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Effects and Mechanisms of Low-temperature Plasma Pretreatment
on the Ultrasound-assisted Extraction Process of Total Flavonoids
from Ginger Powder

XU Yanyang"®, LI Xuefeng', CHAI Yuxing', CHEN Yunjie', WANG Xuesong™"

(1.College of Food Science and Engineering, Jilin University, Changchun 130062, China;
2.College of Life Science, Jilin University, Changchun 130000, China)

Abstract: Objective: Effects of low-temperature plasma pretreatment assisted by ultrasound on the extraction of total
flavonoids from ginger powder were studied, and its mechanism was preliminary discussed, and provided a new method for
the extraction of total flavonoids from ginger powder. Methods: The single-factor tests and three-factor three-level response
surface optimization tests were carried out with the yield of total flavonoids in ginger powder as the index and discharge
power, treatment time and air intake volume of low-temperature plasma as factors. Meanwhile, the contents of 21 kinds of
polyphenols in ginger powder were determined by HPLC before and after low-temperature plasma treatment, and the
structure of ginger powder were characterized by scanning electron microscope (SEM) and Fourier transform infrared
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spectroscopy (FTIR). Results: The optimum extraction conditions for total flavonoids from ginger powder were as follows:

Vacuum degree less than 100 Pa, discharge power of 295 W, treatment time of 60 s, air intake volume of 150 cm*/min, and

the yield of total flavonoids was 26.9 mg/g. Chromatographic results showed that 21 kinds of polyphenols were separated
with high precision (relative standard deviation, RSD <3.75%), good stability (RSD <4.25%), good repeatability (RSD <
4.75%) and accurate and reliable recovery rate (average recovery rate of 84.11%~100.86%). After low-temperature plasma

treatment, total flavonoids content in ginger was increased, and phenolic acids content was decreased. Etching effect of low-

temperature plasma increased the surface roughness of starch particles and cell wall fragments in ginger powder and led to

the decomposition of lignin, which increased the contact area between solvent and ginger powder, and it was conducive to

solvent penetration. Conclusion: Ultrasound-assisted low-temperature plasma treatment is an effective method to extract

total flavonoids from ginger powder.

Key words: low-temperature plasma; ginger powder; total flavonoids content; polyphenol compounds; HPLC
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WA TR R, i ms i BRI . T Bh
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[ AT REATR, DO RIAREE T A IR S 3mh2s
AP RIRES#, 17 Bao 4500 A S FH i s 55 25 14
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ZH EEIHN, T 10 min BJC R EVEZE S, Al AE S5k
AL R A XK. Kashfi 2529 37 FHA R 2%
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1.2.1 ZER AR BOR S T 2 FRE—
RE R ZERT, PR B LA, 285 BT 45 5
TFAARAb B, AR AR RN A UG S
TIA—E=R 75% LBHEE, B 2R 1:2(mg/mL),
PR T A, U B R D38 400 W OFITEE RS B [A]
40 min. MU TE 4000 r/min T 2520 10 min, #4545
B2 R A PR

1.2.2 PAPZRSZETT  AEFIFREGEERY 0.2500 g, 3
ARTERR I L CA% 50 mm<30 mm) FYJEEHE, 4Nl 1 B
Ne BT HEZFEAME A, A A 260 mm
(W)=260 mm(D)x260 mm(H), #R)GFTITEZS %, 24
LS RS 100 Pa LLRASE, 3 700 A B YR FIA B R
J¥, AT IRIR A B T ARAL EE . MRS TS G, FRITAIR
S BT UR IR FR R T R | AR R] LA R AR X
My SR A AR S ] R H R ) R
350 W ZAbHERE]A 40 s, 25 SRS 100 cm®/min,
3 BRSBTS, BRI 50, 200, 350, 500, 650 W,
AEFRESFTE] A7 10, 40, 70, 100, 130 s, 25 E <N
10. 50, 100, 150, 200 cm?*/min #HATEAFRIZE 25,

K1 2k
Fig.1 Ginger powder
1.2.3  ma A iee et AR B R 2R S 4
L FH Box-Benhnken $¢i1, LAGHL IR TR (A) | &b
HEEFE](B) . I (C) =AM A AR, 228U
A Y ) SR NAE, O A6 it R 2R 7K B ity
Wk 1.

