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Abstract: To effectively utilize discarded orange peel as a resource and enhance the value of fruit products, we

extracted pectin from orange peel using eco-friendly citric acid-sodium citrate buffer solutions at different pH values, then
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analyzed the physicochemical properties and biological activities of the extracted pectin. Pectin yield ranged from 13.1% to

36.3%, with an average galacturonic acid content of 75.81% and an average esterification degree of 26.67%. Orange peel

pectin exhibited good antioxidant and bile acid binding capacity, with scavenging capacity of 95.14% for-OH, 49.62% for

DPPH:, and 38.39% for ABTS'- at a concentration of 10 mg/mL. High-molecular-weight pectin demonstrated elevated bile acid

binding ability. A Ca® binding assay revealed that pectin extracted at pH 12 exhibited optimal gel-forming ability. Rheological

analysis indicated that the formed gel was predominantly elastic, with storage modulus (G’) higher than loss modulus (G")

across all samples at 0 to 250 rad/s. Finally, a probiotic viability assay using Clostridium butyricum demonstrated that the

extracted pectin can promote intestinal probiotic growth and has good acidification capacity. Overall, the pectin obtained by

this extraction method can directly be used as low-ester pectin, and exhibits significant biological activity. Orange peel pectin

thus offers potential applications that enhance the value of fruit products and promote nutritional health.

Key words: orange peel pectin; green extraction; physicochemical properties; antioxidant; bile acid binding; gel

properties; probiotic viability
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(GalA). RZHE (Rha). FHi HHE (Ara) A% &
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R 5y OH 2 A i1k 2 Wl 28 4 K 2E -1 2%
RPLIRETT, XML RN, 7R/ R,
RISy Ko Er BB, thah, R pH EE

=
ik (13.16%), i pH 1H A~ 10 B3 %55 (36.36%), FlN 3.08~3.98, X4 IR SRS VE (O 4S4E
x 1 BEREHELERSH
Table 1 The physicochemical properties analysis of orange peel pectin
pH & 6 pH 14 7 pH 14 8 pH & 9 pH 14 10 pH & 11 pH1E 12
13.16 £ 0.05° 1624 £0.03" 22.21+0.03° 25.42+0.02° 27.17+0.06° 36.33%0.03" 28.62+0.02° 26.52+0.02°
72.00 £3.55° 79.67 + 1.24" 76.33 = 1.24b° 75.50 +1.22°¢ 78.33+0.47" 71.05+1.41° 7526 +0.18° 73.01 + 1.42%

FEAF pH 1A 5
F51%
GalA/%

Ak /% 587+0.09° 529+0.03b 4.95+0.08" 4.87+021" 454£0.08 4.09%0.10° 3.87+0.08 3.52+0.05°

BAE/% 4365+ 1.09° 41.52+092°" 35.92+0.41° 42.31 £0.82 44.41+0.72" 40.18+0.77°" 40.91 £2.04* 39.79 +1.77°
DE 18/% 46.53 +2.05° 38.67 +0.47° 31.38+0.94° 26.75+1.69° 20.58*0.47° 18.63+0.94° 16.18*0.69" 14.67+1.24'
K%  3.22+0.05° 3.37+0.04° 377+0.05° 3.51%0.03° 3.87+0.07° 324+0.10° 3.74%0.12° 3.38+0.05
B%  457+0.16° 522+0.07° 3.54+0.15° 421+059" 322+0.10° 4.18+0.42b° 4.49+0.57" 3.63+0.13%
SF&/kDa  441.63 398.14 375.39 354.76 278.75 243.46 225.93 191.56
pH/EL  3.08%0.08 3.41%0.16" 3.98+0.12° 3.82+0.09" 3.89+0.15° 3.78+0.16" 3.85+0.08" 3.88+0.20"
E: R AERRRANINEFHATEFRE (P<0.05). FHE.
* 2 EBERRMWEEARS N
Table 2 Analysis of monosaccharide composition of orange peel pectin
248 /Mol % pH 1A 5 pH 14 6 pH & 7 pH 14 8 pH 1A 9 pH/{A 10  pHA{A 11 pH 1A 12

