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ABSTRACT 

PREBIOTIC POTENTIAL OF SUGARCANE (Saccharum O/ficinarum L.) 

AGRO INDUSTRIAL BY-PRODUCTS ON THE GROWTH OF 

PROBIOTICS 

Azizan Bin Ismail @ Abd Malek 

Sugarcane (Saccharum Officinarum L.) is a widespread tropical plant valued for its 

nutritional and sensory characteristics. Around 70% of its raw materials weight such 

as bagasse and peel are considered as agro-industrial by-products with high 

nutritional value. This study aims to assess the prebiotic potential of sugarcane agro­

industrial by-products on the growth of probiotic Lactobacillus casei strain Shirota 

(LcS) using an in vitro experimental model. Two parameters were assessed; the 

growth performance of LcS (log CFU/mL, final pH, mean growth rate and mean 

duplication time) and the prebiotic activity score. This experiment used sugarcane 

bagasse and peel as samples. These samples were freeze-dried, homogenized and the 

total sugar content was determined by using acid hydrolysis method. Then, the 

customized culture media was prepared by substituting glucose with sugarcane 

bagasse (MRSb) and peel powder (MRSp) in the same formulation (20 g/L) of 

commercial MRS broth. Commercial MRS (cMRS) broth was used as a positive 

control. After 48 hours of fermentation, the LcS growth \Vas signifir.ai,tly difference 

(p<0.023) between the media. Further analysis indicated that th� prcbiotic's growth 

in MRSp (8.60±0.35 log CFU/mL) was significantly differ�nt th:n, !!l the MRS broth 

(9.31±0.28 log CFU/mL). The media's pH was reduced follo\v1ng the fermentation, 

but the final pH was not significantly different between MRSb (5.71±0.03), MRSp 

(5.53±0.70) and MRS (5.69±0.11), with an exception of cMRS (4.44±0.07). There 

was no significant difference on the mean growth rate (p>0.835) and the mean 

duplication time (p>0.469) of LcS, indicated that the probiotic growth was not 

affected by the source of glucose in the media. Besides, the prebiotic activity scores 

of MRSb (0.23±0.01) and MRSp (0.18±0.01) are comparable with other agro­

industrial by-products reported in literature. From these findings, the sugarcane by­

products are important functional ingredients for food industry due to their potential 

prebiotic and fermentable properties. 
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PERPUSTJU<AA."' PEPUBATAN DAN SAfN� t<Elf��•'°'N
&11'4fVEH�rT; M'RA MALAYSIA

The use of agro industrial by-products with high nutritional value as new 

food additives or supplement has gained increasing interest because they are high­

value products and their recovery may be economically attractive (Oreopoulou & 

Tzia, 2007; Lamsal & Faubion, 2009). In this context, considering those aspects, the 

aim of this study is to determine prebiotic potential of sugarcane bagasse and its peel 

as agro-industrial by-product on the growth of selected Lactobacillus species. 

1.3 Significant of Research 

To my best knowledge, there is lacking published study on prebiotic potential 

of sugarcane (Saccharum O.fficinarum L.) agro-industrial by-product on selected 

Lactobacillus species. Pandey et al. (2000) stated most of fungi are preferred choice 

for enzyme production and protein enrichment on sugarcane by-products. Besides, 

sugarcane bagasse and peel are normally used for fertilizer and cattle teed. However, 

the large amount of dietary fibre in sugarcane bagasse and peel make them ideal 

candidates for dietary fibre in health food (Sangnark & Noomhonn, 2003). More 

information on characteristics of prebiotic activity on sugarcane bagasse and peel are 

needed before a universally prebiotic activity on sugarcane bagasse could be 

established, and prebiotic activity-related consequences on human health could be 

solved. Hence, important findings from this study such as parameter of probiotic 

growth performance and its prebiotic activity scores could add to the body of 

knowledge for prebiotic activity on agro-industrial by-product. That important data 

from the findings can also acts as baseline data for future researches. 
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and Streptococcus and inhibited potentially harmful bacteria; Bacteroides, 

Clostridum, coliforms and Eubacterium (Crittenden, 1999). Galactooligosaccharides 

(GOS) are another class of prebiotic that are manufactured and marketed in Europe 

as well as Japan and used widely in infant formula foods. 

2.4 Probiotics 

Probiotics as defined by the Food and Agriculture Organization of the United 

Nation (FAO) and World Health Organization (WHO) in 2006, comprise "live 

microorganisms which, when administered in adequate amounts, confer a health 

benefits on the host by influencing the composition and or metabolic activity of the 

flora in the gastrointestinal tract." The predominantly selected probiotics are species 

of Lactobacillus (naturally found in human small intestine) and Bifidobacterium 

(naturally found in human large intestine) while other organisrns such as probiotic 

yeast: Saccharomyces boulardii have limited uses in the food industry (Tamine et al., 

2005). Table 2.4 shows lists of the commercial strains that have been used as 

probiotics. 

