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ABSTRACT: Objective To develop a compound beverage formula with Lonicera japonica Thunb., Prunella

vulgaris L. and Plumeria rubra L. cv Acutifolia as materials, and investigate its antioxidant activity. Methods The
addition amount of Lonicera japonica Thunb. extract, Prunella vulgaris L. extract, Plumeria rubra L. cv Acutifolia
extract and the ratio of sugar to lemon juice were tested by single factor, and then best formula of composite
beverage was determined by orthogonal experiment. The content of total flavonoids and total phenols in compound
beverage under optimal process were determined by NaNO,-Al(NOs;); colorimetric method and Folinol
colorimetric method, respectively; the scavenging rates of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
(DPPH ), 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate) ammonium salt (ABTS) cationic free radical (ABTS"-)
and hydroxyl radical of compound beverage after simulated gastrointestinal digestion were investigated. Results
The best formula of compound beverage with Lonicera japonica extract 10%, Prunella extract 5%, Pulmeria extract
30%, the raito of sugar to lemon juice 200:120 (g/mL); the content of total flavonoids and total phenols in the beverage
was 0.52 and 0.90 mg/mL, respectively. In a certain concentration range, the antioxidant capacity of compound beverage
increased with the increase of mass concentration, and there was a dose effect relationship between free radical
scavenging capacity and concentration. When the mass concentration of phenols was 0.50 mg/mL, the scavenging
capacity of free radical was stronger or equal to that of vitamin C (VC) in the same concentration. The elimination
rates of DPPH-, ABTS"* and hydroxyl radical of compound beverage and VC solution in simulated gastric digestion
system decreased with the increase of digestion time; and the elimination rates of of DPPH- and hydroxyl radical in
simulated intestinal digestive system by compound beverage and VC solution also showed a decreasing trend. However,
the elimination rate of ABTS" by compound beverage and VC solution increased first, and reached the maximum after
digestion for 1 h, which was significantly different from that before digestion; and then it went down as digestion time
extension, and there was no significant difference in the elimination rate between no digestion and digestion for 2 h;
after gastrointestinal digestion, the antioxidant activity of compound beverage and VC solution decreased, but the
antioxidant activity of compound beverage was stronger than VC solution at the same concentration. Conclusions The
compound beverage has the advantages of transparent color, good flavor, good taste, good free radical scavenging ability

and strong oxidation resistance. The results can provide theoretical basis for the development of energy drinks.
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SERAE . ERNE | GEACYA T 0 TR &L AR
FAPBEA AT .
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oo R JF wE W -6 T iR ) T #F b [2,2°-azinobis-(3-
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Table 1 Orthogonal test factors and levels table

7K A% B/% C/% D (g/mL)
5 5 20 200:80

10 10 30 200:100

3 15 15 40 200:120

1.6 RREFMN

SMMANIR . FR . RIE S GE 4 DT R TIRE
TEMU, BB SN, 84 100 4% BT RN ISIT A5 1
N3 2 iR,
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Table 2 Sensory evaluation table of compound beverage

P H PRt Sy E/SY
R IIR SR 60, A O6PE 11~15
P15 43) HiE R MR E A, a5, 6~10
B R IRE A, WA E. 0~5
BBV, NEDBD S ENEY . 15~20
HSAIL(20 43) KB HEE, AOBANEY, 5. 9~14
kA A KRR EY, Sk, 0~8
R, B, ORI, TRERH 21~35
WIE (35 43) g, i, RIS E, WE A, 11~20
FURAME 0~10
HANE, SR, MELRKEARG, WS E, A RA%, 21~30
(30 5) SURGE, GARAE, XGEEALMMGE AT Horp i — R, ol G HHR AR, JCHALAR R BRiE . 11~20

