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Study on the transformation rule of 6-gingerol and its
antioxidant activity during the processing of ginger
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Abstract : The transformation rule of 6-gingerol and the effect of 6-gingerol transformation on antioxidant activity in vitro were
studied by sand frying and simulated processing combined with antioxidant test in vitro. The UPLC was used to determine the
contents of 6-gingerol ,6-shogaol and zingerone in dried ginger and different sand frying processes;The contents of 6-gingerol
and its transformation products 6-shogaol and zingerone were investigated under different temperature and time conditions by
simulating processing 6-gingerol monomer with oil bath heating; In vitro antioxidant activities of processed ginger samples and
6-gingerol simulated processed products were determined by different sand frying processes, and the correlation between 6-gin-
gerol content and antioxidant activities was analyzed by SPSS 23. 0. The results showed that with the prolongation of sand fry-
ing time and the increase of temperature , the content of 6-gingerol in ginger samples decreased gradually, and the content of 6-
shogaol and zingerone increased gradually. The simulated processing confirmed that 6-gingerol could be partially converted in-
to 6-shogaol and zingerone after oil bath heating. There was a significant positive correlation between 6-gingerol content and
antioxidant activity in simulated processed samples. The experimental results provided a reference for revealing the processing

mechanism and optimization of processing technology of ginger.
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Table 1  Dried ginger and different sand

frying process of ginger samples

g @Q%{E'JE @L%Hﬂ‘!‘ﬂ

No. Sand frying Sand frying
temperature ( °C ) time ( min)

] -

2 170 = 2 6

13 170 = 2 7

J4 170 = 2 8

I5 190 = 2 6

J6 190 = 2 7

7 190 = 2 8

18 210 = 2 6

J9 210 = 2 7

J10 210 £ 2 8
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2.1.2 SR SRIE RO &

F BRI 6-22 By | 6-22 475 Iy | 222 A % Bt 38 4t
JnHEEH AR 1 mL % 6-22 1 0. 831 mg,6-22 4
0.434 mg 2] 0. 170 mg 1) X5 B 5 it 45 T, K %5 7%
B b AR X R %45 1.0.2.0.3.0.4.0.5.0 mL &
T 10 mL B I B 25 R 205 52 5] 19 B &
R BE TR A5 X R SV U
2.1.3 #HiX&BERb &

B2 AR AP 22 T2 M2 o oK (3 40

RAYE G, F55], U, IS, B .
2.1.4  &isn

a3 25 ) : Agilent ZORBAX Eclipse Plus C, ff,
PEAE(2.1 x 100 mm, 1.8 wm); ZJi§(A)- KIFW]
(B) A ahAH, B EEPEN :0 ~ 12 min, 10% —75% A;
12 ~17 min,75% A ;17 ~18 min,75% —90% A ;18
~22 min,90% A;22 ~23 min,90% —10% A,23 ~
25 min,10% A, &% K S~ 280 nm, i K 0. 25
mL/min, K 30 °C, #EREE2 wlL, UPLC [ LA

Fifi) 290.5 g, KimME , B AZEME I %M 1,
AP 20 mL, FRE FE i A A B 2R 150 W 5
#R 40 kHz)30 min, i v& , PHARE E A, F A A2 0ok
—_— — \ —— Jx, — =3 — 83
' .

10.87 14.50 18.12

i ] Time(min)
Bl1 FZ(S1).aE(S2)MBEXEMA(S3) K UPLC B
UPLC diagram of dried ginger (S1) ,processed ginger (S2) and mixed reference standard (S3)
1A 52 .6-22 1) ;3 :6-Z2 M5 . Note: 1 Zingerone ;2 ;:6-Gingerol ;3 :6-Shogaol.

Fig. 1
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Table 2 Linear regression equation of 6-gingerol ,6-shogaol and zingerone

o [l 5 7 ]%e%“i[ie . LOD LOQ

Reference substance Regression equation ( pg/mL)b (pg/mL) (pg/mL)

JEYT
6 %@J Y = 364 730 X -40 082 83 ~416 0.999 6 0.372 1.116
6-Gingerol

- 'A‘ AS
6 %}ﬁ% Y = 195495 X - 22718 43 ~217 0.999 8 0.645 1.934
6-Shogaol
ZM Zingerone Y = 42810 X - 8523.6 17 ~85 0.999 7 1.022 3.066

2.1.5.3 A% EIE

FEEWCH 2. 1. 27 TR IR A XA 2 plL,
Fet2. 1. 47 TN A5 SRR E SRR 6 IR, T 6-22
13 \6-32 I By . 22 i 0 18 AR A RSD 43331 2k 0. 96%