1 MR i PR 2K K B i

Table 1 Response surface test factor level and coding
K
-1 0 1
A(W) 200 350 500
B(s) 10 40 70
C(cm®/min) 50 100 150

1.2.4  EVECHRS A

1.2.4.1 PTPrdEZRmHIsE S0k [21] #RiE
Jrids, PHATIE B, ERFREBO™ T ARUESS S mg, TG
K L EEFESE . T 10 mL FEJHEZ, B 0.5 mg/mL
T AR R . HEBRRR U T AR UEE R 0.2, 0.36.
0.52.0.68. 0.84, 1 mL, 535 B T 2 mL Z.08H, 5%

il 5% NaNO, ## 60 pL, $£457, f#E 7 min, Il 10%
A1(NO), W 60 uL, ¥4, & 6 min, 15/l 0.8 mL
4% NaOH ¥R, FHZE/KEL, #1815 min J5, T
510 nm &b FHEFER SO S GRE . LIPS T A BT R 3
SAREARAR, WO CIE R INALBR, 230 T hruiEih e . H
[ )75 2 M. y=0.0034x+0.0371(R?*=0.9929) , T
FRUEFSAE 50~250 pg/mL RN S LPEC R
1.2.4.2 FEFUEBEIRSEMNE B 0.8 mL 1.2.1 il
FHIIREMIACE T 2 mL B0, #7208 1.2.4.1 J7
WHEATINE, [RIRt AT 75% ZBsEZs ., ditnadighgR
o H AR 14 B e e B, P RN 20 (1) THRR i
WA, A me/g .
Kbl & (D

o Y SRR R B AUFS R, me/g; C SRR
W AR R, meg/mL; VBRI, mL; N Sk
MRS M AR TR, .
1.2.5 SERURAE SRS Pr 2 m T 2 A 5
o+
1.2.5.1 BRifEdn ARSI IRl Es MERRFRE 21 F
LW BAARKRUE S 5.000 me, JHPESEMIE €5 T
10 mL FRaFS I, VE bt i B . FH P ke
T MR i B YRR 08 I 3R A A R AR R 1A B A W AR TR
M.

B 1.2.1 152 RE SR IO, 76 50 °C R iEs% 7%
K, KR OB, SR T o MESFRBUA TR R
0.1000 g, HHFEAZE 10 mL HEOEEMRF . &
0.22 pm FHFLIENELENE, YE20 HPLC R
1.2.52 (AigsEfF  @i%4HE Poroshell120 EC-C g £
(4.6 mmx=150 mm, 4 pm), HishFH 0.1% BEAL (A) Fl
2 (B), & K 230 nm, #EiRE 30°C, #EFEE
10 pL, JiE 0.8 mL/min, A6 EEBEMBIRT WL 2.

22 BRERBET

Table 2 Gradient elution procedure

Y =

I [ (min ) TAIHA(%) HEHIB(%)
0 93 7
7 93 7
14 83 17
20 75 25
30 50 50

1.2.5.3 JrikeEgsg bRt Zmy sl K 2 mbnik
S ERRAY BIRSREZE 5. 10, 15, 20, 25, 30 png/mL, 7E
1.2.5.2 635 5 R 2, T AR, A bR
AR O A B R R R (X, pg/mL), PR AR AR Ay e T AR
() 2albruiEN £ . S35 4 BHAER (19 ) il TG
RS | e S . ARG | RIS
1.2.6 ZEMA0HMEBEE(SEM)WMEL W H SEM WL
ERAF BT e 22 R EDEA A8 46, F S A Reks:
ZWEE T A b, Wi e e e Mg,
TR 10 kV,
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1.2.7 ZHAOE AR ST ANEIE SR (FTIR) - #E
FAPREL 2 mg £55 58S TARLL IS 2283 F1 200 mg 7R
AR, IRG IS 5 R R, FELTLAMT R T 30 min, LA
AT LRI O LEIRAET R 23 11, SRIE A TG
FHE, FHE 40 Wk, FFEVTEE A 4000~500 cm !, 5
ARAFRZERIXT EE o
1.3 B

