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ABSTRACT: Objective To explore the antioxidant capacity and enzyme inhibition activity of strong fragrance
natural spices. Methods The total phenolic content in spices was determined using the Folin-phenol colorimetric
method. The antioxidant activity of spices was studied using the scavenging ability of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt (ABTS) cation radical and
total antioxidant activity as indicators. Using polyphenol oxidase (PPO) and peroxidase (POD) activities as
indicators, the enzyme inhibitory activity of spices was studied. Results The results showed that there was a
difference in the total phenolic content among strong fragrance spices, with the highest content in Fugenia
caryophyllata. Among the spices, Syzygium aromaticum, FEugenia caryophyllata, Cinnamomum loureirii,
Cinnamomum burmanni and Pimenta dioica exhibited strong DPPH free radical scavenging ability. Syzygium
aromaticum, Eugenia caryophyllata and Cinnamomum burmanni had strong ability to scavenge ABTS cation free
radicals. The 8 types of spices, including Syzygium aromaticum, Eugenia caryophyllata, Elettaria cardamomum,
Cinnamomum loureirii, Artemisia dracunculus, Cinnamomum burmanni, Pimenta dioica and Cinnamomum cassia,
had a certain total antioxidant capacity. Cinnamomum cassia had the strongest inhibitory activity on PPO enzyme,
while Cinnamomum burmanni had the most significant inhibitory effect on POD enzyme. The total phenolic content
in spices was significantly correlated with antioxidant activity and enzyme inhibition activity. The total phenolic
content was negatively correlated with the median inhibition concentration (ICsy) value of DPPH free radical
scavenging ability, ABTS cation radical scavenging ability and inhibition of POD activity, and positively correlated
with total antioxidant capacity (P<0.05, P<0.01). Conclusion FEugenia caryophyllata, Syzygium aromaticum,
Cinnamomum burmanni, Cinnamomum loureirii and Cinnamomum cassia have antioxidant and enzyme inhibitory
activities, and are potential natural antioxidants and browning protectants, which have the prospect of developing into
healthy, efficient and economical natural antioxidants, preservatives and color protection agents.

KEY WORDS: spices; phenols; antioxidant; polyphenol oxidase; peroxidase

N 3 2 B A3 AU T A R R KU 5 e 5, SR T RR i

0 51 & ERSE M TR P S AR o5 a0 QN2 i Uk K W 27|

RATFRRAGRE HF koo e, P s KRB R R IE AR T T2
.M. ZE0F L R R R ), fem ke TURT AT
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Table 1 Information table of strong fragrance natural spices

Hi's IR T4 il FARAL

S1 WNTH Syzygium aromaticum L. merr.et Perry {675
S2 BT Eugenia caryophyllata Thunb Hsz
S3  NAHE Illicium verum Hook. F. sk
S4 IN5E Elettaria cardamomum (L.) Maton R
S5 INHE Foeniculum vulgare Mill. R
S6 RIUEHE Cinnamomum loureirii Nees. %
S7 aEe) Origanum vulgare L. it
S8 Je ks Artemisia dracunculus L. by
S9 HERE Thymus vulgaris L. nt
s10 b7 Cinnamomum bgi::ﬁréni C. G. nees ex Rz
St ZHFR Pimenta dioica (L.) Merrill R
S12 A 55 Mpyristica fragrans Houtt. =
S13  JrERHF Apium grauens L. TR PR
S14 Jo Coriandrum sativum L. -
S15 Jo¥ Coriandrum sativum L. U
Sl6  HZT Carum carvi L. Jsz
S17 i@ Anethum graveolens L. i
S18 93 Cinnamomum cassia Nees. i3
S19  #itF Ocymum basilicum L. nt

12 UBEE5EF

UPT-1-20T 3% 2 51 48 4l 7K #i (AR R 4l ) A4 BR 2
Hl); AUY220 5 40 2 — 43 BT RO (H A B A al);
KQ5200E 7 7 35k i 1 # (B2 LU Tl 75 A3 8 A7 BR A D );
TD25-WS & 3R & O ML R A LR = AR TIT R A R
/N F]); Spectrophotometer 1510 ffFR{Y (3% [ Thermo Fisher
Scientific 2y A)).