0.73% 0. 18% , Fe WAL ZRHE 2 FE R
2.1.5.4 FaErAs

10 5 (J10) (3 fh i e, #5242, 1. 47 TR {8
WAk, AN I7E 0.2 4 8,12 .24 h HERENIE , 355 6-
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5.02,1.03,0.09 mg/g, RSD 4} 514 1. 67% .
1.56% \2.58% , RWZT kB M R
2.1.5.6 A TGS
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Table 3 Test results of recovery rate of 6-gingerol ,6-shogaol and zingerone

WA Qualfyé T it i A 0 % TR RSD
Component o gy Aon(a)  Measure(pg)  Recovery (%) 4 (%)
6-Z iy 6-Gingerol 0.250 2 1135.1 1135.0 2257.3 98.9 99.6 2.46
0.250 3 1136.3 1135.0 2276.5 100.5
0.250 2 1 140.2 1135.0 2310.2 103.1
0.250 2 1135.3 1135.0 2227.2 96.2
0.250 1 1148.2 1135.0 2295.1 101.0
0.250 0 1032.4 1135.0 2143.6 97.9
6-Z2 47Ty 6-Shogaol 0.250 2 295.2 295.0 596.7 102.2 102.2 1.13
0.250 3 295.3 295.0 595.3 101.7
0.250 2 296.1 295.0 599.5 102.8
0.250 2 295.2 295.0 599.7 103.2
0.250 1 295.5 295.0 591.2 100.2
0.250 0 295.2 295.0 599.8 103.3
Z2 M Zingerone 0.250 2 30.2 30.2 60.8 101.7 101.3 1.52
0.250 3 29.7 30.2 59.4 98.3
0.250 2 30.2 30.2 61.1 102.3
0.250 2 29.6 30.2 60.3 101.7
0.250 1 30.5 30.2 61.4 102.6
0.250 0 30.3 30.2 60.9 101.3

2.1.6 HZisETNE

CIESRPFNE , HEE Y 2 pL, ARG SMRIETTE 6-

P2, 1. 37 I P AP AL I 1272, 1 47 TR S 6-2 MRy MY S 45 R IR 4
F4 FEBTBEMIERTFEF o-E8H.6-EFHMREMSBHHM (0 =2)

Table 4  Effects of different sand frying temperature and time on the contents of

6-gingerol ,6-gingerol and zingiberene in dried ginger (n=2)

i 2 6-Z0 6-Gingerol (mg/g) 6-Z2 471 6-Shogaol (mg/g) 220 Zingerone(mg/g)
Temperature
() 0 min 6 min 7 min 8 min 0 min 6 min 7 min 8 min 0 min 6 min 7 min 8 mi
170 =2 6.64 5.57 4.56 0.90 1.00 1.31 0 0.08 0.17
190 2 7.25 5.29 4.52 3.90 0.65 1.01 1.18 1.51 0.08 0.12 0.20
210 £2 4.38 3.61 3.85 1.01 1.07 1.51 0.10 0.11 0.28

4 L], W5 B VR ] 0 4 K T FE 0 7

6~ Iy 5 et 2 T R I, 6222 M B 0 22 i 7
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A o
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L
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10.87

14.50 18.12 21.74 2537

i ] Time(min)

B2 6-=F(S1)FEBiaEl & (S2 ~S5) R FE UPLC B
Fig. 2 Representative UPLC diagram of 6-gingerol (S1) and simulated processed products (S2-S5)
12252 .6-2501) 53 :6-22% 1), Note: 1 :Zingerone ;2 :6-Gingerol ;3 ;6-Shogaol.
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Fig. 3 Change trend of contents of 6-gingerol ,6-shogaol and zingerone (n =2)
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°C 1230 CHI7E 10 min BHFLE &, ARSI R DM I 1 25 SRS T 6-25 P AE Tl VS A
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FEAETFE D B h ™ ) XATRE A 6-ZRW, ML A E] 210 CC A A, W] K
A A TR R SR R AE BRI R A B, R 0 S A I R R T 62 1 (1
FR AT, M R AR T b A i 4,

HH B, T ) 7 AR 5 EEA B — 5 B Il R A R]

O OH 6- %) 6-Shogaol

\ o
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Fig. 4 Transformation mechanism diagram of 6-gingerol

2.3 mELFEENE A3 100 L 0. 1 mmol/L (% DPPH-H iz 75 i Fil
2.3.1 AKX SBIER G S 100 wL“2.3. 1750 F 5 S W, Fe4HIR 2D, & by

EIRC2. 137Nkl s AR R T2 BOhEDERET 30 min, 7£ 517 nm U5 S 7 Y
Al B AR R, TR IR 2. 20 17 DA A% 6- 2 IR DBBE(E(A) , B 100 L FHEEFN 100 WL I it 95 ¥

U A AW, P EE AR R 1 A IRZH(A,) o LA 100 L DPPH A 100 WL H
mg/mL F130 wg/mL, BN A (Ay) o BAFATICE =B AL, 1 ER
2.3.2 DPPH A &R E® AR TS B i B BR 3 . DPPH iR = [ 1 -