TRZH SR S — IR, SEIG S SR P I E R 2
FIE IR, N SPSS 21 JEF 78K 28 5 2253 Hr5 I
JH Design-Expert 10 470 3 i A5 AL 56 258 K 43
#75 8 Origin 2021 #A4AERE .
2 FER55H
2.1 BEZRIWER
2.1.1 JiCHR VR TERX 22 0y DO IR SR A05E M
B 2 AT, R RS 2R B A I ER R YR T SR 4 4 T
BT, X AT RS i T — L gk S R sy i DAL
W = S AN RE 22 L, e s = Y RE )
BRI R o AT A B A ™ A ) S SR A
TENSEIEE R, TT LS | A SN R IR A, A
TR 25 G B 2 i ™Y, 2 el v, PR ) 55k
o 350 W JE, RIS RE TRE, TR FEES
(P>0.05) . KUk, ke B YE T 3RIEH 350 W AE b iF
— AR I K-

27 a

o
N
-
S

WK (mg/g)
>
L

[\__ll 11
Joh B
)
=

0 100 200 300 400 500 600 700
TR HL T (W)
PR GG IESTE =) sN -1 I EE S AT
Fig.2 Effect of discharge power on the yield of total
flavonoids in ginger powder

e WA EING SRR R 22 57 B 35 (P<0.05), & 3~ 4 [A).

N
w

2.1.2 AR AGES A A B A X 2y R 2 AR A
o K 3 B, 76 10~40 s Y5, BEE IR A58
FAARALFE A ] A3 0, R B RS R T i, 3 X
FELHPY i RIS B AR I S0 SO R A o
ZER 3, MALFEEFE] R 40 s B, RIS A F)
RAH 26 mg/g. MALBRAET A ME T 70 s B, 52 R
TRFRIB WA, 3X ] BB Hh TR AF B IAiE o an
b =2t B NV R R = Wl A 2P a2 i A B PN U W (A
B TAARLL TR ] e B 40 s M MiE— AR 12
K-S

2.1.3 RIS E AR X 228 B TS R 1 5

M e E 4 AL, AARTRIERTE 10~200 cm’/min Y5 [,

[\ N o
N 93 o
T
o
|
|
|
{
-
(o
|
——

ST (mg/g)

N
w

2l0 4I0 6I0 8I0 160 léO 14I10
AR FRIBITE] (s)
P 3 ARBR I IRDR 24 BB AR 5 R
Fig.3 Effect of treatment time on the yield of total
flavonoids in ginger powder

AHA RN B R A5 R A I, Ja BHAS /N . AR
10 #] 100 cm’/min A, EEEFEHFS R H 24.66 mg/g £&5
#1] 25.89 mg/g(P<0.05); AU E 100~200 cm’/min,
SLE AR R AR AN W 3 (P>0.05) o AR R
10 B, FUas o g, A B NS/ b, re A AR T
b, SRR FAR ATy SR AE 100~
200 cm’/min, PSR TR RETAE, 220 5555
TR TSy, SRR, IS 100 cm®/min
ShyiE—H i W AR KA

ab a

b _____.I—______{

26 — |
)
)
B c c
w 25 -l -
=
&[]
o]

24 |

0 50 100 150 200

A A (em¥/min)
Bl 4 BEERR B S IR A R
Fig.4 Effect of air intake volume on the yield of total
flavonoids in ginger powder

22 MEEERARESERS 5
2.2.1 WA RS EE R ARPE R R 3 S50 4G
S, LU IR DR (A)  ARFEETE(B) . #FRE(C)
S AR EL, SRS CY) Sy e B B TR Y
DA it, IRgeas R Lk 3,

FIFH Design-Expert 10 #A4-%7 2% 3 Fdaidbt7 5

Bir, e B A3 () SRR A5 B TR AR BRI (A |
AEFREFEN(B) | #EAUE (C) Z A B9 — Rk Z Wi w4y
A

Y=26.28-0.033A—0.13B+0.31C—0.54AB+0.016
AC+0.54BC—0.53A>—0.43B>—0.27C>

TTFERIPEE 2B R? Sl 0.9374, BEBH I T FEL&
PR by o BB RS IE R B R,y T 0.8570, K W]
85.70% LA_ g8 a vl iyt e . i 4 Al
H, AR 3 (P<0.01), eI (P=0.1336>0.05)
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Table 3 Response surface test design and results