1.3 WA
1.3.1 BB H &

43 BIFR O 0 (R AS [) 0 B =2 BLEE B 2 g, TIA 60%
P20 mL, =T H#2 I 20 min. &0 (5000 r/min,
5 min), W3, MEE UGBS R, SRR, R T
WRe, AR .
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KA m R BB, g5 my ARG BT, g.
1.3.3 DPPH A W&k & aym 2

Z B8 CHEN 57y gk 0 5 AS [ b b R L L)
%} DPPH H 23 Bs%. 115 DPPH A G RE, WA
KPR,

DPPH H H &5 bR %/ %= AA2 x100% Q)

1

A 4, R E AR Ay AR BOGEE .

¥l Graphpad prism 8.0 213 e 5 B 2 RHER EL
Yxf DPPH H rh 3 % bk 3R 09 2 5090 §l ¥k BE (median
inhibition concentration, ICsg). 1Csq A 50% H H1 244 1 BR AT
JIT T BERRE SR
1.3.4 ABTSTE-F A dAFBREHNL

SR YIN S 5 P00 1 AN T ol e o R B
ABTS MHEF B 3R MIEAXG)ITE ABTS HE
F B B HEE R R Graphpad prism 8.0 R {43158 i 7 7l
T RHEE YT ABTS BHEFH Ha%i%ﬁ%%ﬂ’a ICs.

ABTS ﬁﬁﬁga%ﬁmﬁtzaﬁfz/o/f — 4 100% 3)

3

R A3 S OGRS A, A 2O
1.3.5 RHAARE S ehm T

B %0 B TR JE R AL RE ) (ferric ion
reducing antioxidant power, FRAP)J7 % % A [6] 5 A =
RHRIUY 0SB EACRE T o DABRIR WA A bR, ARG
W AR e 2R Y=1.1007X+0.2427, 7=0.9991, 457
BHEIR) I BRIR LA E . B RHE IO i) B bt A L aE
FHPRAED) B R L R AR BE R KR, A (4) s .

Y

FRAP=— )
m

AoH Y AR N AFRE R, mmol/L; m AR
SR E, mg/mL; FRAP “HiZFE B9 FRAP, mmol/g.
1.3.6 % By S ACERIP B E M4y 2
2 BRI 1 A5 PO T vk I A AN ) i R o R O B
PPO MIhIIEME . 4% 0.1 mL PPO MIA & 1.9 mL B SE
B (pH 6.8). 0.5 mL A [FI¥REE B A2 BHEE 1 1.0 mL
SRR IR SRR, JRE )5 2 min PNTE 398 nm T AU
GRS 538 B G XA, BRI 4lizk ik PPO I,
HABMEARLZ B AKXG)ITHH PPO M H., R
Graphpad prism 8.0 FF WA RIFEERHEIRYIXT PPO
PR 1Cs0 1Cs S 50 MBS TS il i B o B2 A
B SRR SE
PPO Il ?;/% A= 11009 (5)
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2 W8T S PV D0 A S T 0 o o o R B
i) POD il i 1% o AR BIAR T o B B IS, SRR & A
$5 2.90 mL 18 mmol/L A AIA®E . 1 mmol/L H,O, (pH 5
BEIRZE pPIR ). 0.05 mL POD ¥ . 0.05 mL N[RIVERERY
TR . WREWSJE, 7630 °CFE 470 nm ALK
WEREE . REA(6)ITHE POD Mkl ., XM Graphpad
prism 8.0 F A 1Cs0.
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KJH SPSS Statistics 18.0 #fFifkAT 75 225047, Hidlity
DLV S 08 + 5 D 22 3RoR o FUTER W) = F & 0k
(https://www.omicstudio.cn/tool)iJFf TERIS R AR S 44 o

2 HRED

21 REBXRAREBFERPEHEIESH
MR 2 FR, WERMKREFR, BB ERERK,
BT Ml s, N 21.42%, S6. S10. S11 3 FhfE=¢
B R S EE T 10%; 1 S4. S5, S14. S15. S16 i
& AR T 1%, T Al BRSO il oy 1 2k o
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Table 2 Content of total phenol in strong fragrance
natural spices