SO T W REINEGEE S o #E 96 fLAh (A =A,)/A,] x100% 555 WK S

2 6-%F) 6-Gingerol

= DG B3 OB170°C
A &= srioc B 22 OB 190 °C
o =8 0B210°C
SF190 °C "
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380 >
e 3% 2
# 2 60 & &
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T S 40 a8
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5 4] Time (min) I 1] Time (min)

5 ARWZETZHBEER 6-EERBUEGH =¥ 3 DPPH #iERR1ER
Fig. 5 DPPH scavenging effect of processed ginger samples with different sand
frying processes and 6-gingerol simulated processing products
T2 A:DG: T2 SF170 ~210 C 243515532 170 ~210 CHMLFE ;B2 OB 170 ~230 °C 253310 6- 22 WHliify 170 ~ 230 C AR T4 ,
TIA, Note:A:DG:Dried ginger;SF170-210 °C : The samples of ginger were sand frying at 170-210 °C ;B:0B 170230 °C ; The simulated processed

products were 6-gingerol oil bath heated at 170-230 °C , The same below.

MR A 6- LA R PRy DPPH 3Bk 18 SA FoR, R EEAE 190 °C (INFH] 7 min DIPATR,
RIS A T BNF [ A S A AL BE B T B RRAR . Tl M@ RE AL B89 DPPH §i BR3¢ 22 G248 R IR, 4 il JEE 1
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210 °C (B[] 8 min L) [ B}, DPPH 38 [ 5 U 25 & 3%
FEAR; H 1] 5B TR, 6-22 W LU0 1] 7™ 49 L M 224
i B8 ) 32 1 B RS [] 1) 52 ), HL DPPH 35 Bk A T
7% 190 °C 4 min BRI 90 4 28 R AR AL
2.3.3 ABTS g hAFAmEnk

S SCHRIO T ¥ R NG o K 7. 4 mmol/L
ABTS #1% 5 2.6 mmol/L it iR F IS WIR &, & T
GALIE R 12 h, 15 ABTS 8. i DK ABTS it

= DG

E3 SF170°C
Z2a SF190°C
=8 SF210°C

ABTSi %

ABTS clearance rate (%)

If /8] Time (min)
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ABTS clearance rate (%)

HW 7K W B 2 ABTS T AR, 7F 96 fLiR
SR 20 WL (55 7R 180 L (1 ABTS T
YR, T3 RIF H 6 min J5, 76 734 nm bW & 7
WO EEE (A) , BL 20 L BE3s 5 R 180
L ZEIRK X IRZ (A,) , P 20 ul ABTS #1180 L
IR N2 FAL(A,) | F i BR A A T B4R i 1Y
THERAABTS iR = [1 - (A -4,)/4,] x100%,
ZEILKE 6.,
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E= OB170°C

Zza OB 190 °C

=8 0B210°C
E3 OB230°C

i) Time (min)

Eo6 AEZIZHMEEFERNC-EMELMEH =T ABTS #iERIER
Fig. 6  ABTS scavenging effect of processed ginger samples with different sand

frying processes and 6-gingerol simulated processing products
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55 DPPH 5 ER AL FARL, Horb T e d 1 2 10 h
210 CHMZZ 8 min PYMIZEEFEN,, TRET 16.32% , 4
AT ERF ], I 5 bR =5, ABTS T IR 26 F Ml i 25 i
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TR 30 min, T+ 593 nm AR RE WG EE(E (A ) 5 LA
FEE R 25 FUAIE (Ay) o

PIARFR B FeSO, 1 WL BE A R AL
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HA =0.8375X + 0.0573(r = 0.999 1), 7
WU R 0.239 ~ 1. 217 EE LR RIF, L
3l A =Aﬁe'Ao TR LR 4, 715 Fe-
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Fig. 7 The total reducing ability of processed ginger samples with different
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%55 DPPH Hl ABTS {5 R 3B #H—5,210 C
A 2 it 119 a8 S E 7 BB 22 I ] ) S 5
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RE eI I TR I, 350 W] S 728 A AL, 20k
T IFIA]RE K 2 10 12 min 1, BOA R RE T A4 2 BLE
Wi A F

2.4 -EMEESMEANMEMBEXMES

T HERR T 22 A AT P A o X AR A
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Table 5 Correlation analysis of 6-gingerol content and antioxidant activity

5iH Hz SR AH I 2% Pearson correlation coefficient
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ABTS 0.968* * 0.917* 1
FRAP 0.853 0.924* 0.891" 1

T " WFEM(P < 0.05); " " REFAMKL(P < 0.01),

Note: * Significant correlation(P < 0.05) ; * * Extremely significant correlation (P < 0.01).
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Fig. 8 Heat diagram of correlation analysis between 6-gingerol content and antioxidant activity
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