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Abstract: This research utilized a combination of analytical techniques, including ultraviolet-visible spec-
trophotometry, high-performance liquid chromatography, principal component analysis, correlation analy-
sis, cluster analysis, and entropy weight-technique for order of preference by similarity to an ideal solution
(EW-TOPSIS), to comprehensively evaluate the impact of different peeling durations on the nutritional
composition, chemical profile, and antioxidant activity of Citri Exocarpium Rubrum (CER). The results
showed that on day 11 of storage, the oil chambers of the CER samples were full and translucent, with the
highest levels of total polysaccharides, essential amino acids, and total amino acids, while total polyphe-
nols, total flavonoids, nobiletin, and tangeretin were at their secondary peaks. On day 5 of storage, the
samples exhibited the highest levels of total polyphenols and total flavonoids, along with the strongest
DPPH antioxidant activity. Correlation analysis (CA) showed that total polysaccharides content was
negatively correlated with total flavonoids(p<C0. 01) and total polyphenols (p<C0. 05). DPPH antioxidant
activity showed a highly significant positive correlation with total flavonoids, total polyphenols, and
hesperidin content (p<C0.01), suggesting that polymethoxylated flavonoids play a key role in the antioxi-
dant process. Nobiletin was positively correlated with tangeretin (»<Z0. 01) and negatively correlated with
bitter, umami, and sour amino acids (p<C0.05). Total amino acids content was positively correlated with
all types of flavor amino acids (p<Z0.01). Multivariate statistical analysis models effectively distinguished
samples processed at different storage durations, demonstrating good stability. The EW-TOPSIS results
showed that samples stored for 11 days achieved the highest comprehensive score, followed by those stored
for 5 days. In summary, CER was rich in nutrients and medicinal components and exhibited potent antiox-
idant activity.
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KSR ICRE oy R 0.5 g IA 45 mL B ¥k, B EER 2 h, RHFHEIFES R 50 mL, 1
WHREC ] mL RBOR T 50 mL B0, A ZEE S mL, Z# 2 min, 4 ‘CEEYL 2 h, B, 11 000 r/min
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1.3.2.2 HEHEE
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K, HENA 3 mL & H,SO, . 7E# K &4 F IR 20 min, BUBRHIEFE . DLIICKE AR -, 23
FIKNBERZH T 490 nm FEAAE I & WG REE . BAFE-FATIIE 3 K,

1.3.3 EmEAESHEZTNE

1.3.3.1  FEMMHEER

BAGLLMAR 0.5 g, FILA 25 mL 60 % SBEVEWL, FRBUE, A L H (T4 400 W, 13 40 kH2)45 min,
FrERRAZERE. H 600 CMAb 2R Fih, SRR G . WOE B BOK 12 000 r/min &0 10 min,
KW 2 mL EWHWBOER 2 10 mL, RIS A0 .
1.3.3.2 Fpiv B

A 3ok 28 A — T UL A3 I B 1 I A A 40 R B . ALCL H ik S BB PR 1 Oy sk s A s . B
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0.5 mL 10 % AI(NO,), . FRIEH LG H#E 6 min, BJFMA 4.0 mL 4% NaOH & # . 780 R G T
AbFEE 15 min $FAT WA, 7E 505 nm PRI E WOCEEE . DL 600 SBEAZS 1, T okt BRI e I
WEHE R, BMEGPFITIE 3 K.
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fH., LL60% LR H, BB TR B HS &, 9 R 3 k.
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TE 110 °C FKf# 24 h, % #, FREF S, L 6 mol/mL #h AR #b £ 4 Fi &, #24J, 12 000 r/min & L>
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R AR AR v R O B SRR AR L N 2 W P 2 U R R HOA R R

R Ve R RS ANE R AL, AR AU SM R BT 38 i B R, TR 2R SR O I A,
W P E IR S B LR SR R T B R AR R e KR A N R H AR Z2E R .
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F1 AREHEHEABGAERPESERSE mge-g
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B % - . — = - - p
H1d 53d 55 .d 7 d $9d H11d 13 d
ok NER(Al) 1.08+0.01d  1.2440.02b  1.18£0.0lc  1.2040.0lc  1.08£0.04d  1.3140.03a  1.1620.03¢c
AKRMm HERGly) 1.1440.02d  1.2340.02¢c  1.184£0.01d  1.18£0.01d  1.08£0.02¢  1.4640.02a  1.3020.04b
2 %R (Ser) 1.324£0.07d  1.4740.03b  1.46£0.03bc  1.40£0.0lc  1.30£0.01d  1.55+0.02a 1. 4840.03b
FEE (Thr*) 1.10£0.05¢d  1.20£0.02b  1.174£0.02b  1.14£0.01bc  1.0540.01d  1.2740.02a  1.1340.07he
[ % R (Pro) 4.2940.03c  5.4240.09a  4.80+0.11b  4.544+0.15bc  4.40£0.17be  4.6420.55bc 3. 66£0. 25d

