KOREAN J. FOOD SCI. TECHNOL. Vol. 53, No. 2, pp. 174~180 (2021)

https://doi.org/10.9721/KJFST.2021.53.2.174

D-optimal mixture design O|& SEX}-2C]

L= 1
=41

s 94

ik e

. _‘6‘6]—_/;.26] 2.
Fobo] 0331}, TRl st

KOREAN JOURNAL OF

SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

g

A

|

=
no,'-

Hl Zxs}
L2} x*

A F e od et

Optimization of the formulation for manufacturing of Bokbunja
(Rubus coreanus Miquel)-black mulberry (Morus alba) herbal pill by
D-optimal mixture design approach

Jin-Young Moon', Su-Jung Hwang’, and Jong-Bang Eun"*

'Department of Integrative Food, Bioscience and Biotechnology, Graduate School of Chonnam National University
*Faculty of Herbal Food Cuisine & Nutrition, Daegu Haany University

Abstract The optimal recipe for manufacturing composite honey-based herbal pills mainly comprising Rubus coreanus
powder (RCP), black mulberry powder (BMP), and vitamin C was investigated. Honey-based herbal pills were prepared
by mixing these powders, binding them with honey, and then forming a round shape. The experiment was designed based
on the D-optimal mixture design, which included 12 experimental points with one replicate for three independent variables
as follows: RCP (10~35%), BMP (10~35%), and vitamin C (5~10%). In addition, the dependent variables (total phenolic
and flavonoid content and antioxidant activity) were measured and used to optimize the manufacturing conditions. The
results showed that high amounts of RCP were correlated with high total flavonoid content, whereas the addition of high
amounts of vitamin C resulted in higher antioxidant activity. In conclusion, an optimized formulation for the honey-based
herbal pill was found to contain 35% RCP, 10% BMP, and 10% vitamin C.
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AEAJOP T3 32 HlEwA BE(un 5, 2014)°] sk
F3lo 719% Aoz wdsiGir). ulgbA o]F HiRORE AH|A)
9 a7 ggo] A B35 FH Bad HAFH7F ol
3 AES ANdstuAt stk BREAl-e e Axs] 28
3ke] 71573l FEFE mE F I A= I |
23 HERl CE SYWHTE A% 35lo] D-optimal mixture design
< S oeFe wighlE ALetal 2o WE FASA w9
HA wMgeE =&

H

oH
N M=
Aol Mg 2, 8 3P, 2ade) ¥ ZeEdsr Gy

T o AR AS 20199 1290l FYEI ARSI,
BB 2 (Rubus coreanus Miquel) 2, 2T (Morus alba) ¥'Z, H]
Bl C 2 FEAR AR Rerhes 20199 12€9 #]is)
o ARg-SFTE Table 13} 7ol oR|HAS Fal € HFA, &
2 7h, o0 71, HlE] ¢ 2 B2 7R A wigvE
A7 83t 2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu
reagent, (£)-6-hydroxy-2,5,7,8-tetra-methylchromane-2-carboxylic acid
(Trolox), 2,4,6-Tris (2-Pyridyl)-s-triazine (TPTZ), gallic acid, quercetin
53 72 Aok Sigma-AldrichAHSt. Louis, MO, USA)IA T+
Patnen, o ure] A|YEL analytical gradeE T3l AL

s,

ol M=

Fard ] o] AEe AX B EFA, FIA ] S AAs
o ARSIt TS 7IE0RE E wolx 40%, B M 5%
£ 7IEeE vl HEAk 7hE, e 7hE, HIERD co] 7t
&2 mixture design 5 D-optimal designol] ]38+ Table 22] A¢
Aol wpe} Zhzte] g AUtk THlE BE AIEE W
of EFsle] 45¢ FHOE Y F 7127](DSD_060, Daesung
Enertec Co., Siheung, Korea)ol|A] 50°C, 5417} &<t EF A%l
ARE-SFAT
2 digt|e MYE 28t A® CIXiel

Eizk-er 3] HH vgg AEsh] 93 4% oAkl
Design expert 8 (Stat-Ease Co., Minneapolis, MN, USA) X271
A Agstger wgEH A A Y H(response  surface

Table 1. Formulation for herbal pill made with RCP and BMP
(%)

Ingredient Ratio
Honey 33.6
Bee pollen 4
Honey complex . 40
Royal jelly 1.6
Propolis 0.8
RCP 10~35
BMP 10~35 55
Vitamin C 0~10
Barley flour 5 5
Total 100