9’5 R/ % ETR= SR/ %
S1 7.77+0.18 Si1 11.99+0.47
S2 21.4240.67 S12 2.58+0.07
S3 5.26+0.37 S13 1.74+0.23
S4 0.26+0.03 S14 0.72+0.04
S5 0.73+0.04 S15 0.60+0.01
S6 11.61+0.47 S16 0.29+0.01
S7 8.75+0.24 S17 2.43+0.21
S8 2.13+0.07 S18 8.88+0.59
S9 9.71+0.53 S19 5.1240.27
S10 11.04+0.45

22 REBRAFTENOMEWEESH
2.2.1 DPPH # w1 F R H o547

DPPH 1ERfasE i Bt JL A, B 12 e KA
P AL S P AR B (O PR SN TS PEY . 35T DPPH
3 R T X v A T AR A o A T SR 2 AR 43T

SERILIE 1, 19 MR ERRIRFEFER 00 3 2, HH—%
f08 S1. S2. S6. S10. SI1, IRk DPPH
B AERE U0, Sl e, 55 80 S3.88.S12.S18,
VRS RR DPPH F HHIERE sk, B, H
RAEFRGTEID RS =2, 1Bk DPPH A AR 155, &
PP k) DPPH [ H 355 B 2 it B RO vk i 1 i 33
SR ERSOCR . YR T EHRIE R 0.20 mg/mL B, 2
TH. BTH. KiFHE. HEF. ZFR S FEERHERY
X DPPH [ HHIEIE BRI T 70%; N fmid . Jed. W
G 4 R EERHREI X DPPH H BTSRRI,
I 40%, WA R RAR A RHEEYIXT DPPH H i 305 FR
I ICsy A RRIIGER 3), HIEEREE S KNIUTF JbE T
F>N T H>EF> K E>ZF R >0 58>/ m &>
E>FE R o B POIE T A AR EA B R bR A
JERE T, BEAEMREE N, HAH R m Tk 65% 44 .
S BE ST o 2 W A A RS0 N B A AE AT, LR
DPPH A 1 JE 12 il 57 & (ICs50) A 5.46 pg/mL,

S5
S9
S7
'S13
S15
S17

0.05 0.05 0.05 0.10 0.10 0.10 0.20 0.20 0.20
JtHE R /(mg/mL)

P AT RAR A RHE Y DPPH A ih2&
T BRIk A SR 2B B
Fig.1 Clustering heat map of DPPH free radical scavenging
activity of strong fragrance natural spices extracts
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ABTS 2 &g 2 MR )7 2%, o F38K
PERIEAS YEY FHT A AL R T g bk 2 ) 36T ABTS FH
BT B R I BR TG M B SR R R T IR Sy
Mr, Z5RILIE 2. 19 MHERIRRE R4 4 28, 5
—JAf ST, S2. S10, MEFHFRIFEEERR ABTS B
F A RAERE 75 . YR T E ) 0.20 mg/mL B, 2
T BT AE 3 Fd-ERHE X ABTS FHE 1A
LT R 90%. 55 " 2Kf% S6. S7. S9. SI1,
S12. S18, HIEWIHTERR ABTS BHE T B L8 140k .
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R3 RBERATFRHEINYIX DPPH BHEEMEES . ABTS
REFBEHEBRENR SN
Table 3 Effects of strong fragrance natural spices extracts on
DPPH free radical scavenging capacity, ABTS cation radical
scavenging ability and total antioxidant ability

MY BT R E O 0.20 mg/mL B, RUEEE. 2=, AR
T, ZEFR. AT, B 6 fhidrRHEEYT ABTS FH
B H SRR 50%. 5 =258 S3. S13., S19,
BRI/ A TSR I B HAE — 2 B97E B ABTS

