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Physicochemical Quality Characteristics of Muffins Prepared with the Addition of
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ABSTRACT

This study analyzed the physicochemical properties of muffins prepared using Andrographis paniculata (Burm. f.) Nees
powder. Compared to the control group, as the amount of Andrographis paniculata (Burm. f) Nees powder added to the
muffins increased, the moisture and crude protein contents increased, but the crude fat content decreased (p<0.05). As the
amount of Andrographis paniculata (Burm. f)) Nees powder added increased, calcium, magnesium, manganese, and selenium
content increased. Muffins prepared with Andrographis paniculata (Burm. f) Nees powder had the highest glutamic acid and
lowest methionine content. The color values of these muffins showed significantly decreased L (lightness) and b (yellowness)
values. As the amount of Andrographis paniculata (Burm. f) Nees powder added to the muffins increased, the total phenol
content and total flavonoid content significantly increased from 38.97 to 52.23 mg GAE/g and 24.83 to 269.50 mg QE/g,
respectively. Addition of 2% Andrographis paniculata (Burm. f) Nees powder to the muffins resulted in the best flavor, taste,
texture, and overall acceptability. Currently, Andrographis paniculata (Burm. f.) Nees powder is not commonly used in pro-
cessed foods. However, based on the results of this study, the utilization of Andrographis paniculata (Burm. f) Nees powder
in the manufacture of functional foods can be expected to increase.
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ek = ok S w3l gk A= Al (Joo SY &
2006), WA (Kim KH % 2009), ErHs(Yang SM 5 2010),
W (Hwang SY & Choi SK 2015), ¥4HJung YM 5
2015), "= 2 (Yoon JC 5 2023) ¥ 2T(Yoon JA & Shin
KO 2024) &2 T2 H7lete] v FAs2 F4 549
ek =iee] HaHA

A H(Andrographis Herba)S F18]gZ3(71A] 2,
Acanthaceae) 2| &2 Y82 Andrographis paniculata(Burm.
f) Neeso|H, o}z LB odAl= Bagh A9 7154 ¢
solth F=ro] ool ot ke 719 o] FAAE

JY & Park CA 2020). o %€ 4]
€2 3k, ol 2 B 2] g Fiso] glom, A7)k
o, 1%, d¥ 89 55, VIR A=, AL 1Y, &F
(iR, T 2 SAF 29 T S AHSET . BaiE Rl
THBum HB & 2010). 4% 2] <lofl= andrographolide, neo-
andrographolide, deoxy-andrographolide, homo-andrographo-
lide, panicolide, andrographan, andrographon, andrographos-
terin®} andrograpanin 5-°] %o i, Ee]o|= andro-
grapholide €]l mono-o-methylwightin, andrographin, pani-
colin, apigenin-7 5-°] &= glom, HAxd= oleox=
14-deoxy-11-oxoandrographolide”} %] 2 thJung JY &
Park CA 2020). < 499 Fejatgo2= 1t KSR S
(Handa SS & Sharma A 1990; Ram VJ 2001), &4tsl &5
(Trivedi NP & Rawal UM 2001), &% 2}-&(Gabrielian ES 5
2002; Coon JT & Ernst E 2004), gHule]#] 2~ 2H-8(Gabrielian
ES % 2002), & AYE 2ZH&(Singha PK 5 2003), W =4
ZF8-(Puri A 5 1993; Kumar RA 5 2004) 2 g% 8%
(Borhanuddin M 5 1994; Reyes BA 5 2006)°] o™, A
Al ¥ao| A E2]% xanthoneA| A EollA anti-malarial &
5(Dua VK 5 2004), It HSA 2 JFH o2 ARRE 3 9=
silymarin 2T} andrographolide®] 2 &3/} Bl & f&3lch
3 B3l thShukla B 5 1992). B3+ A4l 9] &3} v
FAw HE gao] oIk A5 (Hwang UK 2023), 3HEA| A <]
dd A A 24 digk £3 A74Kim JM 2024),

T(Poolsup N 5 2004) 5
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=5 o] E3EA] &S 100% HAH ABE 52
Z(freeze-drying)A1Z] S A|EoZ AlE3IHon, H
Z38t3}8KDuksan General Science, Seoul, Korea)S =3
i3kt 1 elof] WA Az Al e Y s v
(CJ, Incheon, Korea), A®H(CJ, Incheon, Korea), W E](Lotte
Co., Seoul, Korea), &Z(Chakhan Co, Gyeonggi, Korea), H
o7} I-9-tJ(Sungjin Co, Gyeonggi, Korea) % ZA(CJ,
Incheon, Korea) 5= AF8-33A )

L
ox ot

S V)

10

5t | M= & M=z g
Hye] HAH B 7t ¥]E&2 Yoon JA & Shin KO
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d B i g
& Fig 13} 2t} v
T, A" 2, vlolAsheH e Adsision, A9, BH,

3= %= hand mixer(DretecHM-
706, Guangdong Xinbao Electrical Appliances Hold-ings Co.,
LTD, Seoul, Korea) 2 1% 307t WF=3F T2, 40 meshol|A]
A AsCEE, JAE B, oA e)ES Y1
3033t Wwr=atgith w3 W2 50 g w3 Eol] Ha, o
d¥ 2 E(SPS43K, Smeg, Seoul, Korea)oll4] 15%3F 170TC
AN T v Ao} AdelA X3 R 7, AIRR

24, aouw sal no]E]

A7kt ol g ARk
AOACH(AOAC 2000yl 2Jsle] AAJEIT) 4
drying oven(BF-150C, Biofree Co., Seoul, Korea)< A}
105CollA st 7HE dxste] Skt x3]%
213 3P o] &3t st on A 5E §F AR 3
3} 7ol ?e & 550~600CE G 3|8 2(KL-160,
ADVANTEC Co., Tokyo, Japan)E AF83l] A5 2 A7} 3
WAalo] =5 4AIZF o] F|SAIZ] T HA Al E oA W
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Table 1. Formula for the muffin with Andrographis paniculata (Burm. f.) Nees powder