YRCP: Rubus coreanus powder; BMP: Black mulberry powder
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Table 2. Experimental design of three components in herbal pill
formulation

Independent variable (%)

No. Run
RCP (A) BMP (B)  Vitamin C (C)
1 6 15 35 5
2 8 35 15 5
3 3 35 10 10
4 1 10 35 10
5 11 20 35 0
6 9 22.5 30 2.5
7 7 30 20 5
8 5 17.5 30 7.5
9 2 22.5 22.5 10
10 4 35 10 10
11 12 35 20 0
12 10 26.25 26.25 2.5

"Where A+B+C=55%
IRCP: Rubus coreanus powder; BMP: Black mulberry powder

methodology)2] D-optimal mixture designol|] w2} E-&x}-9t] &
o] ol M 2 9FE F F e AEY BEA 7RO,
20 7FEB), HIEM C(O)F AAsIdch H5HTEE £ dE
ek % Zeleo|t 3 DPPH #h)d A4, FRAPS A
At B2 7HE, Y 7HE, HlER cof §e TS VI
TOF 55%= AASt A E Hu HE o APS AA
e o] AAsisith: 10<524 7H#<35, 1021 7HF<
35, 0<HIE] C<10. AF &EF v¥]&S Table 29 7o} 127119
A F Y ukEdo)] AU

& W= g &8
% d' IS Lee 5(2012)9] ¥ w} Folin-Ciocalteu Al

kS ARl 2AEAT 1 mgmLe] FE) FEES 1.75mL
©] Folin-Ciocalteu A2k H7FsIaL o]e] 5mLe] 7.5% Na,CO &
E3ste] il 308 Bt WHSAIA spectrophotometer (X-MA
1000, Human Co., Seoul, Korea)Z 765 nmol|A] &3=E =43}
Atk F Az FFS allic acidS o&-3le] 2 BFEHF
Ao ghtste] AFEsh
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£ EojEw0|c & =3
F TR wo|= TS Zhishen 5(1999)2] W wE} &7
stk 1 mgmLe] Fx9] FE5E 5% NaNo, 75 uLE 718t

t}. o] o] 1M NaOH 0.5 mLe} FH5 275 uLs F71sked]
415 nmellA] FFEE S o & Skl e
A2 A €l (quercetin, Que)S ©]-&3t] e TEHFFHOZS
B g ekt

DPPH 2iC|g a7 &4 =3

DPPH (2,2'-Diphenyl-1-picrylhydrazyl) 2}t]Z 22752 Blois2]
S Fstel =48] thBlois, 1958). A& 02mLel 60
uM DPPH & 28mLE F7}ete] ¢haollx 3027k w11
o 517 nmelX FFEE S 24 Alge] g A
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Ferric reducing antioxidant power assay (FRAP)

FRAP B4L& =243}17] 9)5lo] Benzie 5(1996)2] HHHS v
SISt Sodium acetate®} acetic acidE &3] pH 3.6
sodium acetate bufferS THE1L, 2,4,6-tripyridyl-s-triazine (TPTZ)<}
40mM HCIE £93le] 10mM TPTZ solutionS WHEJTh. W3-
SAS WE7] 93+ sodium acetate buffer (pH 3.6), 10 mM
TPTZ 2 20mM FeCL6H,05 10:1:12] v &= E3sto] AL&-3}
Atk vkgd 15mLy FEY 50uL 2 SHF 150uLE EF
Skar, 37°CollA 487F WEEAIA 595 nmellA] FEEE SA A
o} AlE9] FRAP 352 troloxZ EFAFTAAE A5l &
A3kt

d
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dHA ATH(Droge, 2002; Halliwell, 1995). Table 4ol #|A]g
of o] BEA}F 717, o] 7HE, BB Co| H7KEol A =

HHoZ Agsh= linear ZPo] M EJL p-value= 0.0481=
frolide] A=A 2l W g olge F Az FEe
3] AL 850A+10.03B+20.11CE vrebtth. zt vighu|o) uwhet
e BREAr] Fe] F HE IS 47524~669.60 mg
GAE/gd] W92 SHS: 5 thEF a3l 229 vl C
(Bendich 5, 1986)2] &0l 7P & AL Z =T} trace plot
< BA% A9 B24 7FHA-A)9 2] 7HREB-BA) kol
WolAd4E F HE Tl Boe AES BAoy 3
=R wERl Co] G A WA BZal 7 9 e vt