B 8.9340.11d  10.56+0.16a  9.7840.12bc  9.46+0.17c  8.90£0.24d  10.23£0.58ab  8.73£0.15d
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BE1
SR ; : ﬁ%%ﬁiﬁﬁt (n=3)
®1d %34 %54 B4 %94 %114 %134

ek f AR (Glw 2.5940.03¢c  2.77£0.05b  2.70£0.02b  2.58£0.03¢c  2.3520.03d  2.9540.06a  2.71£0.04b
TRk AR K4 %R (Asp) 2.4740.07ef  2.7540.05b  2.6840.03bc  2.54%0.02de  2.39%0.07f  2.9940.03a  2.6240.07cd
HEM(Val*) 1.18£0.02d  1.23£0.0lc  1.16£0.00d  1.1440.03d  1.00£0.03¢  1.48%+0.02a  1.2940.03b
Bt 5.0540.10d  5.5240.10b  5.3840.05be  5.12£0.05d 4. 7440.10f  5.94+0.09a  5.3340.08c
WA AR (Leux) 0.83%0.03de  0.95+0.03c  0.88%0.01d  0.85%0.02de  0.80%0.03¢  1.33%0.05a  1.21%0.04b
SREAR (e ) 14640.04b  1.5640.05a  1.34%0.03d  1.40£0.04bc  1.0720.01f  1.39%0.03cd  1.1620.03e
A% M (Phe * ) 0.9540.07d  1.05+0.06c  0.9240.04de  0.96%0.04d  0.8540.02¢  1.56+0.02a  1.3720.02b
A5 (His) 0.46+0.0le  0.46%0.0le  0.5520.03c  0.51%0.01d  0.58%0.02b  0.7440.00a  0.6020.02b
Fi 2 B (Arg * ) 1.04£0.03cd  1.15£0.01a  1.08£0.02bc  0.9940.03¢  0.9340.04f  1.11£0.04ab  1.02%0. 02de
it 5.9240.06d  6.39+0.10c  5.93£0.07d  5.85%0.14d  5.2340.13f  7.61+0.08a  6.6520.10b
Jobk SRR AR (Lys *) 1.69£0.04de  1.85+0.03ab  1.7940.03be  1.7340.06cd  1.6320.09ef  1.88+0.02a  1.5620.05f
4% Z R (Tyr) 1.85+0.02¢  2.04£0.06cd  1.97£0.02d  2.1240.08c  1.88+0.06e  3.05+0.02a  2.80%0.06b
it 3.5440.06d  3.8940.08c  3.7640.02c  3.8540.14c  3.51+0.15d  4.93+0.02a  4.36%0.10b
FoAbZIER AR (Cys) 0.07£0.00bc ~ 0.08%0.02bc  0.08%0.01be  0.07£0.01c  0.0840.01be  0.1040.03ab  0.1240.01a
H5(NH,) 0.50+0.01d  0.560.0lc  0.5240.0lcd  0.5240.0lcd  0.53%0.02¢d  0.79%0.06a  0.73%0.03b
Bt 0.58+0.00b  0.64£0.01b  0.60£0.00b  0.5940.01b  0.60+0.03b  0.88£0.09a  0.8440.02a
W RER(EAA) 8.2540.10c  8.9940.12b  8.35£0.06c  8.2240.21c  7.34+0.21d  10.03£0.09a 8. 74%0.22h