HolA| o} Akt

Andrographis paniculata (Burm. f) Nees powder (%)

Ingredients (g)

0 0.5 1.0 1.5 2.0 2.5
Wheat flour 32 31.84 31.68 31.52 31.36 31.2
Andrographis paniculata (Burm. f) Nees powder 0 0.16 0.32 0.48 0.64 0.8
Sugar 19 19 19 19 19 19
Butter 21 21 21 21 21 21
Egg 27.4 27.4 27.4 274 274 274
Baking powder 0.5 0.5 0.5 0.5 0.5 0.5
Salt 0.1 0.1 0.1 0.1 0.1 0.1
Total 100

Weighting ingredients of muffins |
!
Sieving for soft flour, Andrographis paniculata (Burm. f)
Nees powder, and baking powder
!
|Mixing for sugar, salt, eggs and butter to 1 min and 30 sec|
l
| Mixing for sifted ingredients and knead for 30 sec |
{
| Filling 50 g in muffin cups |
!

| Baking in oven at 170C for 15 min |

Fig. 1. Making processes of muffin by cream method.
o) Zeld g BAe okl 247 (Kjeltee TM 2300,
FOSS, Hoganas, Sweden)E A8-3}91 21, Kjeldahl &4~ 2F
tHS_-L 01_9_-3]_0:] D}Hﬂ;ﬂ 3?:]./\]-74]:}:0 6.25= =35 }.oq lﬂrﬁﬂ;d 61—
S =2)3AT) ZA W S B4 L Soxhlet FEHES &8
st A B497](SOX606, LABTECH, Seoul, Korea)E
gl SR

4. 271H g =4

A Bg H7ie oo digk 7714 &3-S Kim
HR 5(2007)°] A|A g WS Wigste] 2, 72, &, v
vl B3k A, & 2 oS AT Al A

= l‘fﬁ g o Bste] FHFE 50 mL7HA] A8 o, ATE
F o7 AMESIoH, AlRE HUkeA] &S FARE F
A3k o 2 ARAste 2] FallHe wek AAlsTh A
A 2] ok Alg-8-ll2 AgFF=A AAS(Analyst 700, Perkin

Elmer, Norwalk CT, USA)ol| F438le] EAslsion, 7 &
714 9] e mg/100 g&2 YERJSITH

5. ofo|=tt =Y 4

AAE EEE 37he oA tigh opn| At A EA4S
7| 2R dA T AT Alee BT
< #3 v, PICO-TagiHoll 2|3le] phenyl isothiocyanate

(PITC) labelingS 2 A]8}33E}. PITC labeling® A EE- 400 uL
9] buffer(1.4 mM NaHAc+0.1% Triethylamine +6% CH;CN;
pH 6.1)0] =91 The, 504 10 iLE 5t RP-HPLC
(Waters 510, Milford, MA, USA)dl F<Usle] EA 3.
Waters Pico-tagcolumn(3.9 x 300 mm, 4.0 ym)< ©]-&3}o]
41 A{140 mM sodium acetate(6% acetonitrile)} 2} &1l B
(60% acetonitrile)E 1 mL/min F-&2.2 AF&-31%9 T} Waters
2487 UV detector(Youngseong Techpia, Incheon, Korea)&
o]-gste 254 nm WFA FFEE A FATHYoon JA
& Shin KO 2023).

M

=X
= o

Aol gk pH S A5 &
) Fstd S/ 90 mLol| 133+ TL A
B4 3 pH meter(MP 220, Mettler Toledo Co., LTD,
Urdorf, Switzerland)E ©]-8-3to] Sttt w2 % HE
ARE Fst] 2t Als | 33] WhHE SIS B E 5%
£ brix refractometer(PAL-1, Atago, Tokyo, Japan)S ©]-8-3}
o Atk A= 4L Kim JY 50212 WS &4
st ST MAE 2 x 2 x 2 cmP A texture
analyser(TAXT plus/50 Stable Micro Systems,
Korea)E ©]-83le] A2 33 ¥HE %3k &
vl w3t} &% 2712 pre-test speed= 2.0 mnys, test speed
= 1.0 mm/s, post test speed= 2.0 mm/s$] 21, Eo]9} X &
o] 217} 50.00 mm, 12.45 mm?! 7153 B3 (probe) S A

gt

Bucheon,
BEehe
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Weight of batter and cup —

Speci.ﬁc Weight of empty cup
gravity = 3
(%) Weight of water and cup —

Weight of empty cup

] FAl= HAA2(1B-410, Innotem Co., Gyeonggi,
Korea)2 o|-&3to] 243 Azt 742 S48kl om, ol
= WA FFYE 2} vernier caliper(150 x 0.05 mm,
Eagle Co., Beijing, China)Z Z 1l £°]|& %3} th -3
E F485 o] 83 FAX 3P (Pyler EJ 1979)2.2 =% 3}19]
ol we] v 43 17 £ 5L Sumnu G 5(2005)2] W
Ho g ZAsitt 842 mAe] Fo(mL)E AFY F
He) o2 o] offjel 22 Ao jhEsgich

Volume of muffin (mL)
Weight of muffin (g)

Specific volume (mL/g) =

T 3] AR AW BUg o ue Pl mu e
T e ALolA 147E B 7 F Tk Ao ol
%2 VERIQ, 7 AR % 33 i Zge] BEgtew
e LT o] Bl o) vHe] B Aol G Fekel

£A8 79 ug9l, & BY) EABCHE eI Be 4
oz A

Weight of muffin dough —
Weight of muffin
= - x 100
Weight of muffin dough

Baking loss
rate (%)