1Cso/(y1g/mL) S S FHEF A 3ERE T, H B SRR R 40%AH . HaE
A PO I ABTS I EH g RIS UK, TR ABTS T hIERE ) 8
PR il 3. ARHE R AR X ABTS FHES T 1 th 205 5
Sl 25.85+0.23 31.6620.58 0.9040.03 o .
- - - I 1Cso, FLH M ELTE BRAE 11K/ NI W T H >0 T %>
S2 16.25+0.78 22.70+0.32 0.974+0.02 m5§>§5§%>k¥§&>ﬁhﬁ>¢ M E%>EE§>#%
S3 156.30+£9.22 234.20+9.34 0.46+£0.04 *{>/\ﬁrﬁf§zﬁﬁ§%ﬁo T%%ﬂﬁT%%ﬂ%Xﬂ- ABTS [H
S4 2572.00+£233.15 637.20+£12.65 0.91+0.03 %?Emgﬂﬁﬁ%ﬁﬁﬁfﬂi, ICso ﬁ%ljﬂ‘j 22.70 mg/mL\
S5 1081.00+36.12 493.20+10.24 0.1840.02 31.66 mg/mL, 5 CHR2OMIE — L. Aot SR gE &
S6 50.18+0.70 67.45+1.87 0.800.10 THEIER . Bsz . b AR R ABTS FHES T H i
87 933.00+20.30 107.70+3.41 0.5440.05 JEI 1Cso 433k 139.48, 244.99 . 117.32. 141.61 pg/mL.
S8 241.70+8.51 222.30+7.94 0.75+0.01 X v 2 PO B g J2 ] B A I 4 2 il L U T 1
S9 1578.00+£27.15 172.70+6.82 0.57+0.06 ABTS FHEF 8 HIEMEET], 15 BRACE S 25 R e
S10 45.78+2.00 35.72+0.96 0.89+0.05 He, HIEBRECR AT A F] 58.89%
St 64.46+1.52 51272121 0.7840.06 223 EHRAMAEA S
‘E‘ ey Ab 8 N iil:! 92‘? 5 ] > /-—*/ N ﬂ
S12 136.20+2.52 118.90+8.42 0.39+0.05 HT BRI ALK éfﬂﬁﬁ%i
538, G5R WA 3. 19 ik FRI TSR R4k 3 25,
S13 464.90+13.95 214.50+5.75 0.110.02 . .
—2Kf8 S1. S2. S4. S6. S8, S10. SI1. S18, iX 8
Si4 2458.00+£59.18 778.10+18.04 0.0120.00 el s N S
- - - P b BT — 2 B AL B ), FLA P10 A
S15 803.40+19.09 481.00+£10.95 0.01£0.01 /fl.’ﬂﬁﬁgjjiﬁggo %T%EX%FE%(&TE#{I 15 mg/mL Hﬂ’, e
S16 1407.00+87.12 693.00+16.73 0.65+0.04 TSR 7 B U 14 5 BT B B I S S 3 3. 4
S17 474.00+13.87 396.50+11.39 0.17+0.01 R, 8 PhEERIE IR MPTEALRE 1 n KNI F BT
S18 498.70+10.21 82.74+2.86 0.73%0.06 FT>NEESNTHE>AF>RKIGE>Z2 /RS> E>ER . &2
S19  1482.00+32.47 235.30+6.91 0.5540.04 BRI R, T AR TR B LR I ROR,
EERZ, THRLER/ND.
] s19 100
‘ s3 180 | 2411 15
\ S13 60
S5 40 | s6 1.0
S14 20 S8 Mo,
_,!1 S8 I S lOS
S17 _ s18 #0
S16 { S2
S4 S10
S15 S5
S10 S17
S1 S13
) S16
S18 S14
S6 . S15
S11 5 S3
S7 S12
S9 ~S19
| | S12 S7
0.05 0.05 0.05 0.10 0.10 0.10 0.20 0.20 0.20 S9
J ¥ /(mg/mL) 05 05 05 10 10 10 15 15 15
; N JFi ¥ /(mg/mL)
B2 WERMIRF-FRHEIY ABTS FHE 7 H 3t
T BRI B SR S AR B3 WETRRF - RHEIW S AL BE ) R

Fig.2 Clustering heat map of ABTS cation radical scavenging

activity of strong fragrance natural spices extracts

Fig.3 Clustering heat map of total antioxidant ability of strong
fragrance natural spices extracts



