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Abstract: Lotus seed processing by-product-lotus seed epicarp residue was collected as experimental materials. Based on the results of
single factor experiment, response surface methodology (RSM) was used to optimize the ultrasonic-assisted extraction of bioactive compounds
from lotus seed epicarp residue, and total phenolic content (TPC), total proanthocyanidin content and DPPH-" scavenging capacity were set as
response values. Experimental data were fitted to three quadratic polynomial models and the regression equations were significant with good
fitting degree. The optimal extraction conditions were as follows: Acetone concentration of 70%, liquid to solid ratio of 1:25.5 g/ mL, extraction
temperature as 50 “C and sonication time as1.6 hour. Under these conditions, the practical values of responses were 194.54+3.63 mg GAE/g DW,
243.15+2.88 mg CE/g DW, 238.53£3.07 mg AAE/g DW, respectively, which were consistent with the predicted values. So the established
models could accurately predict the results of total phenolic content, total proanthocyanidin content and DPPH-* scavenging capacity in lotus
seed epicarp residue. We determined the phytochemical content and in vitro antioxidant activities of diverse lotus seed epicarp residue and found
that they are rich in bioactive compounds including polyphenols, flavonoids, proanthocyanidins, triterpenes, and with high antioxidant activity.
The study suggested that lotus seed epicarp residue contains high amount of bioactive chemicals and is of great potential for research and
development.
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Fig.5 The effect of extraction time on total phenolic content,

total proanthocyanidin content and DPPH-* scavenging
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(X, g/mL) /(Xy> h) /(Xs> C) /(mg GAE/g DW) /(mg CE/g DW) /(mg AAE/g DW)
1 1:25(0) 1.5(0) 50(0) 193.46 242.96 238.49
2 1:25(0) 1.5(0) 50(0) 193.80 243.44 237.88
TR

203



R EmiB Modern Food Science and Technology 2019, Vol.35, No.4
#EER

3 1:25(0) 2(+1) 60(+1) 182.67 223.03 22226
4 1:25(0) 1-1) 40(-1) 173.74 210.08 204.36
5 1:25(0) 1.5(0) 50(0) 192.84 238.84 236.90
6 1:25(0) 1-1) 60(+1) 169.49 228.99 200.41
7 1:20(-1) 2(+1) 50(0) 183.07 216.09 213.90
8 1:25(0) 1.5(0) 50(0) 194.18 24472 238.10
9 1:25(0) 1.5(0) 50(0) 193.95 24339 238.29
10 1:30(+1) 1.5(0) 60(+1) 180.24 219.50 208.49
11 1:30(+1) 2(+1) 50(0) 179.71 22375 206.85
12 1:30(+1) 1.5(0) 40(-1) 182.62 222.86 213.66
13 1:30(+1) 1(-1) 50(0) 173.23 216.81 204.19
14 1:20(-1) 1.5(0) 60(+1) 178.37 214.24 209.86
15 1:25(0) 2(+1) 40(-1) 181.63 231.28 213.02
16 1:20(-1) 1.5(0) 40(-1) 176.42 213.96 203.25
17 1:20(-1) 1(-1) 50(0) 165.26 217.80 188.86

7 2 i@ BB SLENRIT A TSKIE RIS R BMA HFIER AT
Table 2 A second-order polynomial equation and statistical parameters calculated after implementation of BB design
—ARERXTAR R’ adiR> EFRAHKCV P AWF  FIA
+193.65+1.58X,+5.67X,-0.45X3-2.83.X,.X>-

, . . 09963 0.9916 0.46% <0.0001 ** 00864  210.13
109X, Xs+1.33 XoXs-7.90X,-10.43X,2-6.33.X;
1242.67+2.60X+2.56X,10.95 X5 2. 16X, X-

i . . 09725 09371 133% 00001 ** 01677 2748
0.91X,X:-6.79X,X5- 14 88X,-9.17X,-10.15X,

A +237.93+2.16X+7.27X,+0.84X5-5.60X,.%5, 09989 09975 0.37% <0.0001 **  0.1954  709.97

2.95X.X5+3.30X,X5-17.84X,%-16.64X,%-11.28 X3

E: *EFRE (p<0.05);, **EFEEFE (p<0.01).
222 R A& EAER ST c

Y,: % / (mg/g)

4 14 \
X, R / C 40 1.0 X, RIS ] / h
E 6 Rttt 12EETE, REUEE=EREXEEAMEHEE
BOME Rz e
Fig.6 Response surface plot of the interaction effects of solid to
liquid ratio, extraction time and extraction temperature on
TPC
B — CEl) H, G R nT 5N, 38 HI0 XX,
1E p<0.01 KT EEZE, XX XoXs 7E p<0.05 /KF- L
B3E . FFE, il 6 Fow, 3D M i el o R
~ Ve LA R B, ] SR PP LA
X C P e 2 X RHk(gm) FIRTERA SRR R 2. [ 6a W AREUR B