A FEE ke vAe 5 Alxe A e
& 71(NSG-100 2SS, Hanil, Seoul, Korea)Z #-43}%1 2™, o]
£ 70% wgkEel FAske] 253193 7| (UCP10, JeioTech,
Daejeon, Korea)E AH8-3to] 60TlA 1A1ZE Bt T 3HA|
ZATh o] F 4TellA] 108 F<F 6,000 xgollA] A4l Ee] st

e #4d 54 75

FENE 045 pm ZE|(Minisart, Sartorius, Goettingen,
Germany)©l] o7}t & Wgks F25F —18ColA Hus}
sen, ol F ds, F ETHEkol=, DPPH 3 ABTS
radical 227 &4 3749 ARE ARSI

9. & Hg 4 £ ZelE0|E g2 &2H
AE Bg H713E v i3k & #3832 AOAC

3¢l HFH Q] Folin-Denis®(Folin O & Denis W 1912)< W&
3 Mttt 96 Well plateell A= 10 pL, SF 90 L,
1 M Folin-Ciocalteu’s phenol reagent(Sigma-Aldrich, St.
Louis, MO, USA) A2k 10 uLE EF3lo] £33 T 42
A 5E7F vES A AT} o 79 7% sodium carbonate £ 100
uLet S7F 40 pLe EFste] FaedlA 903t WA
&, 9% 750 nmol|A4] multifunction microplate reader(MMR
SPARK®), Tecan, Switzeriand)E AF&-3le] SH=E =45}
Atk F dE FFS FH] A EFELEE gallic
acid(Sigma-Aldrich, St. Louis, MO, USA)E AM&-3}%1oH,
Aget FL o R dysta, FEdE 2Hdste] 4
ST % el PHE me GAB/gE ERAITkPark
SJ & 2024). AW TLE MR wAe Ui T ST
o= &2 Moreno MI 5(2000)2] S W sle] 33}
Atk 96 Well plateol] A& 20 pL, 575 80 L, 5% sodium
nitrite § 6 pLE &3S F, SEIF Aol A whgA LT
oy 7]l 10% aluminium chloride €< 6 pLE H7lel 623+
Ao A ¥H&-A1Z] & 1 M sodium hydroxide 40 pL9} S5
T 48 uLE &3 U}, multifunction microplate reader
(MMR SPARK®), Tecan, Switzeriand)E A}8-3lo] 34 510
mmel| A FFEE STk T SetEeolE e A
371 913 ZFEA R quercetin(Sigma-Aldrich, St. Louis,
MO, USA)E AH&stslon, Algot T3 oz ddst
I HAFAS Aot FE2EY] T S ol TS S
gt & Ethimol= FE mg QEgE WERAD
(Park SJ 5 2024).

10. DPPH 2! ABTS Radical &7 &M =%

AAd Bg H7kek vdo] Y3k DPPH(2.2-diphenyl-1-
picrylhydrazyl) radical 227 242 Blois MS(1958)2] HHH &
W& sto] =% ak3th 96 Well platee] A& 45 uL, 0.2 mM
DPPH &9 45 uL, o€+ 45 LS &3k v, 3087 4
29 tarolA HEgAHT ¥hgo] Ed Tl multifunction
microplate readerlMMR SPARK®), Tecan, Switzeriand)E A}
43t 274 517 nmoll A B =S Stk Al digh
2T O 2+ ascorbic acid(Sigma-Aldrich, St. Louis, MO,
USA)Z AH&-819th Park SI 5(2024)2] Aol A A|Agk ¥
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HO 2 DPPH radical 2274 B4L& A5 §4S H7et A7)
Fol WA e RATNT Alolel FHE Aol E ME
2 UeRRgich

DPPH radical 227 84 (%) = [17 (SEB>] X 100

S AR APl EHE
B : Blank®] §3%=
C : Control (A& FH7IHe S =

AAA F2E 3713 e gk ABTS(2,2"-azino-bis-
3-ethylbenzo-thiszoline-6-sulfonic acid) radical &7 A3
Re R 5(1999)¢] < WEste] 43k ABTS 7.4
mM$} potassium persulfate 2.6 mM S-S FU3 v &2
E33sle] ABTS stock solutionS #| Z38}5] 00, ghaollA 24
ARt BRE WHEAIA st e R REEo] AHEsieth &
13}El ABTS stock solution= phosphate buffer saline(PBS,
pH 74)2.& 3|4ste] 97 732 nmoll A S84 8% gkol
0.70+0.03°] = =% % U2, ABTS working solution 2 A}
43} t). ABTS working solution 950 pLo} A|& 50 yLE &
gste] 108 BF bAoA REEAIZL &
microplate reader(MMR SPARK®), Tecan, Switzeriand)Z A}
g3t 94 732 nmellA] R =S S5 Al g
2L ascorbic acid(Sigma-Aldrich, St. Louis, MO, USA)
2 AF8SISIEh. Park ST 5Q024)9] AT AN L.
2 ABTS radical 227 XL A5 &9 AUl H7l¢e}
A7Vl & T Abele] FHE Aol WEEE U

ERf AT

multifunction

ABTS radical 227 84 (%) = [1— S

6] X 100

S AR WPl FRE
C : Control (A& FH7IH9 3=

1. Mz 5 3 Eel 27k 9 o ohE
A Bl A 3}A|(CR-400, Koica Minolta, Osaka, Japan)

AHEStel ST 54 Aol 717]e] EEWIH(L=
97, a=—0.63, b=3.85)% AF&-3lo] BA3IH 1, AtE A
= 99 celldl] ¥o] L(Y X%, lightness), a(Z A %=, redness),
A=, yellowness) w2 S3HA w3 <& 9 o
W T2 JlH|2HGalaxy Z Flip 4, Samsung Co., Seoul,
Korea) & °©]-§3t] A7k dE 2 wjx|3tn &3ste] &
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SPSS 22.0(IBM SPSS Statistics, Chicago, IL, USA) X213
2 o] &3l 7t A5 3 Mean+S.D.E YERHRITE A S
Zke] zpo] BAS dYux] EAHEA (one-way ANOVA)S
AH838F9 AL, AR A 5-2 Duncan’s multiple range testE ©]
gsto] o)A 2ol (p<0.05)E A5t