186 B % 4 TR R I i

%16 %

23 KRBBXRAETFRBEHIEEME 5
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PPO Z {21878 fe FE MBS, MBI R
i, B — LRI BB ER Y, WA Rl PPO
FiFE e, BRI, AR TR AR BOREY WA TIR
RAEFRHERUIXS PPO RS MEAOIIHIVER, W 4 Figk 4
FIR o SRR BT S W BT 0.5 mg/mL B, 457

05 05 05 10 1.0 1.0 15 15 15

JE R/ (mg/mL)

[ 4 WAFTLRIRFFRHEIRY) PPO M i 2R 25 3 ]
Fig.4 Clustering heat map of PPO inhibitory activity of strong
fragrance natural spices

R4 REBRREFRZIE PPO JEMEF POD JEEH ICs
Table 4 1Cs of PPO activity and POD activity of strong
fragrance natural spices extracts

g ICso/(ng/mL)
PPO {14k POD i
S1 22750.0+694.34 262.1+7.52
S2 20689.0+573.06 169.6+3.96
S3 6414.0+127.94 760.4+14.75
S4 5217.0£116.07 13411.0+465.14
S5 6839.0+124.93 2839.0+246.70
S6 3335.0+268.31 192.3+4.81
S7 16875.0£396.04 658.7+10.64
S8 54936.0+892.17 1975.0+167.36
S9 9317.0+147.02 473.4+12.65
S10 6826.0£97.09 74.0+1.79
S11 19126.0+£553.76 260.9+8.96
S12 12033.0+£290.47 1560.0+86.35
S13 9553.0+180.26 1851.0+49.03
S14 18446.0+639.01 8283.0+£154.04
S15 16103.0+489.14 5647.0£146.18
S16 2352.0+185.49 4862.0+£144.06
S17 13955.0+450.25 1202.0+52.92
S18 107.3%5.15 206.1+7.63
S19 6419.0+153.97 487.7+11.07

X PPO g A3 i 376 1 o, L 1Cs0 oM 107.3 pg/mL.MURMU
2L S S e O Tl Y T R 2 T R A R R
SEIFIE, WRIZE TS AR P S PPO 1 POD 15 AR, A
AN T AR AR R
2.3.2 POD #p#) &M 2 5471

POD 7£ H,0, 7 7ERT, Al Ak By sy k2 4k,
TE R @B B 5 fis, AEMEE R KT RHE
Bprxt POD TG 1 A IR 7B 22 52 o A4l SR 2R BRI 245
IR, 19 AR KRR BRI 43 3 28, 55—y S1,
S2. S6. S10., SI1. SI8, M2 6 FaERI I POD #iH
TSR . SR A BT R B R 0.5 mg/mL B, AT A
BTH., K. AE. 2F8. HEE 6 el
X POD %t Xt 60%, H1Cso 43514 262.1.169.6 .,
192.3, 74.0, 260.9. 206.1 pg/mL. %5 "J5fu{ S3. S7.
S8. S9. S12. S13. S17. S19, MEEE/N\MAHE. 2.
e, BEREE. REE. 7. Y. P HAEE %
B8 POD JE k. MIREUALFE RS E R 1.5 mg/mL
mF, HIHRN 40% 284 . HATEREIRIHE S =28,
POD il & 455 . MRIEFFERHEEWI X POD BEEPEM)
1Csq, AR5 I/ A B B> T > > >
ZH/ RN T E>E BESGE >4 2>\ M &> >R
TSR b, Hrp B A R EEEE PR . kAR
LD 5% S W B 35 1 2 B 2 B0y Ak 39 R A 2503 1) 3 A A
52 POD 6P, MIMA A T 4E K S S20 5Ta a]

S10
S11 '80
2 60
S18 ‘2*8
S1
S6 I
S5
S16
S15
S4
S14
S17
S13
S8
S12
S19
7
[ i S3
e .. S9
05 05 05 10 10 10 15 15 15
JEHE TR /(mg/mL)

5 WRAFTIRIRTFRHEIRY) POD 1 1 1 SR &
Fig.5 Clustering heat map of POD inhibitory activity of strong
fragrance natural spices
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Table 5 Correlation analysis of total phenolic content, antioxidant activity and enzyme inhibitory activity of strong
fragrance natural spices
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