Table 3. Physicochemical parameters of Bokbunja-black mulberry herbal pill at various conditions by D-optimal design

No. Run Total phenolic content Total flavonoid content DPPH free radical scavenging FRAP
(mg GAE/g) (mg QE/g) activity (Trolox mM/mL) (mM Trolox/L)

1 6 669.60+82.36 52.92+1.02 15.87+0.02 3.74+0.30
2 8 553.994+29.87 78.09+7.58 16.00+0.02 3.15+0.66
3 3 580.66+4.48 72.88+0.98 16.00+0.00 6.43+0.21
4 1 578.78+1.89 47.01+0.50 15.71+0.01 6.61+£0.41
5 11 498.70+69.81 55.69+1.11 15.70+0.01 0.55+0.03
6 9 589.22+37.95 61.57+0.73 15.71+0.00 2.3440.20
7 7 556.10+29.52 66.63+0.99 15.83+0.00 3.61+0.36
8 5 556.24+0.42 53.2340.62 16.02+0.01 4.69+0.70
9 2 656.39+86.90 58.70+0.87 16.07+0.01 7.13£0.99
10 4 619.25+59.62 67.40+1.36 16.09+0.00 6.51+£0.41
11 12 475.24+36.39 66.47+4.71 15.38+0.01 0.13+0.06
12 10 500.60+6.63 58.37+1.65 15.86+0.01 1.76+0.22

Table 4. Analysis of predicted model equation for the quality characteristics of herbal pill added with RCP and BMP

Response Model F-value Prob>F Equation on terms of actual component
Total phenolic content Linear 433 0.0481 8.50A+10.03B+20.11C
Total flavonoid content Linear 31.27 <0.0001 1.63A+0.66B+0.78C
. . .. . 0.26A+0.28B+0.03C+8.21417E-004 AB+
DPPH free radical scavenging activity =~ Quadratic 8.03 0.0387 825633E-003AC+5.42939E-003 BC
FRAP Linear 369.63 <0.0001 —-3.64728E-005A+0.01B+0.63C
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Fig. 1. Contour plot for effect of RCP (A), BMP (B), and vitamin C on the total polyphenol and flavonoid contents, DPPH free radical

scavenging activity, and FRAP of herbal pill.
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Attt
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£ ZflHL0|E &2

27 HlE SEES] FgEieol= oA dsleg v e
oy e B4 7)%50] F2 B AT WAL JrHKim,
2012; Zhishen & 1999). & ZFetHicol= TS A3 A3,
47.01~78.09 mg QE/ge] WHE Ve, B84 71, o] 7}t
F g e Cco HUFgol 47 5y E 283l linear B
do] Me=Qtt, o]He A3E 0|43 F ST o= e
3742 Table 494 Hi= upe}l ZFo] 1.63A+0.66B+0.78CE =
ZF AT} trace plots A8 A3} B2 7HHA-AN)S e
o] ZolHFE F FetHicol= FFo] FUSI oM, p-values
<0.0001°]22 23 tigt Aol AH =AU o9k 22 F
= FARA Bl RS 84 FEHEolE A9 IE
Ao} (Choung® Lim, 2012)° 71213k Aoz ALE¥ T} Ragt

Kim (2016)°] waw BEAe} oUE #Hrie agoju] hxe
ol Hla) fodos o HE IS Red, B AT
AN o]e} FARBHA HA 7HE H7HEC] B&4E F 29
Hi-ol= gheko] Frkehes 2102 YElytt

DPPH EiC|E & &4

Table 39|41} o] Ez-9t] $k¢] DPPH 2lt)d &As &
AL 371k A3} 1538~16.09 Trolox mM/mLe] B2 LFelst
3, 3AAL 026A+0.28B+0.03C+8.21417E-004AB+8.25633E-
003AC+5.42939E-003 BCZ quaratic 2do] A&HE10™ p-value
£ <005 FEolA feAel 1=k DPPH Sz &A &
e EQe fE]7]ddl #971%5S 7H proton ionS AlF-3sted
Hgsls Rk WHoeE Eeysly falst felvlE o
3}r]7)= H9E-S gl (Canadanovic-Brunet 5, 2005). wehA] wA]
o] BEAEZo] A g &2 Akslgol| ofste] WAt
hydroxyl radical 2~ superoxide radical 52 A|Ash= 1ks}
SEs Wk W ARREE AEE B2 PAFE FAsiso] ¢
3 Ao WAsITHLee 5, 2011). DPPH 22 A% trace
plotS A& Azl vghwl ¢ (C-CA)e Hrlge] F7Med=
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Fig. 2. Trace plot for effect of RCP (A), BMP (B), and vitamin C on the total polyphenol and flavonoid contents, DPPH free radical

scavenging activity, and FRAP of herbal pill
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Ferric reducing antioxidant power assay (FRAP)