Y

% % o

1. et

AR o] ArbeE gt ve] dukdiE 4 A
7= Table 20 A|ASATh iz WA Fi e
18.38+0.38%°|™, HAH T 0.5%, 1.0%, 1.5%, 2.0% =
2.5% F7kolA 22 18.86+0.22%, 20.38+0.16%, 20.42+
0.20%, 21.55+0.47% 2 22.44+0.39%= HAH o] A7}
o] EaTE T ol felstAl S thp<0.05).
3| R 0.29+0.15%°1H, HA™ B8 ool A
Zdhe AEFS BAThp<0.05). ZohiE ke gz
£ 5.23+0.07%°]™, AAH I 0.5%, 1.0%, 1.5%, 2.0%
2 2.5% H7FlA 22t 7.96+0.01%, 8.79+0.13%, 9.24+
0.10%, 9.76+0.18% 2 9.82+0.17%% Al Huro] H7jek
o] WSE kA e Z71383 th(p<0.05). T2
A gheFe 23.8440.17%°1H, HAdH B2 0.5%, 1.0%,
1.5%, 2.0% 2 2.5% A7t Arlake] 7145 22.40+
0.16%, 22.31+0.18%, 21.79+0.14%, 20.38+0.50% 2! 18.40+
0.30%= frolotAl ZHAskdthp<0.05). LHE H7kgk #A
o] 739 AWHEA Az} S5 23.24%~24.75%, Z3]E 0.53%
~0.81%, Z=THA 3.71%~7.56%, =AW 16.54%~18.32%
2 YeEPdTtHYoon JA & Shin KO 2024). Ahn CS & Yuh
CS(2004)2] Al A ¥l B 0%, 1%, 2% 2 3% A7k
woR el FHe Hrlge] FiEss wHe
(24.00£3.94) 2 Zeh(8.56+2.11)9] o] HJ3lA 7}

L T

2B
T
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Table 2. Proximate composition of muffin with Andrographis paniculata (Burm. f) Nees powder
Composition Andrographis paniculata (Burm. f.) Nees powder (%)

(%) 0 0.5 1.0 15 2.0 25
Moisture 18.38+0.38" 18.86+0.22° 20.38+0.16° 20.42+0.20° 21.55+0.47° 22.44+0.39°
Crude ash 0.20+0.15° 0.48+0.02° 0.40+0.04° 0.43+0.02° 0.34+0.27° 0.2120.10°

Crude protein 5.230.07¢ 7.9620.01° 8.79£0.13° 9.24+0.10° 9.76+0.18" 9.8240.17°
Crude fat 23.8440.17" 22.40+40.16° 22.310.18° 21.79+0.14° 20.38+0.50" 18.40+0.30°

" Each value in meantS.D.
? Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.

st o), 2AHH29.75+4.96)2] e frolahAl A B 2.5% Z7kroll A 242 4.19£0.21 mg, 4.31+0.09 mg, 4.51+

w9} HmES u), B Ao} vset A JeRfgich 0.14 mg, 5.63+0.05 mg 2 6.36+0.17 mge 2 H4l& B
S e e B s 57}6}"34(1%0 05)

2. 27|& &tz ofd FFS 100 g T 4.85~5.84 mgo|lem, 2o} 7
AdE B A2k wEe] 213 @9 24 dvke WEs AR “‘:"W AEHA w3l 7712 *M
Table 30 AN AAA) #7128 5 Al ggol A Ve A o pHE 73759 AYFECR 4, of
7HE =9kem, 100 g F ET 287.40+6.73 mg, FAH  AF T & kS éﬁ % s}, Aol AE =4 8

Bk 0.5%, 1.0%, 1.5%, 2.0% 2 2.5% Hd7poa] 2tz &34 Fof 5o vhket A4 7153 7F 2 $thGaman
252.73+54.65 mg, 287.12+55.65 mg, 301.57+11.15 mg, ~ PM & Sherrington KB 1990). &1 ¢ H7+ek Ui?i AT
309.48+18.49 mg 2 375.35420.97 mg=A MA@ Furo] I (Yoon JA & Shin KO 2024)°l|4 Z#} vkl uiuﬂoﬂ
7hgo] 7V uhe Al B 15% Wl RE fejet LUl BEe] A hge] SRS we £ATF YRS

A 24 FE% 27189 tHp<0.05). vhavlg ke gz 9E TS ke 3 d55(Yoon JA & Shin KO 2023)°]]
7100 g B 129.1548.74 mgo|™], A Bk 250, Myl AE A, vk, ofde] ol EShthal Basisle=t,
oA 100 g B 133.23+2.24 mgl ZA ml1d|re] 3tako] 7} ol B AT Aol e oS HAT) 3w g4 B
2 = ZAHATHp<0.05). 7+ FES 2T 100 g & FH(lee YK T 2024)2 HUIg viEdoA e Ao el
0.48+0.13 mgo|™, A& L 0.5%, 1.0%, 1.5%, 2.0% = =gkom 1Y Eil(Yoon JA 5 2024)2 713 npEdlo)

A o

Table 3. Minerals composition of muffin with Andrographis paniculata (Burm. f.) Nees powder

Andrographis paniculata (Burm. f.) Nees powder (%)

Composition
(mg/100 g) 0 0.5 1.0 15 2.0 2.5
Calcium 287.40£6.73"  25273+£54.65°  287.12+55.65°  301.57£11.15°  309.48+18.49"°  375.35£20.97°
Copper ND?
Iron ND
Magnesium 129.15+8.74° 120.20£17.79 125.85£1.51° 127.37+0.74° 127.62:4.48° 133.23+2.24°
Manganese 0.48+0.13¢ 4.19+0.21° 4.31£0.09° 4.51£0.14° 5.63+0.05" 6.36+0.17°
Selenium 2.98+0.46° 6.29+0.60" 8.00+1.45° 13.99+2.65° 15.02+1.77° 15.14+2.28°
Lead ND
Zinc 5.8420.45° 4.850.70° 4.87+0.70° 5.24+0.26" 527+0.31° 5.78+0.68"

" Each value in meantS.D.
? Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.
? ND: Not detected.