H 5548 (Man)
A (Xyl)
FFUBBLEA(GalA) 72.00 +3.55° 79.67 £ 1.24° 76.33 = 1.24™ 75.50 + 1.22° 78.33 £0.47" 7105+ 1.41° 7526 £0.18 73.01 + 1.42%
A A4 (Rha)  825+0.14° 7.17+0.13° 5.24+0.09° 6.17+0.03° 5.71+0.18 6.12+0.43° 524+0.61*° 5.09+0.21°
MT4A84% (Ara) 1021 £0.12° 9.37+0.11° 9.07+£0.27°
#EME (Glu) 1424 +0.12° 10.77£0.10° 9.48 +0.08°

1.09 £0.06™ 1.23£0.12" 1.14£0.08™ 1.09£0.10™ 0.94 +£0.06" 1.02 £0.15° 1.22+0.03" 1.25£0.07"
3.17£0.08° 2.87+0.05° 2.73£0.07° 251016 2.17£0.08° 2.480.15" 2.35+£0.23* 2.18+0.08°

8.27+0.14° 7.85+025" 832%0.17° 9.37+0.06° 8.39+0.32°

842031 549+£0.02° 5.14+05% 523+08  4.94+0.04°
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Fig.1 The FT-IR spectra of orange peel pectin extracted by

B %

citric acid/sodium citrate solutions at different pH values
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Fig.2 The X-ray diffraction patterns of orange peel
pectin extracted by citric acid/sodium citrate solutions at

different pH values

XRD F& ] T RAL AL T 5% TR
XRD H1&] 2 fiz,  RILFESRAE 21.5° A1 30.4° P4k i
BOUW ., RUHBEAG R 0E. 6SCIRE,
Fe i SR Y B — ML (13~15°), TR SRR
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WONEIIAIE, P AR AE AR 2 7™ A
A FIATIRIR / T RS IR B N AEGTIHR HR A i R L
FACARIERT,  ZRIHBAT —E I AL o

24 AwEFEMHME (SEM)

B 3 R pH EHITRER / i IRERINIA R AT R EXAYE K
REBFAHE T EREE

Fig.3 The scanning electron microscope images of orange

peel pectin extracted by citric acid/sodium citrate solutions
at different pH values
JE: a~h 89 pHAEARAK A 5. 6. 7. 8. 9. 10. 11. 12.

AN TR R ANAN [F) 7 95 52 B R B SEML I 7
&%, WA 3 R, fEpH AN 5 A6 T
B R AR AR, Hor AR . (ERE A BR L
FERRAR, pHAEDY 7~11 2541 T BRI SR IR i 2 47
A6, pH B 12 SRHUR R PR HBR AL L B
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Table 3 Analysis of texture properties of orange peel pectin
Ei-E o pH 1A 5 pH 14 6 pH & 7 pH {4 8 pH 14 9 pH 14 10 pH & 11 pH 1A 12

AN 0.68+0.01" 2.32+0.03° 10.17+0.05" 18.88 £0.43° 27.62+0.10" 32.27+0.12° 39.23 +0.08" 44.14+0.21°

5. /mm 0.08£0.02" 021%+0.06° 0.74+0.09" 1.13+0.08° 2.05+0.03° 2.52+0.08" 2.63+0.10° 2.43+0.05"
JRHE /N 0.25+0.03" 1.25+0.06° 1.57+0.02" 1.80+0.02° 1.87+0.05* 3.30£0.05° 3.80+0.04° 5.29%0.07"
wegbE/mj 0.13+0.02" 2.70+0.03° 3.23+0.07° 3.84+0.01° 4.46+0.03' 525+0.03 6.32+0.08" 7.80+0.11°

M /ratio 0.16£0.03"  0.15+0.01" 028%0.02° 0.40+0.01° 045+0.01° 0.59+0.03 0.62%0.05° 0.70 = 0.04"

FEMHE/(N'mm)  0.15+0.03" 1.15+£0.08° 1.26+0.05" 1.28+0.01° 1.89+0.03° 2.01+0.07° 2.32%0.02° 2.39 £0.04"
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Fig.5 The relationship between pressure and angular frequency of orange peel pectin extracted by citric acid/

sodium citrate solutions at different pH values
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acid/sodium citrate solutions at different pH values
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