ToBARAE, EAGEE, XEERIRIE, I HA AR Rk 0~10
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BE (X, mg/L) B AL bR, 2l b dh 2, 75 a5 B
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NaNO,-AI(NOs); £ 32 I 5 i 2 iUV 5 B, AW b
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r2=0.9977.
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e FIHE TR M6 200:100 (g/mL)i, BCETEA A F)
i, 4(93.242.31)58; SIHAMAL 22 R B 2 (P<0.05)
YA RPHE SR T LR T 200:100 (g/mL)AGATEE, BRiE
BOHWR . WOREK . KBRALZE, Y i S AT L/
F 200:100 (g/mL)RJEHE, Yo RE T FRRE, FrE R
WRERH, W T ARSI S A AUk, A A 2%
[H 64 200: 80, 200:100, 200: 120 (g/mL)FY RS -S4
B AT A 525
22 SRTEBHEBELRIRAAIER LW

3 3 PIEAC SR G AT LA, 45 B R xH ok
HBCET P42 K/ N il C>ASB>D. i 4 AT, %
D JrEdm/D, VERIRZETGHAT /0T, XS EAL IR P ik
(C) 5 4 iR AEIR B IR AR AR (A) X B A RORHE B PR 52
Wi R A EORARBOR AR B R R E . h#E 3
k (E15 H & F R RKTFAHE R ABICD;; WETIEM
éﬁ%ﬁ”ﬁ, ARt A,B,C,D3; W%ét%—ﬁ, A4
FRAERAR B IR IMARTN 10%, AR BRI A A AT
5%, GEACRFEIR AR IABCN 30%, AT ST
Fe 32k 200:120 (g/mL). L A,B,C,D; T 3 A THIESL I,
2RO YRR €3 U YA ONEL A I N R E NI D VIR ST I
R4 ANHHEBATAT Sy, BOFIE, W5k 93.7+0.8; Bl
MVCRHB I B, AT I0 OIS, Kk TBEAE,
23 MENEMRNER

22 E AR AB CoDy HP R B P X R R
0.52 mg/mL, EE-FHE RN 0.90 mg/mL, & &R
B2 MG 2wk iEt), SRSERERERN Ve &
WO AR, ELAPE BT AL IS, SR 5.

h7E s AT, E-AYCkM VC % DPPH- . ABTS'-
R H RS B R A b — 8, B PRR YN E R
FIRm F A EE A KB h 2B S VC B B
0.50 mg/mL B, A UkXT DPPH - 7 B & 3 & T [H) %
Bk BE VC (P<0.05), BLHIE & 10EHH VC X DPPH: HA
FESRIGTEBREE ST, X AT BE S E A YO A T R R A
K, ZW S AYMEE, S T2 A orx DPPH-

AT BR R, AR T RE DN Ry & A Ok 4 B REAR I B 2 ]
F AR, R IR e i, HA % DPPH - 553 A 7 Bk
1. TMFE 0.50 mg/mL B, & AWK ABTS™F¥ A
FEHEER S VCHH 2 (P<0.05), AT B2 SR BEIRIE
Hear 2 s R, AR MUt E A, BB AT R0E
B ABTS'- FIER3E [ 32224
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Table 3 Orthogonal experimental results

- EEIFE
SIS A% B/% C/% D (g/mL) MR

1 1 1 1 1 80.3

2 1 2 2 2 90.1

3 1 3 3 3 84.3

4 2 1 2 3 923

5 2 2 3 1 88.1

6 2 3 1 2 783

7 3 1 3 2 83.2

8 3 2 1 3 77.2

9 3 3 2 1 82.1

k; 84.90 85.27 78.60 83.50

ks 86.23 85.13 88.17 83.87

ks 80.83 81.57 85.20 84.60

R 5.40 3.70 9.57 1.10

24 FIMEILBBEU RS I ENE MR
H12 6 BN, BEETEALES R IE K, B E THL R S0
hE SRS VC BT DPPH: . ABTS - 5325 A fy 2
PG BRI 2 RS RS UCRRT VC . Tk
2.0 h B}, VC W4} DPPH- . ABTS™ - 5¥:4L A th 3L 175 %
ROBIHN 52.17%. 51.64%F1 56.67%, HIHALRTZ T K
T 40.36%. 40.18%71 36.02%; Kk 2.0 h i}, Z&YHRX}
DPPH-. ABTS"- 53 A i ZEBRER S 58 (0.15% .
63.58%F1 55.99%, LIHALHET/A T 32.79%. 35.19%
M 41.71%; S5THACHTPL A ML 25 55 135 (P<0.05); £ H )
TR 22 By 55 % i 45 4 0 1 s R ), Bk e R
W X 5 AE R R R AR A 4 SR — 20T (A T &
W, BWCEERIEIREE, £ R TR B b e R e AR e,