78

A BRIt s o] Bottkn Basich ols Al
Al RARe] A7hegel ek AlFe] B % W) wy
e Aoz Alzdd

1] =4k2 leucine, phenylalanine, 1ys1ne threonine =°]%4
), 2 FollA dizato] vls] A 2 1.0% H7brellA
100 g T leucine 546.440.01 mg, phenylalanine 386.9+0.01
mg, lysine 329.5+0.01 mg, threonine 272.0£0.01 mg®] <O =
EXTHp<0.05). HAE LS H7he vA o] v Fpoln| e

2F2 glutamic acid, aspartic acid, proline, serine =°]12H,

ozl A 100 g
503.8+0.01 mg. aspartic acid 503.1+0.01 mg, serine 426.7+
0.01 mg®] o2 YElt) o} i=Ahe glucose, purine 2
pyrimidine & TFFeF A EALS] 42 g AFEH o,
il e 71de] He Ve 7R AW 25 dds

Z glutamic acid 1,578.9+0.01 mg, proline

oy
k
fon

A5 HORA oF fAREME

EIDL

% ofe]thKim HY &
AePATH(Lee YI & A £
acid o] 4.16 mgi 7}1} wo 3=
nine ¥&Fo] 021 mgl & 7P v

2 Ao} e e Btk

HAAE E4S HUet Wl pH, 9% 2 A= %%J Z:i?Jr
= Table 59 AAISHAH AAH 42 HrishA] &2 o

29| pHE 8.58+0.01°w, HAAHA £ 0.5%, 1.0%, 1.5%,
2.0% 2 25% 72l pHE 247t 8.52+0.01, 8.43+0.01,
8.29+0.01, 8.24+0.01 & 7.56£0.02 o2 2|8t 743}
S THp<0.05). ©]= AWM Z(Yoon JA 2021), €= (Choi HS &
Nam HY 2018), 3]8]27 2 #(Kim SJ & Kim HY 2019),
Az E ol E2(Kim JY & An SH 2021), oFAto]H]2](Park

5 2021) 2 20 #2(Yoon JA & Shin KO 2024)S 3
7}61 wHo A Hls=gk AokS Blew, FAge] 37kl

o o
=
1S pHE dasht 2%E uath FEel P

Table 4. Amino acid composition of muffin with Andrographis paniculata (Burm. f) Nees powder

Variety Andrographis paniculata (Burm. f.) Nees powder (%)
(mg/100 g) 0 0.5 1.0 1.5 2.0 25

Threonine 268.2+0.01"%?  265.1+0.01° 272.0+0.01° 248.1+0.01¢ 270.9+0.01° 259.2+0.01°

Valine 317.6+0.01° 311.4£0.01° 318.1£0.01° 287.9+0.01° 326.7+0.01° 314.8+0.01°

Leucine 544.3+0.01° 529.4+0.01° 546.4+0.01° 505.7+0.01° 543.5+0.01° 529.7+0.01°

Methionine 103.4+0.01° 104.0£0.01° 108.2+0.01° 89.8+0.01¢ 141.4+0.01° 97.2+0.01¢
Essential

ssential Isoleucine  264.2:0.01° 255.1£0.01°  2623+0.01° 24110014  270.1+0.01°  261.7£0.01°
amino acid

Phenylalanine ~ 386.8+0.01° 365.7+0.01° 386.9+0.01° 334.4+0.01° 381.5+0.01° 365.0+0.01°

Lysine 326.3+0.01° 332.9+0.01° 329.5+0.01° 311.240.01° 339.3+0.01° 329.1+0.01°

Histidine 145.340.01% 142.3+0.01° 144.6+0.01° 135.7+0.01° 146.4+0.01* 143.0+0.01°

Arginine 262.4+0.01° 260.7+0.01° 265.5+0.01° 248.0+0.01¢ 269.0+0.01° 262.6+0.01°

Serine 426.7+0.01° 426.0+£0.01° 439.9+0.01° 404.7+0.01° 428.6+0.01° 417.2+0.01°

Glutamic acid 1,578.9+0.01" 1,535.1£0.01°

Proline 503.8+0.01° 479.9+0.01°

Non-essential ) 0 225.3+0.01° 222.8+0.01°
amino acid

Alanine 285.6+0.01° 286.4+0.01°

Tyrosine 211.6£0.01° 188.5+0.01°

Aspartic acid ~ 503.1+£0.01° 501.4+£0.01°

1,567.4£0.01*°  1,493.9£0.01°  1,515.0£0.01°  1,535.8+0.01°

483.4+0.01° 476.9+0.01° 480.1+0.01° 494.9+0.01°
228.8+0.01° 209.4+0.01¢ 223.7+0.01° 218.4+0.01°
296.1+0.01° 268.8+0.01¢ 291.4+0.01° 278.6+0.01°
203.6+0.01° 187.6+0.01° 196.9+£0.01° 187.3+0.01°
518.0+0.01° 460.5+0.01° 511.940.01° 476.5+0.01°

Y Each value in meantS.D.

2 Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.
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Table 5. pH, sugar content and hardness of muffin with Andrographis paniculata (Burm. f) Nees powder
Andrographis paniculata (Burm. f) Nees powder (%)
Variables
0 0.5 1.0 1.5 2.0 2.5
pH 8.58+0.01"% 8.52+40.01° 8.43+0.01° 8.29+0.01° 8.24+0.01° 7.56+0.02
Sugar content (°Brix) 2.88+0.08° 2.88+0.08" 3.04+0.05° 2.64+0.05° 2.6240.04° 2.44+0.05°
Hardness 13.33+1.53° 9.00+1.00° 9.33+0.58&° 10.67+0.5 11.00+1.0° 19.33+0.5"

Y Each value in meantS.D.

? Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.