JrN o= A(W) B(s) C(cm*/min) Y (mg/g)
1 200 10 100 25.16
2 350 10 150 25.27
3 350 40 100 26.44
4 200 40 50 25.00
5 500 40 150 25.98
6 350 70 150 26.30
7 350 40 100 26.31
8 350 40 100 26.00
9 500 10 100 25.96
10 500 40 50 25.12
11 350 70 50 2481
12 350 40 100 26.30
13 200 40 150 25.8
14 350 10 50 25.93
15 350 40 100 26.35
16 200 70 100 25.77
17 500 70 100 24.40

# 4 BRI TT 2200 HT

Table 4 Analysis of variance of regression model

Ty 2R EHM BHE ¥ FE P
il 5.77 9 0.64  11.65 0.0019”
ABHL LRI 8.63 1 8.63 0.16 0.7038
Bk PR [H] 0.14 1 0.14 2.50 0.1578
Cilb < i 0.78 1 0.78 14.16  0.0070™
AB 1.18 1 1.18 2153 0.0024"
AC 9.84 1 9.84 0018  0.8974
BC 1.15 1 1.15 2095  0.0026™
A? 1.17 1 117 2128  0.0024"
B’ 0.77 1 0.77 14.07  0.0072"
c? 0.32 1 0.32 578  0.0472°
B 2% 0.39 7 0.055
KA 0.28 3 0.092 3.4l 0.1336
HriRZe 0.11 4 0.027
avill 6.15 16

R=0.9374; R, ;*=0.8570; CV=0.91%
T *FRR I L2 (P<0.05), **FR/m IR 35 (P<0.01) .

AN, ULHHFEFEA [T XIS A1 00 R 37,
ARG LS R T 43T . —IRIAHH(C) X
SRR AR (YY) B R 2 535 (P<0.01) o 7L
R, H IR T o5 R b BT [E] (AL B?) 1Y B e A Wk 2
(P<0.01), A (C) P Iix] B e EAg 2R (Y) i)
SN 2 (P<0.05 ) ; 22 H G FE, FL IR B 5 FnAb BT[]
(AB) . 38 B IRANEEA (A A< (BC ) X A i S5
() BURE MR fE 25 (P<0.01), ZEAA4S N AT 28k B s
Bl S F ) SR AS S AT BRI M DG R o

222 WANEZE BEAEHS ST B S RHERER
100 cm’/min B, 750 HL IR T 58 R AL LS [A] PR 1~ (B 232
HIEMEIVEF AR . B 6 SREHAH EBIEDIZE D 350 W
Ak, bR A RN S P R 2R A P R E B
223 BGUESZHS w7 TR S A KRR F TR T
3 294.6 W, ALFRAYTE] 60.1 s, P 149.7 cm®/min,
TMAE A 24.2 mg/g. RIRLFREAF S5 B

BHEHITR (mg/g)

B: B[] (s)
~

0-#
200

260 320 380 440 500
A: TR (W)
Bl 5 JiCH He T R R A R R 38 H A S A B
[CEAi A

Fig.5 Effect of the interaction of discharge power and
treatment time on the yield of total flavonoids

10 20 30 40 50 60 70
B: HJ[1] (s)

P 6 Ab SR )0 HE e S AR F S B A5 2R Y 5

Fig.6  Effects of the interaction of treatment time and air intake

volume on the yield of total flavonoids
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WAy s BB PR 295 W AbBHATE] 60 s, HF
K& 150 cm’/min. W B TS 21 19 A 45 B8 Tk
ACBRZEAE T, $EHUR B ER Y1958 26.9 mg/g, BHIS TR
TS5 SEBRII B (8] FIARXTRZE A 0.11%, FHHA]
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Fig.7 HPLC diagram of 21 polyphenol standards
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Table 5 Regression equation, regression coefficient and detection range of 21 polyphenol standards