FFHEEM(NEAA)  15.7740.16d  18.014+0.29b  17.10+0.19¢  16.6640.27c¢  15.65+0.42d  19.56+0.5da  17.17+0. 17¢
BEKM(TAA) 24.0240.26c  27.0020.41b 25,4520, 24cd  24.8840.45d 22,9940, 64f  29.5940.60a  25.9140. 19¢
e+ RRANKBFEZER, NEFHEARAER p<0.05, ZRAFHEEL,
2.5 BEHE.IGEZNBERZIEMNESER
A5 FE i WRORH 5 i A SR L A, R RS B A BT 3 B 3. 9800 ~6. 6800, BE A TICE I A K O
Thm e Bk, s 5 d fem, 4 6. 6805 JIIBR K MG He 28 2 i 28 Al i BE /N, JH v 1 R B 3R o 6 3 4
K 0.75%~0.89% , WG R FEAM R 0. 25%~0. 36 % 5 WIFP 4> AR Akt B S m 5 BRAK, 7255 7
d FI%E 9 d i fm . 2RI E X (p<<0.05),
G
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b . ‘b a a b b
0 1 1 i | 1 1 1 1
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2.6 WBAEYBEELER
2.6.1 IWUBEHEE. BERFTIBRLER

BB LT RE S 1.3 6. 1 T F r il & iR W, 1.3. 6. 2 T T (o 3% 45 (F i S b BE 6 k., LLIETE X AR,
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—=— DPPHUELIEHE -
ABTS 1 DPPH [ i 3 7% i % o RS "

70
D = SN VN N T = W AR S =l 7
Z 8 R TR i) e Bt T A 2T R Y 651 K\\ 142
Vi E S R 6, ABTS #l w o ﬁ// K\Y//

DPPH AW WEBR B U4 AE K E Y
55 F
/ o

DPPH/(mg -g*)
.J;
S
ABTS/(mg-g")

BHE G ON 39.35~42.32 mg/g Ml
47.38~58. 66 mg/g. ABTS #l DPPH sol
PR LR e T B, B 2k M
TR WG 60 Ka 35 ABTS F i 206 ° y
R 7E S 11 d B4 5, 1 DPPH 40 L—1 - L L L ' L
FESS 5 A ELE T, B 5 dRESIY 84/
DPPH LA i tE B, 565 1 d & B6 REAIEE L AR T
B, 3% AT AE 5 RE L0 KE b SO R . £
1y 1 LAt B 53 B A B AT G
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K B RAEMARIEE S M . VEAE TRES R B L B . B W, 7 2SR IR DA R R L IR
F MG Z & -5 ABTS Al DPPH bt /A iE M Z R AH G . I 7 /T, B0 & 5 B (p<<
0. 0D FEZE (p<<0.05) 2 B ERME; BHE . &2 M LIS DPPH Bt & 4k 1 ¥ 2 ) 2 35 15 A1
FK(p<<0.01), MZEHES ABTS i A L1 2 53 U 3 (p<T0.05) 5 IR K R 5% R 2 W W 3% 1 A
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JCUR F B R 1.49 B B H 1.13
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W VIP>1 $A N2 5. » BaARAMKRDTT & IER .
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i3t 0.869 6 0.130 4 4.94
IR R 0.703 5 0.296 5 11. 22
W % 0.886 2 0.113 8 4.31
B 0.805 9 0.194 1 7.35
S5 T T 0.788 9 0.2111 7.99
B 0.788 9 0.2111 7.99
BV R 0.855 2 0.144 8 5.48
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SETTTE  BE X HI T T A SR A . ASBIESE LATCE B R D PR B, AR ST AN [ B (RS A X A L
JE AL 5 R A A2 A R A6 M) I S I, A 21 7= b A A 7= i AR B0 S P R R Al

WEFE i & B, TS 45 A A 20 1 Tk S A I O IR0 28 O A A 0 (F HL 3 Ol 3 B B i) 2 K T S R, X
A Al S BT W S R Y IR R A T T B AN PR T ORI B . RBOL S M BEIR . B e R R B
S AN F N LA BT, AR R R AR X R . AR S RS R T A X AN [ T 0 T A A7 21
BEG PR E SR CR 2. BT . S L RS AT T AT . W B A i TR A
WA S TH v o R o R 4, RO A 0 R0 55 1~ 9 ), 5 Bz mP B B2 0 T A0 % A TR UL AT I
A A1 B T R A TR AN FLIRR AT TR L DU AT TR £ 43 W6 R S . F A RS T KA 0 4 20 )
4RI S BB R AR GRS 11 D, AR TR 43 WA I 4 7 O R RGO A L R (1) 22 A
IR 3R T A A R M B R A K, R SRS SRS R L Th . AR 2R R A R A
MW R BIE 6. 90 % ~ 7. 47 Y M 1. 05 % ~1. 16 % . W i T X1 8 455 36 ok e i BT 9% o X Al Bk 5 25 B 5
FFB A AR RS R . A LS 00 T T A7 20 v A S e A T R S A A, X T
ST LT ST LU L JE b 22 S TR, B R I 1] A, 06 T A R T A R R A R
TR H RS RS B R e T BE R AR AR . R SN DA B R T K i AR 22 i g A% e [ A R &
R, BUE R 1~9 . RGO MRRIEATIEAE T, o a et pe i, RAER . HERER
SRR N IRIE S 5 RGN, P o B RV . BRI CGE 11~13 &, BiE i b anp koK,
JHL 35 P O TR I R YR 3 P 1 B 1 O e S R K R D R 1 R A Ol SR SRR 5 I IR Bk A R R T
T PL IR A A5 ) K AT 5 B0 1 o e Al 2 0 8 2 1 Xt RS A AT KA L DRI R D A R
HABE R ik 5 e B AICE K I ke g