Z33 JAE B2 0.5% F7kro] 2.88+0.08 24 thET}
frofgh zpo|7F vepdA] kot A &2 1.0% H7kE
©] 3.04+0.05 °BrixZ B=7} 74 Eta, AAHE B 1.0%
H7heRy G o] oA o2 7HAskelthp<0.05).
e B U v gEes gl 3295(2.90+0.07 °Brix)
Ht} ot] B HrkrollA] 3.14~3.54 °Brix B =2 UERL
T Hudth(Yoon JA & Shin KO 2024). =2] 7%
22 13.33+1.530]H, AR B 0.5%, 1.0%, 1.5%,
2.0% 2 2.5% HArkte] A=E 247 9.00+1.00, 9.33+0.58,
10.67+0.58, 11.00£1.00 2 19.33+0.58% % e ow, A4
d Bge] Hrlge] TS AR S7FsHATHp<0.05).

aksol BIF, 22, Fol, £, H[2H o B

g

A BdE A7k v vk v, A, Eol, F1,
H| &4 2 g7] &4E 5% 23 Table 69 AAISHATH
B 0.5%, 1.0%, 1.5%,
Z} 0.82, 0.84, 0.86, 0.88,
091 % 0.92 Lo 2 F7FATHp<0.05). AH™ Hd= 3

7VelA] 2 thxTe] FA= 45.53+0.06 gol™, HAH 2
T 0.5%, 1.0%, 1.5%, 2.0% 2 2.5% H7krolA = 44.30+
0.04 g, 43.05+0.07 g, 42.48+0.04 g, 41.18+0.19 g = 40.84+
0.10 g =22 HA- el Trlge] gojdsE FA=
At (p<0.05). 2 E AFe] Ails dxEgol
E9(Kim JY & An SH 2021), Slvlt}&37] E2(Yoon JA
2022), 2t] ¥ (Yoon JA & Shin KO 2024)2 H7}g A
o vitfe] A3E B o] o]n] AT (Yoon JA 2022;
Yoon JA & Shin KO 2024)ell 4 A& g =o] wAL] FA ®
shk= #7hek Alze] 540 wet 2lo] & Hole AeolH, 2
ol -fro] Fido] B AlEe T BAEo] ol vy 7
A7E S7beke Ao ddEvta Hausielr ole] 4
27 5.60+£0.10 cm= 71 =3kon, A 28 0.5%
7Ht 5.33+0.06 cm, 1.0% 37k 5.130.15 cm, 1.5% H7k*
4.87+0.15 cm, 2.0% A7 4.60+0.10 cm, 2 2.5% H7r
4.40+0.17 cm=2A ] 2ol v|gte] HIhrell A HAF ol 7t
A3 tH(p<0.05). ol o] e Hrlge] TtEeE
w9 Eols ol 43S B A7(Yoon JA & Shin
KO 2024)¢} fARF Ak Bk e A¢ dzxd

Table 6. Specific gravity, weight, height, volume, specific volume of muffin with Andrographis paniculata (Burm. f.) Nees

powder
Andrographis paniculata (Burm. f.,) Nees powder (%)
Variables
0 0.5 1.0 1.5 2.0 25

Specific gravity 0.82+0.00"%) 0.84+0.00° 0.86=0.00° 0.88+0.00° 0.91=0.00° 0.92:0.00°
Weight (g) 45.53+0.06° 44.30+£0.04° 43.05+0.07° 42.48+0.04° 41.18+0.19° 40.84+0.10"
Height (mm) 5.60+0.10° 5.33+0.06° 5.13+0.15° 4.87+0.15° 4.60+0.10° 4.40+0.17°
Volume (mL) 150.63+0.12° 149.60+0.10° 147.57+0.06° 146.3340.21¢ 145.57+0.06° 144.90+0.10f
Specific volume (mL/g) 3.310.00 3.38+0.00 3.43+0.01 3.44+0.01 3.53+0.01 3.55+0.01
Loss rate (%) 7.02+0.674 8.39+0.53° 9.29+0.48° 9.49+0.41° 9.70+0.65" 10.07+0.32*

Y Each value in meantS.D.

2 Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.
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150.63£0.12 mLZ 7} =gkom, JAH 2 0.5%, 1.0%,
1.5%, 2.0% 2 2.5% A7kl E 149.60+0.10, 147.57+0.06,
146.33+0.21, 145.57+0.06 2 144.90+0.10 mL 2 2 H4AH
ko] HUbeo] NS FIe astiien, ol 7
g E(Kim SY 2020)2 71 WA 2 A= g
Atk WA Bds HrkehA &2 dxwd
S A7V A ko] vEA L 331~3.55%9 571
7% NZET 7.02+0.67%%= 7HF 2kon, HAH
5%, 1.0%, 1.5%, 2.0% = 2.5% H7}olA 8.39+0.53,
9.29+0.48, 9.29+0.48, 9.49+0.41, 9.70+0.65 2 10.07+0.32%
o7 H7| €480 Zrlete A2 YEITHp<0.05).

i 4>

=)

1T

S A
L= A VA
i

onqm
1o,

gy er 2Ee A MEdA e w57] EHEC] A4
St thal B8} =t(Yoon JA & Shin KO 2024), ©]+= F

Aze] Fel mt 7RI E Il wso] o 2fsf 3
Fohs Aol A7t gl AoE AlRdT:

6. & H= ¥ & Z2E 0 ?:.%t

AAE FEE AR v F ovlE 8§ EehEieo]
= g A AP Table 79 AASIAT & dle e

o] %7(38.97+0.15 mg GAE/g)ell vl3] A" &8 0.5%,
1.0%, 1.5%, 2.0% 2 2.5% HA7htS 2H2} 40.48+0.15, 41.93+
0.10, 45.47+0.31, 48.13£0.08 & 52.23+0.50 mg GAE/g =&
2 AAE g ol 255 S7HsITHp<0.05). &
HiE g2 5977 9 H7ke vAg daAFJeon
JY 5 2022)°14 100 ¢ B 9737 L 0%, 2%, 4%, 6%
2 8% H7lrol A 20.94, 27.96, 36.11, 45.94 = 74.80 mg
GAE/g2 23 S7F8t9l o, Z X 2]<=(Hong JY 2019),