bR AR EVEyx R L MEVE Rl (ng/mL) K R (ng/mL) FE R (pg/mL)
BETFm Y=34.60X+20.80 0.9926 5.0~30.0 0.215 0.716
R TR Y=17.18X+73.57 0.9992 5.0~30.0 0.318 1.059
SRR Y=18.06X+29.44 0.9999 5.0~30.0 0.587 1.958
JLEHE Y=37.63X+14.30 0.9999 5.0~30.0 0.394 1313
X FR R TR Y=13.88X+74.24 0.9912 5.0~30.0 0.573 1.908
T HR Y=35.86X+133.02 0.9959 5.0~30.0 0.372 1.241
wime AR Y=75.46X-75.64 0.9985 5.0~30.0 0.262 0.874
I &R Y=42.45X+61.24 0.9950 5.0~30.0 0.280 0.933
FRILKE Y=45.53X-14.60 0.9960 5.0~30.0 0.206 0.687
RRETFILAR BB TR Y=39.66X-62.76 0.9956 5.0~30.0 0.220 0.732
FEE Y=146.90X-190.41 0.9990 5.0~30.0 0.117 0.388
P 2R Y=30.55X+201.08 0.9998 5.0~30.0 0.138 0.460
X5 SR Y=66.73X+194.38 0.9990 5.0~30.0 0.140 0.468
BT Y=25.56X+17.32 0.9992 5.0~30.0 0.207 0.688
R REE TR Y=47.62X-78.75 0.9946 5.0~30.0 0.190 0.635
WER Y=68.53X-11.77 0.9923 5.0~30.0 0.087 0.291
FOF Y=83.59X-296.10 0.9909 5.0~30.0 0.097 0.325
PNZEE N Y=70.01X-142.30 0.9909 5.0~30.0 0.074 0.248
Witz % Y=44.64X+39.58 0.9969 5.0~30.0 0.085 0.283
e Y=56.08X-74.28 0.9979 5.0~30.0 0.080 0.267
1LIZx Y=52.21X+3.60 0.9980 5.0~30.0 0.078 0.261
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Table 6 Results of precision, stability, repeatability and spiked
recovery rate of 21 polyphenols

T RRAFE T BT 2 P 21 MR a Y

H(n=5)

Table 7 Contents of 21 polyphenols in ginger powder before
and after low-temperature plasma treatment (n=5)

Sk wE REh HEEM bRENCE ke Sk LB TR SRR IE
RSD(%)  RSD(%) RSD(%) (%) (ng/g) (pg/g)
WETIR 1.77 2.52 4.49 89.47 WETFIR 166.44+3.23" 145.22+2.99°
MR A TIR 0.46 1.24 2.12 100.64 LR A TR / /
SRR 1.77 2.96 4.01 95.21 2l 112.3943.12° 112.2243.06°
JIRS 227 0.90 3.9 86.94 HFRHR R 110.27+2.86° 99.27+2.74°
WHRFEA R 1.74 0.87 3.13 99.15 AR 60.70+2.88" 56.10+2.83°
T HIR 0.27 1.67 475 93.54 MR 146.96+3.24° 152.84+3.17°
[ iy 1.04 1.17 3.67 96.28 2 THEmR 49.61+2.68 /
THm 2.06 3.44 3.51 97.09 FEE / /
IR 1.06 1.71 431 89.54 R R / /
%%&E%fﬁ?& 3.75 425 1.00 100.29 R L / /

. I+ / /
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T 2.15 1.67 2.77 89.94 T / /
FRIERBLETIER  3.49 2.24 3.86 100.86 ; -
WHE 56.57+2.98" 106.92+2.87°
B 0.25 0.19 1.60 95.33 } REOR 158.40+3.24° 203.79+3.29°
5‘%@%?1‘ 025 1.51 1.96 84.11 il o ) 20104322
PNZEE S 0.26 0.66 3.13 87.19 il 2 / /
ﬁﬂ%? 0.28 0.42 3.25 100.74 P / /
HRER 0.20 0.49 3.74 98.69 25T / /
IS 0.40 0.63 322 98.14
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Fig.8 SEM of ginger powder
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Fig.9 FTIR spectra of ginger powder treated by low-
temperature plasma with different power
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