P8 B L I B 28 A0 B2 38 A A 20043 v (R 16 PR AR AE 1 43, LA B R B b DA 2 S Ak 55 24 2 1
RS o 045 A LT B A Hh R B 0 B R B IR S L TR R R M BT I R R R B 3K A2 R R 4
Ko BB IR T S B R 2B, o R B 3R 25 i ek - R T T B, T R B 3R R e R
JBF 2 H A SIS Y, M A R R R R T S S A2 B A IR BT 14 5 M DA T SO R T Y
WA A% o A B2 2 10 Bk 0 EL AT R AR A 1) 5 IR 23 M T BB, Xt R A7 B 0 TR R R B R R R T,
iy 25 T A A A e g B R it R B A R R SR AR AR B o L- SR S 8- D- 4 0 1 e XA
JEV LR L 90 %65, Rk, FRATHE N AE 26 IR BE S A Wy XG40 i S 7 AT A 5 G o, SRS R AR
P48 )11 R B2 3% RIAG B2 28 70 b i 8 B K

17 LRE S A AR SN SEETE P (ABTS & DPPH #0) P 45 R Won . [ d 315 R sk 1 s (et 3 m i —
. MSMETHT R, £R 5L DPPH B 006 M 52 5 SRR B 2 W R B R i R S IR AR (p
<<0.01), HIFEHA LT A 1D SEEM A2 Bl F 2k 2RI G, Z2RE0EY
M B AT B0 I 3 S5, PR T LS R A 1l B BRBE 0 s 2) DA B R AR SR I BN S gk,
ot AR A, 5 B0 S A T P R A BB W) 20, UE ST R 2 A T A B AL R AR b S Tk, X Sk
[42 438 i — 3L,
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3.2 #ig

AWFFEVEM T A R H B )R A7 2138 35 a3 o A2 i DL R e S AR TS R S e, 25 SRR, WG B
SRR 43 B8 0 N () B B F R AT ) R AL B, T AR AR I AR LR T 45 TUUHE B (B AE AE B B 25 L BCE K [R) B I
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11 dFEm B M E RS ERm, D28, WM, &L ZRMiGE RS RERZ, DPPH i At
TR HEZ T, 5 dERT A RSHAZE . B, DPPH Hr 4 b6 M e m . (0 H S Z 3L m
B AR AR B KA AR S A . R IABLLAE P B 20 S BB (p<<0. 0D MR Z By (p<<0. 05) &
A OC, BV 5 R 2 W AR T AR IR ARG (p<T0. 01) 5 AHLLRE S R R E L B E R R B £
iy & 5 DPPH $i 8 L6 PE 2 & A (p<<0.01), XA KIS RS E AT HAE
FEEM; NEE R SR REWEEIEME(p<<0.01), SR IR . fF LR FR R 2 LR &2 & 7
I (p<C0.05); BB & it HRIOR . W0k . JOMK . ff IR AR IR 2 B R S i 1 35 TE A DG (p<<0. 01D, Itk
Ah, MR PCA MBRME 8T, B2, BE., D28, B NBRKE. B R AR EE. 18
2 ] % S A 0 1 AR B 480 fR U6 PR (DPPH AT ABTS) 0] LAAR 4 M X 43 S (5] 1) B2 5 18] 9 475 £ # & . OPLS-DA
TR 1L AR (VIP>1), SRR E HEA — @ Bidi6e S, MIEE S, KIHE 11 d
WELIRE S A A e, HOWRESR 5 dy LA N TR 11 d 5 &1 B2 7% 20 %E &b 00 0 R e A . 45 BTk, AR F5E
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