Table 7. Total phenolic and total flavonoid contents of
muffin with Andrographis paniculata (Burm. f.) Nees
powder

Andrographis paniculata (Burm. f.) Nees powder (%)

Variables Ty phenolic content  Total flavonoid content

(mg GAE/g) (mg QE/g)
0 38.97+0.15"% 24.83+1.89°
0.5 40.48+0.15° 81.00::2.60°
1.0 41.93+0.10° 135.67+4.86"
1.5 45.47+031° 184.33+4.07°
2.0 48.13+0.08° 204.503.00°
2.5 52.23+0.50° 269.50+9.76"°

Y Each value in mean=S.D.
? Values with a same letter in a column are not significantly
different by Duncan’s multiple range test at p<0.05.

A sobAlo} fukiniai

n=74 B (Yoon JC 5 2023), 2r] EU(Yoon JA &
Shin KO 2024) 3! 22k £2(Ju YE 2024)& 713k =
A AFNME 2 A9} B2t FFS Bt #Es 85
& AAA A He] FxEo] e W siEe] 3o
H(Joo SY 2013), 1% ¥ & FFS AFY s
ARAE b W Fo3 AR Fgahe AoR HuEn
S THDragsted LO 2003; Perron NR & Brumaghim JL 2009).
HE3hes drRER $4 Fo9A, A 2 2494048
2AA Tl vk Ao R A8, FAF, e A
HAAS 5 dFe 7lss 7R len, ole itst
23 #AZE dvkar BaE v Guo DI 5 2008).
ZetEwolE ke q%}.&(24.83i1.89 mg QE/g)°ll
Hlal] A B 0.5%, 1.0%, 1.5%, 2.0% 2 2.5% A7l
Z}z} 81.00+2.60, 135.67+4.86, 184.33+4.07, 204.50+3.00 2
269.50£9.76 mg QE/g =22 F2|5HAl S71aFTHp<0.05).
ZF FotE o= ke o Bds AUk v Hgd
:rL(Yoon JA & Shin KO 2024)°l14] 2.0 &2 0%, 5%, 10%,
20% B 40% H7hroll A ZH2} 57.42~393.17 mg QE/gE fr
oA St E, ol B A7 Aol fARE 4
YehAth Han YL 5(2013)2] o] ojahd, Zefr e 1

ofj

lﬂ ﬂllo

= AEA A FIAHL E3F ElhuR vk Tof ol 34
HEE AXH AgEY. STEolE HH Al 27 Alxe
FA Tte] Solz t&%% 3 olAlo] 583t YA

e s glon, Az

ii d‘?jf g el JJFO:]%HE Aiksl gaae] &8 Ao
2H A5 8k, 7o 7le 24 3 I x FakelA o
&3t a9E JHH 2 Y= 242 EuFHUtiHan YL §
2013)

7. DPPH % ABTS Radical

A Bd-S H7kg v7e] DPPH 2 ABTS radical 4
A g4 B4 Ay Fig 29} Fig. 39 A|A69Ich DPPH
radical &4 &4 FAA positive control 2=
acid(1 mg/mL)Z A28} 0™, 91.86+0.21%= o202
71w ES Btk old vl iR MY B
0.5%, 1.0%, 1.5%, 2.0% 2 2.5%S 713 TollAe 24zt
14.26+0.16, 15.37+0.06, 16.98+0.15, 24.79+0.35 = 26.94=+
0.29% o2 Yelgton, A4 el Hrleke] Srbe
4= DPPH radical &A 4= S718F9th(p<0.05). Yoon
MH 5(2011)¢] ATolA S =D 0%, 3%, 6% 2 9%
A7Vl A 2b2) 14.65, 33.84, 57.74 2 67.06% %2 WA &
A B8 MUkl 57185 DPPH radical &7 €/ 9]
ol 7T Bauskth E=3F ofF E%(An SH
2014), 214+l E1(Cheon SY % 2014), &AM Edb(Jung

27| gy

ascorbic
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Fig. 2. DPPH radical scavenging activity of muffin with Andrographis paniculata (Burm. f) Nees powder.
Each value in mean+S.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic

acid.
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Fig. 3. ABTS radical scavenging activity of muffin with Andrographis paniculata (Burm. f.) Nees powder.
Each value in mean+S.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic

acid.
YM 5 2015), 3|8 A7~ E2(Kim SJ & Kim HY 2019) 2
ok E(Kim YJ 5 2024)S H7Re o A4 B A

ZAxte} vk °§’$% Bt
ABTS radical 227 &40l 4] positive control 2 ascorbic
acid(1 mg/mL)E AME-3F2H, 96.41+6.13%% fFojZoz

7 =2 E4E Bh ol vlE] iz AAE B
0.5%, 1.0%, 1.5%, 2.0% 2 2.5%Z A7}t Foll A= At

=2 10.37+0.22, 9.81+0.04, 9.28+0.05, 8.47+0.11, 7.78+0.06 =
7.1440.14%2 A4 Baro] Wyleko] Z/1EE ABTS
radical 227 A& 31 THp<0.05). ¥ AT A ABTS

-
g
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radical &7 G4 EH;'\:FLJJr A" B HrkrdAe A
AE Foko] Aylako] = ABTS radical 227 X

O_u

< Aasisled, ol A3 A 71d Sl sl A
AstE A A EallEo] Sty wiiel @4kt S &
13] whg)shx] 23 Ao g AttEtiLee YI 5 2023). Lyt
Z o= DPPH % ABTS radical 274 42 3itsl &AL
Z4sk=tl, 7 Bl 1Has AMgste Wi olH, HisA
Edo gigh giksl mote] X x2A ghedde] & FAUF
= 27 2ol =t HuElthKang YH 5 1995).