204



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

(50 C), FHE LS HEEU ] A EAE A S &=
DR PR B /ME. (1:20 g/mL, 1h) Bfi
Py & oA TRl (165.26 mg/g); Y& ERERE
WL S AR B TR g m, = XX, 70 lis®] 1:25
g/mL f 1.5 h I, Sy & & gl i 5 e (194.18 mg/g):
PRI LG A SR [A) e s B R AR s n, S A
BIFUAMER. %4558 5 Rodrigues Al Gas®” 45 12401

o

Y, BAEGEK / (mg/g)

o

Y, BALEE / (mg/g)

o

Y, BAEtE / (mg/g)

45 14
X AR/ C 10 X, FEHUH A/
& 7 #iktt ., {RENETE], REEE =RAEXE(ERAXEREE
ZEENNNEE

Fig.7 Response surface plot of the interaction effects of solid to
liquid ratio, extraction time and extraction temperature on
total proanthocyanidin content

B = (RJE etz b, BB HAEHL 3D
ma SR (B 7)) FoR, HA A B XX 78 p<0.01
KV LR, XX XX WIAR, RUIEH E]
SRBGR R HAEH B . BRREEE (1:25 g/mL),
SRR ARG U 8] 52 BAE AN Te s o 243 U
JE2 40 “CI, RIS G INZE 1.75 h I, SRR

Slts I 60 CIY, MR G, FEHU 1
BN 138 he KA TARMURIET S B TR NG
BUR, RS AR R,

Y, DPPHERRAET] / (mg/g) o

Y, DPPHIHFRAET) / (mg/g) o

Y, DPPH'HRETT / (mglg) o

— 1.4

X RBURE / C 4071.0 X, SR / b

[l 8 #LKLL. fRENETE], RENRE =FERZE{ERXT DPPH 75
FRaE RN S E

Fig.8 Response surface plot of the interaction effects of solid to

1.2

liquid ratio, extraction time and extraction temperature on
DPPH-* scavenging capacity

A= (DPPH-D) 1, Giit/rtiR i =FEZ
TERIIINR R (p<0.01), H=4Em N 8 Frxs.
XiXon XX XoXs MR FERLBE, HAESSONMARTE .
PR G SRR TE] S SRR B = R R I 22 HAEH]
Xt DPPH- V& FRAE Ik % . thT DPPH-"V&BRAE
NERGEHZMHEREEMR, BB
DPPH- & B A8 7 4 5 5 4 B AR Xob S Ty £ 5 52 )
AR, BIEEY) DPPH-VERRAE 1T 5 52 FIFEEL
ARG . SRS TAEE (1.5 h) I, SRR
FE 5 RRE LA AR Wil 8b B, Rk b S A B

205



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

FESF MG N A 1:25 g/mL K 50 ‘CHY, DPPH-J&FREE S
R T A, 4PN RS s T ROE(ER, DPPH-
THRRAETT RS
223 RIBKACEKH T AISIE

SEMA AR, BJFETEE . DPPH- TERRAES,
RERARSEIEAF 9. BRELE 1:25.49 g/mL, $2EEUS
8] 1.58 h, $EHUIRE 49.90 C, Wi b {E T 45 F43 5N -
M5y 19431 mg GAE/g DW, LSRG E 242.99 mg
CE/g DW, DPPH-J&F:fE /] 238.60 mg AAE/g DW,
SERTIEEEN 98.3%. UG IEM N [T R T4 71
F BB RAE = TR RN, SRR RUR R
BRI L 1:25.5 g/mL, FEHURSTE] 1.6 h, $EHGEE 50 C.
BEAT =R E AR EON G, 15 3 SR e B 23 0 A
194.54+3.63 mg GAE/g DW, 243.15+2.88 mg CE/g
DW, 238.53+3.07 mg AAE/g DW, STlEMFF, iE
BH AT 5 A e S TS 2R 2 37 A5 R

