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Research progress on the extraction, bioactivity, structure-activity
relationship and applications of fruit polysaccharides
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ABSTRACT: Fruit polysaccharides are pivotal bioactive components found in various tissues of fruits, including the
pulp, peel and seeds. They possess multiple physiological functions, such as antioxidant, anti-inflammatory,
antitumor and hypoglycemic effects, establishing them as one of the natural bioactive substances with considerable
development potential in the fields of functional foods and pharmaceuticals. However, there is still a lack of
systematic analysis and summarization regarding the extraction techniques, biological activities, structure-activity
relationships and other related aspects of fruit polysaccharides. This paper systematically elaborated on the

progression of extraction techniques for fruit polysaccharides from traditional low-efficiency methods to
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high-efficiency and environmentally friendly approaches, reviewed the research advances in their main biological

activities and mechanisms of action, and further focused on discussing the structure-activity relationships between

key structural characteristics and their corresponding biological activities. In addition, the paper summarized the

current applications of fruit polysaccharides in the food industry and provided an outlook on future research and

industrial development directions, aiming to offer insights for further study and practical utilization of these

compounds.

KEY WORDS: fruit polysaccharides; extraction techniques; bioactive components; structure-activity relationship
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Table 1 Different extraction techniques of polysaccharides
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T2 4 B (akt serine/threonine kinase 1, AKT1); A&/5 H it =g A5 Wil (adipose triglyceride lipase, ATGL); i1 %A k5 /i (catalase, CAT);
Hi %ML IZ M 2 (glucose transporter type 2, GLUT2); 7+ bt H ik (glutathione, GSH); =% & IR 2& 1 /IH [ % (high-density lipoprotein
cholesterol, HDL-C); C. i/ (hexokinase, HK); it % -y (interferon-y, IFN-y); 144 -18 (interleukin-18, IL-18); 1404 % -4
(interleukin-4, IL-4); [/ ZE Z A4 1 (insulin receptor substrate 1, IRS-1); {8&%% & B 2 4 I [ B (low-density lipoprotein cholesterol,
LDL-C); 7N _f#(malondialdehyde, MDA); J&/5i4: & 2 [ fifi (matrix metalloproteinase, MMP); H #& %1341 it (natural killer cell, NK); %A
ALiE 5 -1 [NAD(P)H quinone dehydrogenase 1, NQO1]; WiRMENLES 3-#4 M (phosphatidylinositol 3-kinase, PI3K); PN il iz 4 i (pyruvate
kinase, PK); i &AL Hy BEHA I 5038005 2 /R o (peroxisome proliferator-activated receptor-a, PPAR-a); 1% %5 (reactive oxygen species, ROS);
AL P B AL B (superoxide dismutase, SOD); & IH[E [ (total cholesterol, TC); Hih =K (triglycerides, TG); MJEIRIEH F o (tumor
necrosis factor-a, TNF-a); 1,1- " K 3E-2- =l FEIKJJF(1,1-diphenyl-2-picrylhydrazyl, DPPH); 2,2°-I5¢ % - X (3- £ JE IR I WE M Ik -6 -Tith
fi2)[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), ABTS].
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Fig.1 Schematic diagram of the basic mechanism of the main bioactive functions of fruit polysaccharides
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AP BTG R (0 T BB B, 3 T 0 o LR AP Y
JIT LA Z2 W00 53 F R0 AR S R 2 8], AN AR T B
IEARSEER ARSI 2R, HXAS ) A 49 1 A 5% i 2 45 A AR
[ o AR gE R, wT L3 2 i 22 W i B ORI 1-4%
PR, RFAF HA R PR AR 20, Emitfe e e
fi 24 i DL AR it A 40T A SE e b AR
3.2 EBBEERK

BORE Y 20 BT EL 1) RE 5 T2 5 T 22 B ) B4R TR
HETT A i e A RO, gk 2 FoR, KERZ
WELFY e 28, W% H Rha, Ara, Man, Gal, Xyl,
Glu I Fuc IAR[H ELBIF AL . BEAN, A5 2K L2 H ik & A
GalA 5 GleA,