®4 EXZRFENFE

Table 4 Analysis of variance of orthogonal test

75 5 R A Rl A Y5 F BT
REIERLAY 217.787a 6 36.298 38.569 0.025
R 63487.201 1 63487.201 67459.836 0.000
A 47.476 2 23.738 25223 0.038*
B 26.429 2 13.214 14.041 0.066
C 143.882 2 71.941 76.443 0.013*
D(#Z) 1.882 2 0.941
B 63706.87 9
e IE M 2Tt 299.669 8

RN EREE, P<0.05,
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Table S Comparison of 3 kinds of free radicals scavenging abilities between compound beverage and VC solution (n=3)
DPPH - {5 B #%/% ABTS" - i BRHR/% I A IR R/ %
JUH R /(mg/mL)
BA Uk vC AR vC A0k vC
0.1 56.2242.23" 55.4142.67° 80.32+1.78° 90.12+2.66" 55.40+3.86° 78.82+2.35%
0.2 78.89+1.05" 77.62+1.23° 87.56+2.85° 93.56+1.55° 77.56+1.81° 82.23+3.27°
0.3 87.63+1.28" 86.37+1.05" 96.52+1.08" 98.17+2.62° 86.13+2.82° 87.61+3.16"
0.4 92.63+1.68" 90.03+2.52° 97.82+£1.27* 98.27+1.14* 90.32+1.10° 91.63+1.23"
0.5 94.660.53° 93.77+0.68" 98.21+1.32° 98.73+1.19° 91.46+1.03° 91.97+3.26

T AR/NEFEERRTE 0.05 K- b, EaU0R- SRR BTEWE VC AR LT R 225 .

55 H A ST 25 B 1) 22 T 05 K il Ry U 2 1 B 2 T, il L
SR NS (EE 2 b T B O A A S
FEAR, SEORIEPEREANR, B BT TR, ez
BWIELE, ZAUR AR T — Rt S ik, 3
AR A SRR BE T R X — P RIE,

N 7 PRTLIE H, SBBiE e BE 2 AR S
VC FWEBRIEIF A oL A 30 (AR AR
VC ¥4 DPPH- . ABTS - 523t § i ELIEBREE J158, X
A RESE T AL R AR, A OB P AR E P A IR 5
&2 A AL, A A ORI B s BR AR
JIRTF VCIEW; Wi LR e, &8k Ve
WX DPPH: 5 ¥ A iR ATE BRI S F R Wik
2.0 h i, EAYCRAT DPPH- 5 ¥25E [ L A4 35 55 2 70 1)
M 44.33%F1 11.48%, LLIHALTT TRET 49.60%F1 86.22%;
VC ¥4 DPPH - 52 3E Bt SE MG BR R4 51128 37.73%F1
21.31%, FLHALRT I T 56.26%F1 59.46%; &&H0E S
VC HIRXT ABTS - I 5% 43 5k 88.02%F1 86.26%, M
LR A IE R, ST ABTS - iR L7, 7EHfk 1.0 h
J&, TBRRIR R K 92.75%F1 89.25%, H1M1LAT2E
S BEE WAL R AE KRS R R, THAE 2.0 h B, TERR
RN 87.55%F1 84.88%. HIALIH KRR T T REM K
AR A BTH L RSB, £ By B FEms 5 T
Bl A A 1) R AR A RN, AR TE TERR AR,

%6

3%} DPPH- 152k [ fi BE VS o i 2% PR T R
BA YR A AE M S B PO Bk DPPH 52
B A i ARE R AR T TR S A e PR T A4S
TG BREIR, i IR, e 2 H AP AT LU AL
R, A N, BT Y R A
[ Rl RES R A A OB IR S, A S R ABTS
TH RS BT, SRS REE AL TR SE G, S 25 e p 49
/INT 2 B e i it I )V P, S R AR ),
FECHERR T