FRAP €742 DPPH =tz &A5o] A 2ft]Z(free radical)
< APH0RE AT A 93] st @48 Wriske W
el wks, ksl 9 gkl he-E o] g8t MAYES o]&stE
2 DPPH tZ &7%3 the A3t vehd & Aok ol =
7o) WE FRAP @42 Table 304 HiE uke} 7o) 0.13~7.13
mM Trolox/Le] HH&E e E72 7HF 22.5%, 2H 7HF
22.5%, HIEH] C 10% 2P No. 9)°M HAZS Btk Table
401 3]A22 —3.64728E-005A+0.01B+0.63C0] ™, p-value=
<0.0001%2 F2]% 2po]7} YElstth Trace plots Falskd HIE}
9l C (C-CAyt 43 o=z Hrivke] 7145 FRAP &

ol ZoAlE AR eyttt AN F SRS Fashd
22 7HRE A9E o] 7 3 HIER] C= FRAP 2449
SBAA FFE FAUTE Sungd Choi (2014)F WEW or] &
48 FHrete] A %3 e TEEE R vl fode=w
2kl Eado] ZUHEHS B B Age] 4 Aol FAHA o
EbwtTt.

=& ks &AdS HEZ D-optimal mixture
design H A3} =75 o]&3fe] A BEA-2] 3| wigy]
£ oS3} A 71 35%, Y 7R 10%, HIER C 10%
£ ks A WA ] g ERAF 7R 22.5%, 20 7F
F 22.5%, BIEFR C 10%E X338k 7 WA wigu]rt 225
ATHTable 5). AE F=2] BFZ Maximized, Minimized ¥ In
rangeE 478313 Desirability2}= s WH8 WHOR HX 37t
AA =T}, Desirability= 7+ ¥H-oll tisl] ulgkzgl W9, & 0
oA 1& Rigste AAAQ FE ¥-g©] Desirability®] HEE
Hojuh Az 3= 00] BrhAnderson-Cook &, 2009). Lazic
(2006)°1 =™ Desirability #t°] 0.8~19 o AF FE- A%
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Table 5. Optimized formulations and predicted response based on constraints applied to significant variables compared to experimental

data
Variables Optimization criteria Formulation 1 Formulation 2
Independent

A:RCP In range 35 225

B: BMP In range 10 22.5

C: Vitamin C In range 10 10

Total (A+B+C) 55 55

Dependent

Total phenolic content Maximized 598.87 617.95

Total flavonoid content Maximized 71.46 59.39

DPPH free radical scavenging activity Maximized 16.06 16.02

FRAP Maximized 6.47 6.64

Desirability 0.814 0.707
RCP: Rubus coreanus powder; BMP: Black mulberry powder
g 95 Ao AR, I Flo] 0635t Wow AFF References
Ho| nlggslr] ¢o Ao g 7FHW| Desirability #o] 0375
o} @S w FREA L= AFoR FFHT =YW BE Ahn‘DI’<. Illustrated book of Korea medicinal herbs. Kyohaksa Pub-
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= X = wol= 9, DPPH 2tH# &27]s, FRAPO] 3 tf design evaluation and comparison. J. Stat. Plan. Inference. 139:
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A&l E£3HE AAM F D-optimal mixture designs
S 522 7HR, o] 7R B HER C kol wet &
Exl-o0] 3] % HE % ZEfHwo|= ¢, FRAPO| linear &
4, DPPH 22 &7EA4LS quadratic U‘ﬂg‘i AR Eon 3
AXL p-valuee] Fkel ZHzF 0.0481, <0.0001, <0.0001 = 0.0387
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e A BRAT E2A 7 B or] JHE Hvbe] B84
Q FEFE A e AR veieth & EgtRkels e
EEA 71| o] SIS A HoAle ASE JER
th. DPPH 2t &AL HE C A7bgo] =855 F7t
oM, EAl 71e] Arkgo] Ui HolAH hadke Ao
2 YERSTH FRAP €442 HIE] C9F U7 H7leo] 34
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Ao Foher).
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