8. M 4l =] 2zt gl ciof mp&k

1L = X =L U=
HAld B2 #Hr)el wFle] e =4S Table 8ol AA]
SATE Lae iz, A E B2 0.5%, 1.0%, 1.5%, 2.0%

2 25% HrbolA ZHzb 75.40£1.06, 74.57£0.81, 71.13+
1.39, 68.93+0.64, 63.60£1.40 2 62.33£2.46 &=C.2 F-2|5H|
SOl tH(p<0.05). agk thawt 1.90+0.100]H, HAH &2
0.5%, 1.0%, 1.5% 2 2.0% A7krelA] ZH2} 1.3340.12, 1.33+
0.15, 1.43£0.15 & 1.67+0.06 =22 F-23HA =78t}
HAE B2 25% H7krollA 1.3340.15% SolX thp<0.05).
b e iz, HAA B2 0.5%, 1.0%, 1.5% 2 2.0% J7}
oA Z4zE 28.40+1.23, 24.90+1.18, 21.47+0.35, 20.47+0.21
2 18.3340.74 <= 0.2 ]l Yol thp<0.05). ol& HA
Furo] Ak EA wj ol Ao g Algdry B A Ay}
74 9] B2Z(Oh SW & Chung KH 2014), 52K Yun CS
2015), AA % E2(Yoon JA 2021) L xpAAty] EZ(Ju
YE 2024)2 7k AN E Algo] Hrtdko] S7tEs
E LakH bako] frolskl dashe Aaks Btk Bast
d, ol= & A7 A}t fAkeE FFe Bk 12y
X3 7}HFE kg nfEl A-HKang JH & Chung CH
2020)914 = LEke 7HAasta agkdt bake 7Ktk A3k
S Hojx B Apel vt Ays Heled, ole ke
FAlze] Ago] we] Mo Jg nX|= A AlR

d

o rfr

o 1=
AT

ek,
APA BAS ARG vine o|pe S, 9W, wus

8] - A7AS HolA| o} Akt

et Azl o2 o] Fig. 400 AAlsHAT & s
%S AR e, g2 HAd %%% A7k A7k
off thels F7} & ¢ A3 o] ¥rem 7]go] &
F A= vhdel, ¥ 2w Ao
o] X3k w0 w Wi Fgeo] A F

o] A asHe AL B

g

f
=)

S ke vl Ak gt ol =A% G
HHAQl Vg Ee] 6714 dEE S Ve A A
B 1.0% H7kte] 73
of 6.10£0.992 7FF =& Zo 2 Yelton, M4
5%} 2.0% H71ao] 5.60+£1.260. 2 SUsHA] JERE T
H7lTe] 4.70£1.42, tiZTe] 4.40£1.35,
A7Vl 4.0041.89 =0 & Vet &
AlE B 1.0%9 2.0% H7kre] 6.00£1.052 A8t
Al 78 =4 vebtem, AAE 28 1.5% 0.5% H7kt
o] 5.80+1.329} 5.60+1.58, thZT0] 5.40£1.71, H4l&d &3t
2.5% H7kzol 4.5042.17 o2 YERith whe HAH
w2.0% H7kro] 5.90+1.202 7P =4 JEREeH, A
H B 1.0%9 1.5% H7kto] 5.70£1.062 5.50+1.43, Tz
T HAAE B 0.5% H7kEo] 45041582 Tdg o
A7) 3.10+1.5282 7P Be HtE
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H7He werom, JAA % 2.5% H7kEe] 3.30+
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Table 8. Color values of muffin with Andrographis paniculata (Burm. f) Nees powder

Andrographis paniculata (Burm. f) Nees powder (%)

Variables
0 0.5 1.0 15 2.0 2.5
L (lightness) 75.40+1.06"%) 74.57+0.81° 71.13+£1.39° 68.930.64° 63.60+1.40° 62.33+2.46"
a (redness) 1.90+0.10° 1.3340.12d 1.3340.15¢ 1.43+0.15° 1.67+0.06 1.33+0.15¢
b (yellowness) 28.40+1.23" 24.90+1.18° 21.47+0.35° 20.47+0.21¢ 18.33+0.74° 18.83+0.90"

Y Each value in meantS.D.

2 Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 4. Overall shape of muffin according to Andrographis paniculata (Burm. f) Nees powder.

A: Control (flour without Andrographis paniculata (Burm. f) Nees powder).
B: Flour with 0.5% Andrographis paniculata (Burm. f.) Nees powder.
C: Flour with 1.0% Andrographis paniculata (Burm. f.) Nees powder.
D: Flour with 1.5% Andrographis paniculata (Burm. f.) Nees powder.
E: Flour with 2.0% Andrographis paniculata (Burm. f) Nees powder.
F: Flour with 2.5% Andrographis paniculata (Burm. f.) Nees powder.

Table 9. Sensory test of muffin with Andrographis paniculata (Burm. f) Nees powder

Andrographis paniculata (Burm. f.) Nees powder (%)

Sensory
0 0.5 1.0 1.5 2.0 2.5

Color 4.40£1.35"2  470+1.42° 6.10£0.99° 5.60+1.26° 5.60£1.07° 4.00+1.89¢
Flavor 5.40%1.71° 5.60+1.58" 6.00+1.05° 5.80+1.32° 6.00£1.05° 4.50+2.17
Taste 4.50+1.58° 4.501.84° 5.70+1.06° 5.50+1.43° 5.90£1.20° 3.10+1.52¢
Appearance 4.50+1.35° 470£1.77° 5.60%1.17° 5.50x1.58° 5.50=1.08° 3.40+2.32¢
Texture 4.60+1.26° 5.20+1.23° 5.40+0.84° 5.20+1.23° 5.300.82° 3.10+1.37¢
Overall acceptability 4.20+1.14° 4.20+1.48° 5.30+1.25° 5.80+1.23" 5.90+0.88° 3.30+1.49°

Y Each value in mean+S.D.

2 Values with a same letter in a row are not significantly different by Duncan’s multiple range test at p<0.05.
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