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• Shiga toxin (Stx)-producing, food-contaminating Escherichia coli (STEC) is a major health concern, due
to the debilitating hemolytic uremic syndrome which can occur when STEC-contaminated food is ingested.

• According to the CDC infection causes more than 96,000 cases of diarrheal illness and 3200
hospitalizations annually in the US.

• There is no effective treatment for STEC-related food poisoning.
• Plant-derived pectin and pectic-oligosaccharides (POS) have been considered as prebiotics protective

of humans from this toxin.
Study Purpose

• To analyze the carbohydrate structures of five different POSs from citrus fruit peels and compare their
bifidogenic potentials.

• Investigate their inhibitory effects on the adhesion of E. coli bacteria to HT29 cells.
• Compare the effects of the different POS on cytotoxicity of Stx using a novel PCR assay developed by

the authors.
Study Design

• Human fecal cultures evaluated with five structurally distinct citrus pectin samples including modified
citrus pectin (MCP) (PectaSol-C®, ecoNugenics, Santa Rosa, CA) for effects on growth of
bifidobacterial and lactobacilli.

• Adhesion of E. coli to human HT29 cells evaluated.
• Effect of pectin on Stx toxicity evaluated.

Results/Conclusions 
• Of five structurally different citrus pectic samples, POS1, POS2 and MCP were bifidogenic with

similar fermentabilities in human fecal cultures.
• This investigation reaffirmed two bioactivity structure-function relationships that arabinose-rich

rhamnogalacturonic acids are responsible for in vitro prebiotic activity and oligogalacturonic acids
are responsible for STEC anti-adhesion activity.

• Lower molecular weight de-esterified structures enhance STEC anti-adhesive activity.
• All pectic substrates tested were anti-adhesive for E. coli O157:H7 binding to human HT29 cells

(Table 1).
• All pectin samples reduced Stx cytotoxicity in HT29 cells.
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Background 

(more)

 PectaSol-C MCP enhances the growth of bifidobacteria in human fecal cultures and anti-Shiga toxin 
(Stx)-producing, food-contaminating Escherichia coli (STEC).

 This investigation reaffirmed two bioactivity structure-function relationships that arabinose-rich 
rhamnogalacturonic acids are responsible for in vitro prebiotic activity and oligogalacturonic acids are 
responsible for STEC anti-adhesion activity.

 Lower molecular weight de-esterified structures enhanced the anti-adhesive activity of STEC.
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Summary
• The utilization of oligosaccharides derived from agricultural byproducts such as MCP to selectively

stimulate the growth of beneficial bacteria and inhibit bacterial attachment of pathogens has proven
successful for a number of POSs.

a,b,c,bc,d,e,f,g Indicate significant differences in inhibition of E. coli O157:H7 ATCC43895 adhesion relative to the control at different 
concentrations of the respective samples. 1,2,3,4 indicate significant difference in anti-adhesive activity across all the oligosaccharides 
at one particular concentration based on ANOVA statistical analysis (P < 0.05). All values are the means ± standard deviation of results 
obtained with triplicates.

mg/mL POS1 POS2 OpPOS MCP1 MCP2

0.001 32.9 ± 2.0a1 68.02 ± 2a3 30.9 ± 1.2a1 39.6 ± 1.4a2 39.1 ± 1.4a2

0.005 13.7 ± 1.5b1 47.1 ± 1.5b3 8.6 ± 0.6b1 39.1 ± 0.7a2 35.0 ± 0.7a2

0.01 17.4 ± 2.3b1 51.5 ± 3b3 15.8 ± 0.5c1 40.0 ± 1.4a2 38.8 ± 7.8a2

0.05 26.0 ± 0.6c1 77.6 ± 2c3 20.9 ± 1c1 47.8 ± 4.2b2 40.8 ± 5.7a2

0.1 33.3 ± 0.3c1 79.0 ± 0.6c3 34.5 ± 1.5ad1 51.8 ± 2.8b2 44.1 ± 7.1a2

0.5 40.2 ± 0.3d1 94.8 ± 0.2d4 83.5 ± 1.4e3 55.1 ± 0.7b2 52.0 ± 2.8b2

0.8 5 1.1 ± 0e2 98.8 ± 0.2d4 93.5 ± 2f4 61.6 ± 2.8c3 37.0 ± 0a1

1 56.6 ± 0.2e1 100 ± 0.4d2 97.1 ± 1f2 57.3 ± 1.8bc1 57.0 ± 1.1b1

2.5 74.0 ± 2f2 100 ± 0.8d3 100 ± 0.3f3 63.5 ± 2.8c1 77.1 ± 1.3c2

5 91.3 ± 1g1  100 ± 0.4d2 100 ± 1.8f2 100 ± 0d2 100 ± 0d2

Table 1. Anti-adhesion activity of POS samples at different concentrations against E. coli O157:H7 strain ATCC43895 compared to 
untreated control sample.

Adhesion Relative to Control (%)




