =1L, B 37 ke
o= ke HE7t 7L AR wAF HUt vl St
= 4TS 2o g 2379 7|3 ks mAEREol &
1, B i) S 52 A4E ko, [AAA
?l 713k =2} upplkeo] Bt vpte et Eokth B
71l E= =2 Bigo] b nple 2535 27 &
9 3t st AUH, HEgRiE) SeiE o]t
o] o} A}t Y7} =2 7]5/do] $<4oh, E5] 1
7VEE= =2t A71_E uikaol vt 3, 227t AAAQ1
71557} 4ok, AkstE o] =2 7|54 HAE HolA
g AFo=AY AFt == AR AZHHErh

e =

2 ATE 2018W% dhtefeha SRaAtu] 2ol ofs]
o|Fojx Ay} oo ZA=HUt},
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