Probiotics are considered beneficial if they meet the following criteria: (a) 

can be prepared in a viable manner and on a large scale for industrial purpose, (b) 

can remain viable and stable upon use or under storage, ( c) can survive in intestinal 

ecosystem and ( d) can positively affect the host (Fuller 1991; 1992). 
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Lactobacilli represents a group of gram-positive, non-spore, long to short 

rods or coccobacilli, and are either micro-aerophilic or anaerobic and strictly 

fermentative (Hammnes & Vogel, 1995). They are more tolerant to acid than the 

other genera of LAB, making them important in the final phases of food 

fermentation. Bifidobacteria are non-motile, often branch, Gram-positive anaerobic 

bacteria. They are one of the major genera of bacteria that comprise the colon flora, 

which are ubiquitous and endosymbiotic inhabitants of the gastrointestinal tract, 

vagina and mouth of mammals and other animals. Bifidobacteria constitute only 5-

10% of the total intestinal flora of children and adults. The numbers of bifidobacteria 

decreased with age and changes in eating habits, with the elderly has the lowest 

populations of bifidobacteria (Champagne et al., 2005). 

2.S Health benefits of probiotic and prebiotics

Prebiotics and probiotics are known to have positive effects at the nutritional 

and therapeutic levels. The consumption of prebiotic can significantly modulate the 

colon microflora by increasing the number of probiotic bacteria. In addition, short­

chain fatty acid such as acetic acid, propionic acid and butyric acid are some of the 

fermentation end products that can lower blood ammonia levels by producing NH4 + 

from the protonation of potentially toxic ammonia and amines (Hansen, Allan­

Wojtas, Jin & Paulson, 2002). As a result, mineral absorption (Ca and Mg) is 

enhanced, faecal weight is increased, and blood lipid levels are lowered. 

Furthermore, pH reduction also leads to pathogens inhibition. Current research from 

Hill et al (2014) indicates that prebiotic and probiotic strains live symbiotically, 

thereby enhancing the growth of gut microflora. Table 2.5 and 2.6 show the evidence 
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of available prebiotic and probiotic and their reported effects on human and animal 

health. 

2.5.1 Health benefits of prebiotic 

Table 2.5: Beneficial effects of prebiotic 

Physiological effects Health benefits 

Selection of pro biotic bacterial growth in Enhanced resistance to invading 

large intestine ( colonisation resistance) pathogens 

Increased stools frequency and stool Improved bowel function/Laxative 

weight effects 

Non-specific stimulation of lfflmune Resistance to infection 

function 

Not hydrolysed by oral micro-organisms Anticariogenic effect 

Not glycaemic Potentially useful for diabetes 

Modulation of carcinogen metabolism Anti-colon cancer properties 

Reduced synthesis of very low density Cardioprotective 

lipoprotein (VLDL) cholesterol and 

serum triglyserides 

Increased absorption of calcium and Protection against osteoporosis 

magnesnun 

Adapted from Macfarlane and Cumming ( 1999), Crittenden ( 1999), Van Loo et al. 
( 1999) and Roberfroid (2001 ). 
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because P. pentosaceus obtained prebiotic activity scores of 0.33 and 0.32 for cactus 

pear peel flour and pineapple peel flour, respectively. 

Besides, P. pentosaceus obtained higher prebiotic activity scores and higher 

growth and acidification parameters than the other lactic acid strains, indicating a 

better assimilation of the fennentable carbohydrates present in the peel flours. No 

difference between both cactus pear and pineapple peel flours indicated that the 

carbohydrates are equally available to be fermented. Positive effects were observed 

using these peel flours, indicating that, under the experimental conditions used, these 

ingredients had a positive prebiotic effect although with differences in specific 

growth and acidification parameters as a consequence of different structures of 

carbon sources (Hopkins et al., 1998; Cardelle-Cobas et al., 2011). 
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Putrajaya, Malaysia. In this study, standard plate count method was used as a 

quantitative method for determination of bacterial population, and LcS was selected 

as the probiotic. For isolation of LcS, 1 ml of Y akult cultured milk, which contained 

only LcS, was cultured on MRS agar for 48 h at 3 7°C. Later, a single colony of the 

bacteria was further grown in MRS broth for 24 h in an incubator shaker at 250 rev 

min-1 and temperature of 37°C. The growth of LcS was monitored optically at 600 

nm every 2 h for 24 h. The response of optical density (OD) was recorded and 

plotted using Microsoft EXCEL. 

Enteropathogen strain Escherichia coli K 12 was used as reference strain. 

Escherichia coli were reactivated in nutrient broth at 37 °C for 24 h obtaining a 

similar optical density. 

3.3 Instruments 

The instruments that was used in this experiment are freeze dryer (The 

VIRTIS Company, Inc Route 208, Gardiner, New York), incubator orbital shaker 

(716, Protech electronic), incubator (716, Protech electronic), blender 21 (Torrington 

Ct, USA), centrifuge machine (Universal 32R, Hettich Zentrifugen, England), 

weighing scale (AC Adapter, Japan) and vortex (EVM-VI000, Erla, Jayu, Korea). 
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