3 & i

PIGERAE . EMTRORNS AL ) FEM R, S5 4 R M
IEASSIGAEXTCRI I TS, B8 SR A A Y S AL 2N TR
RO IR 10% S AR . S%EAMFIRER . 30%
XSEACRIRIE . FIHDHES FUbBE LAl 200:120 (¢/mL), 7E1
SME, BULPORIBE R S EAE, OF L4S B IA I XU,
TIHAMF g, ORRE, WRYSEH. 280Kt Z5
R R 0.5 mg/mL [, % DPPH- . ABTS™- flf% [ f %t
T B 2 4 5K (94.6620.53)% . (98.21+1.32)% F1 (91.46+
1.03)%; HoAth & A PCRHIEAS B SO A PoR)
AR H AT A YR P SR BB A A Ok PO R
DPPH -7 BRFEBME TR E AR, Bl BORL DA s

FSMEMBHURZE SRS VO RRIME LB B (n=3)

Table 6 Comparison of antioxidant activity between compound tea beverage and VC solution simulating gastric digestive
system in vitro (n=3)

Wik, DPPH - Ti§ B /% ABTS" - F%/% FEE A IR BR /%

LIl / AR Ve Aok} e Aok Ve
0 89.49+3.72° 87.47+4.13° 98.10+3.94° 86.32+4.19° 96.05+2..77* 88.57+3.56"
0.5 74.32+3.89° 73.99+4.21° 86.21+1.39° 77.66£1.19° 88.78+3.68" 78.34+2.64°
1.0 64.53+3.34° 67.81£1.37° 84.79+1.27° 70.05+4.56° 84.94+5.22° 63.70+3.28°
1.5 60.58+2.92¢ 54.32+2.06° 66.23+2.38¢ 61.63+3.87¢ 61.53+4.03¢ 59.17+1.63¢
2.0 60.15+3.43¢ 52.17+1.86° 63.5842.53° 51.64+1.44° 55.99+1.69° 56.67+2.01°

TE: FISIARNG FPRFOR A RIS B Z [I7E 0.05 KEAFAER 2SR, TR,



%510 1 A%, & SRR ELE G ORI K T A 1S R 3341
Fz7 MIMEHGELRZEAIRNS VCBRRIMANEMELEN=3)
Table 7 Comparison of antioxidant activity between compound tea beverage and VC solution simulating intestinal digestive
system in vitro (n=3)
Wik DPPH-EER /% ABTS i BR#/% FEIE A HIEEBR R/ %
T/ AR ve AR ve AR vC
0 87.96+4.13° 86.26+3.53° 88.02+1.39° 86.26+1.83° 83.33+2.27° 52.56+1.35°
0.5 78.56+4.36" 73.45+3.75" 89.89+1.72° 88.67+1.52° 82.16+1.32° 48.93+2.96"
1.0 65.66+2.38° 61.27+2.22° 92.75+3.68" 89.25+1.16 80.74+1.27° 45.01+2.34¢
1.5 52.11+4.69° 49.79+3.81¢ 89.56+1.25° 88.32+1.87° 56.28+2.35° 32.26+2.84¢
2.0 44.33+1.62° 37.73+2.96° 87.55+1.86° 84.88+1.22° 11.48+5.63¢ 21.31+3.55¢

AR A TR [(93.58+2.21) % F T E &1k
R BR R, HAl AN OR X ¥ B ST BRI T %
ARG BR 2, ULBA AR ST 1Y) 4 4R AL S A RS 2R
TR AR RS BT R L TG, RROSAR AT v BR B h
&, &8RaEE, 2670 VC BRI At ELhg
HEIFRE, BE ARG A LR 58T VC B, 1
Wit BRI R GG, E6 UM B A B5R 4t
AALTEPE, PIVEBR B R L, (AR N i o S Ak i R
RELUBT, R4 240 AN Bl A0 43, DA T 4 4 4t L O 5 74 A=
e A 2 A UOR T2 A R R
PrEALTE MR, VERIRA AE PR gD BRIk A
WAL= L,
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