23 ETREMMMFFEEXBSAAMN

B A

23.1 MM FE ST AR ILBALE M

1E 223 AT I 2T, X = i 7 v
ST e, BRI RNER 3 fn. T RE
W B 2 P EETE I, A B R R

M. SR, SRR BN E RN

(p<0.05). AXHETFEBRILEORTEAN
136.88~246.35 mg CE/g DW, [T &) FFHEE R B R AL
%454 70.7 mg CE/g DWPY, SE5 b th o i
NI RO Z SR 106.22%7, kAl ks T
B R SR . AU E T R e =
EEZN 83.10~174.92 mg UAE/g DW, HEfRTRZE
=R R %, HERZN 907 mg UAE/g
DWP, A SE T s R =R S B, At
HET R =Y AT IR AL, TR R
B R =as o

T AEH kAT ORI VAN, TR

 IRERME 2R PR M 2 3 EI0RT BE JE2al R b T
VIR BOFTEAAERY, DRI A 206 S FH 2 Rl 52 7 420t
M RO BB AR S A TE VAT SR G VR
DPPH. ABTS H HZEIERR LG /2 FARP bt fbiRe
SRS TR BRSNS BE AT, ik 3 AT
A, =RPTEAGTE RPN A AR, T OB R
AR AN TEE, oA B (s T BB SR )
PraATE R, T B AR S - BB
YA AL, IUAE ABTS: TE AL BB FiANE .
ULB ABTS- "5 bR BE 1156 R =5 T DPPH- T
e /1R 06 M FRAP REJEAE 1 s2ib, %4505
Surveswaran 2552515251,

3 EFEETEMNF RS ERMIMIENENE
Table 3 The phytochemical content and in vitro antioxidant activity of lotus seed epicarp residue

3B + 25558 #E PetgiE
BBy 112.05+0.79° 105.64+2.27° 194.54+3.63°
S0 40.59+0.98° 41.30+1.03° 78.7242.16°
LRLEE 137.09+1.37° 136.88+1.79° 243.15+2.88°
B 85.48+3.64° 83.10+3.15° 174.92+4.83°
DPPH- " /&I aE 7 117.68+3.23° 117.8842.19° 238.53+3.07°
FRAP Zi& 487 119.0342.65° 118.9842.90° 223.85+4.73°

ABTS 7R 4

3661.97433.84°

3545.394+46.90° 7973.18+64.20°

E: B—AFPRRAFERAKERNLAREFZF (p<0.05); L8 mg GAE/g DW; % %8/% RitE&% mg CE/g DW;
DPPH-"/FRAP/ABTS " mg AAE/g DW; ¥ =# mg UAE/g DW (#¥77 %L 1.3.3.4).
<4 EFEEEYNFERESESMENWEEEREEE 2T
Table 4 The correlation analysis between phytochemical content and antioxidant activities in lotus seed epicarp residue extract

T E BBy iS40 ERiLeE DPPH-* FRAP ABTS"*
KBy 1
bS 3 0.994%*%* 1
BRILEE 0.996** 0.998%** 1
DPPH-* 0.992%* 0.996** 0.998* 1
FRAP 0.997** 0.996%* 0.997%* 0.995%* 1
ABTS"" 0.997** 0.997#* 0.999#* 0.997** 0.997** 1
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232 ARMSH

KH B2 /R#R (Pearson) AR RFUHATG T 04T,
B B, BRI E AR DPPH. FRAP.
ABTS- HUAE A W P 2 IR (A S M e b 4 IR 3k 4
FivRe HURAIAL, FTA 45 R37E p<0.01 KF LR,
RO =AU VA e (2 A1 35 B e A 9%
PEo FERET B EFE R GABY. SR,
BIFEEZR) SRS =T Emm a3 m A
%, ULRHZEY. TEEH. A RPONE T E T R
PrEIE I, BA RO E HEERREE .

3 Zig

RS St B DR 2R SR 2 VA TN T0% N,
Frf eI R 2 K R 2K, BRI ST BB
Wit, LUy, BJRIEEER . DPPH- VERRAE /1A
B, SPRRR L. SRR . $RBUSEHE T, Fml
VARSI AT RO S B 5 R . BRI T2 A K
ML 1:25.5 g/mL, FEEUTE] 1.6 h, FEEURE 50 C,
WA E T BRI S & BEEEREEK
DPPH- &R AE S/ Bl MBI AT I 2.89 £, 2.58
5 % 2.95 £ (LELRIZR S0 H N FRFRIEE NS %)
TESARSEIEEAT T, X = SRS 1 R A S A T
YIS A B M PUATE RN e . SRIRes R, =&
RIS T Y E S 2 W JORIH. FAEt R L=k
FEER, Horh Bt s T B EY R A E
B, HEA B RIMUEGE . Seaa R urEe
T B VR R AR A T 1 A SRR AN B A R
P, SR H RO R BT R R AR Z, A
SONYET BB N AEYIEYE R 2 AT R 456 R R
ft7 2% B AT %
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