WS R AR R KSR 2 W SRR v da o, HoSr Bl gy
W) 1) 22 14 22 Pl A 3 1 o LT 250 OHR ST T 1k R R 4R B
RGN 4 FhSEE R AR5y . SHAMAL > HH, 8
1o 10 B )35 B B HOK B EGA 3R A5 1 2 B (HSEHE-100)
GalA & fe ), X DPPH H FHEA ABTS BHE F A LAY
T BRAE i o 5 U, FEHT R MGG P 2 30,
FA5rH) DPPH A HFETEBREE S GalA & REAEY,
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Table 2 Summary of molecular weight, monosaccharide composition, and bioactivity of polysaccharides from different fruits
RPN E2 i 43FHht/kDa PAMEL B/ Y% B IR L WG SR
Man:Rha:GalA:Glu:Gal:Ara
Na 521.39 (1.69:7.05:49.02:6.29:8.92:27.04)
Man:Rha:GalA:Glu:Gal:Ara
Hw 436.59 m-o Ao
- (1.49:6.15:55.18:5.45:7.90:23.82) P AL TE HE (Na>Hw>AL>Ac) "
B A2 i i M ~
Al 57134 Man:Rha:GalA:Glu:Gal:Ara LB P (Hw~Na>Ac>Al)
’ (1.74:8.05:48.36:4.61:9.87:27.36)
Man:Rha:GalA:Glu
Ac 2425 (0.77:2.88:92.29:4.07)
Gal:Glu:Rha:Ara:Xyl:GalA
PSP-H 354.41 (29.03:43.76:15.20:3.98:1.09:6.95)
Gal:Glu:Rha:Ara:Xyl:GalA
PSP-a 21073 (57.49:6.68:15.16:11.61:3.70:5.35)
. Gal:Glu:Rha:Ara:Xyl:GalA S L
5 PSP-i 186.40 (57.49:6.68:19.98:5.10:1.62:9.32) W i Bl 17 4::(PSP-h>PSP-a>
KR PSP-c>PSP-¢) [22]
LA AL TE P :(PSP-h>PSP-u>
PSP-c 71.05 Gal:Glu:Rha:Ara:Xyl:GalA ?ﬂﬂ%{ﬁﬁ(‘ S SP-u
: (44.78:5.14:28.36:9.59:1.18:10.96) PSP-e>PSP-i>PSP-a>SP-c)
Gal:Glu:Rha:Ara:Xyl:GalA
PSP-u 80.82 (52.51:6.50:19.40:10.07:3.63:7.89)
Gal:Glu:Rha:Ara:Xyl:GalA
PSP-c 327.10 (32.76:39.21:13.63:5.75:1.71:6.94)
Man:Rha:GalA:Glu:Gal: Xyl:Ara
KPS-M 168.9 (0.36:0.23:3.28:1.00:1.69:0.24:0.93)
— 5 Man:Rha:GalA:Glu:Gal:Xyl:Ara HrEfIEE
Bt KPS-U 168.9~195.5 (0.77:0.47:5.16:1.00:2.91:0.36:1.86) (KPS-M>KPS-U>KPS-H) [63]
Man:Rha:GalA:Glu:Gal: Xyl:Ara
KPS-H 1953 (0.25:0.35:4.07:1.00:1.24:0.24:1.01)
Rha:GalA:Gal:Ara
BP1 9027 (3.86:3.92:46.06:39.72)
W BP2 93.13 Rha:GalA:Gal:Ara HUAATETE(BP1/BP2>BP3) [64]
i : (9.50:37.49:27.59:20.76) YA & P (BP1/BP2>BP3))
Rha:GalA:Gal:Ara
BP3 122.30 (19.78:32.21:23.80:19.72)
GlcA:Rha:GalA:Glu:Gal:Ara
L SGP-C2 500 (0.78:1.84:26.57:1.31:0.49:0.06) e E T VE M (651
(SGP-D1>SGP-C2)
SGP-D1 760 (1.37:2.00:20.79:0.61:0.12:0.25)
Man:Glu:GalA:Gal:Xyl:Ara:Fuc:Rha
LBP-1 6.99 (1.28:47.27:0.39:1.20:0.73:0.81:1.81:0.82) NN
HIAd AbL SRR E3 [66]
LBP-2 277 Man:Glu:GalA:Gal: Xyl:Ara:Fuc:Rha (LBP-2>LBP-1)

(1.28:11.68:1.46:13.37:1.91:27.76:0.62:1.67)
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I E S E2 /3 ¥#t/kDa PR B/ % B B OK L AW SR
Rib:Rha:Ara:Xyl:Man:Glu:Gal
LPPA 85.6 (1.99:5.09:15.22:0.51:11.35:25.63:40.21)
Rib:Rha:Ara:Xyl:Man:Glu:Gal
LPPI 85.1 (2.23:7.26:13.46:0.63:9.12:22.32:44.48)
ik LPPH 821 Rib:Rha:Ara:Xyl:Man:Glu:Gal WA % 1 [67]
: (3.70:6.10:14.88:2.19:10.72:26.37:36.04) (LPPF>LPPFH>LPPH>
LPPI>LPPA)
Rib:Rha:Ara:Xyl:Man:Glu:Gal
LPPFH 80.7 (3.91:5.39:14.41:4.11:11.70:34.28:26.20)
LPPF 729 Rib:Rha:Ara:Xyl:Man:Glu:Gal

(3.31:9.92:24.21:1.25:9.955:20.60:30.76)

H: Ara: BRI (M (arabinose); Fuc: 7 M (fucose); Gal: FFB¥(galactose); Glu: i ZjHi(glucose); Man: H #4#(mannose); Rha: [RZ4=H#
(rhamnose); Rib: #% M (ribose); Xyl: AME(xylose); GalA: I FLHEE 2 (galacturonic acid); GlcA: %5 Hif i B2 (glucuronic acid).
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