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Abstract: Agro-industrial co-products derived of fruit processing represents an important 
source of bioactive compounds as fiber, antioxidants and prebiotics. The objective of this 
work was to determine the content of fiber, antioxidant capacity and prebiotic activity of 
three flours obtained from commonly co-products (banana peel, apple peel, and carrot 
bagasse). The results showed a higher total fiber content in carrot bagasse, and lower in apple 
peel. Significantly differences were found in antioxidant activity. Fruit co-products flours 
were a suitable carbon source increasing specific growth rate with a reduction in duplication 
time as compared to glucose. The prebiotic activity was positive in the three co-products, all 
flours survived at pH 1.0 and showed resistance to simulated gastric acid for about 60 min. 
Banana peel, apple peel and carrot bagasse showed to be a good source of bioactive 
compounds as fiber and antioxidants and can be used as prebiotics for lactic acid bacteria. 
 
Keywords: agroindustrial co-products,  fiber, antioxidants, prebiotic. 

 
INTRODUCTION 
 
The processing of fruits results in high amounts of waste materials as peels, 
seeds, etc. Disposal of these materials represents a problem of contamination 
and normally these products are utilized as animal feed or fertilize 
(Oreopoulou and Tzia, 2007). In the last years the valorisation of agricultural 
co-products is receiving more attention, co-products contain valuable 

                                                           
1  Corresponding author. Mailing address. Lourdes Perez-Chabela. Biotechnology 
Department, Universidad Autonoma Metropolitana Iztapalapa. Av. San Rafael Atlixco 86, 
Mexico City 09340, Mexico. E-mail: lpch@xanum.uam.mx  

Series E: Food technology

ACTA 

UNIVERSITATIS 

CIBINIENSIS

Series E: Food technology

ACTA 

UNIVERSITATIS 

CIBINIENSIS

Series E: Food technology

ACTA 

UNIVERSITATIS 

CIBINIENSIS

Series E: Food technology

ACTA 

UNIVERSITATIS 

CIBINIENSIS

Series E: Food technology

ACTA 

UNIVERSITATIS 

CIBINIENSIS

10.1515/aucft-2016-0011 



Hernández-Alcántara et al., Evaluation of agro-industrial co-products  4 
as source of bioactive compounds: fiber, antioxidants and prebiotic 

substances, such as pigments, sugars, organic acids, flavours and bioactive 
compounds with antioxidant activity; they are good sources of dietary fiber 
(Martínez et al., 2012). These co-products could be converted into 
commercial products, either as raw materials for secondary processes 
(intermediate food ingredients) as operating supplies, or as ingredients of 
new products (Sánchez-Zapata et al., 2009). 
Many agricultural co-products are rich in dietary fibers. The term dietary 
fiber refers of the ”remnants of edible plant cells, polysaccharides, lignin and 
associated substances resistant to digestion by the alimentary enzymes of 
humans” (Trowell, 1974). The dietary fiber decrease faecal transit time 
through the bowel (Marlett et al., 2002). Raw materials to produce fruit fiber 
are available in large quantities and are more or less a by-product of the 
processing of fruits to juice or puree (Larrauri, 1999).  
Phenolic compounds present in plants tissues are an essential part of the 
human diet, and are of considerable interest due to their antioxidant 
properties. Fruits, vegetables and beverages are the major sources of phenolic 
compounds in the human diet. The food and agricultural products processing 
industries generate substantial quantities of phenolic rich co-products, which 
could be valuable natural sources of antioxidants (Balasundram et al., 2006). 
Epidemiologic studies have clearly shown that diets rich in plant foods 
protect humans against degenerative diseases such as cancer and 
cardiovascular diseases (Manach et al., 2005). Plant polyphenol composition 
is highly variable both qualitatively and quantitatively, for example, flavanols 
are the major polyphenols (65-85%) in apples (Cheynier, 2005). 
Prebiotics are one of the most important functional foods. A prebiotic is a 
selectively fermented ingredient that allows specific changes, both in the 
composition and/or activity in the gastrointestinal microflora, conferring 
healthy benefits to the host (Gibson et al., 2004, Roberfroid, 2007). 
Nonetheless, the criteria necessary to consider a carbohydrate as a prebiotic 
are: 1) resistance to gastric acidity, hydrolysis by mammalian enzymes, and 
gastrointestinal absorption; 2) fermentation by intestinal microflora; and 3) 
selective stimulation of the growth and/or activity of those intestinal bacteria 
that contribute to health and well-being (Gibson et al., 2004). Most prebiotics 
and prebiotic candidates identified today are non-digestible oligosaccharides; 
they are obtained either by extraction from plants (Delzenne and Roberfroid, 
1994). 
The objective of this work is to determine the total fiber content, antioxidant 
capacity and prebiotic activity for three ingredients obtained from agro 
industrial co-products: banana peel, apple peel and carrot bagasse, as a source 
of bioactive compounds. 
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MATERIALS AND METHODS 
 
Ingredients 
Banana peel (Musa sapientum), apple peel (Malus domestica) and carrot 
(Daucus carota L.) bagasse were obtained from local fruit processing 
establishments in Mexico City. Collected peels and bagasse were transported 
to the lab in plastic boxes and kept under refrigerated storage (5±1 °C) until 
processing. Peels were washed with tap water, cut in small 22 cm cubes and 
dried at 60 °C until constant weight was obtained. Bagasse was uniformly 
distributed to dry process at same conditions. Dry materials were sieved 
successively after ground in different number sieves (100, 80, 50 and 20) to 
obtain a regular powder named flour and stored in dark containers. 
 
Fiber Composition, total phenolic compounds and antioxidant capacity  
The total, soluble and insoluble dietary fibers were determined by the 
enzymatic gravimetric method, AOAC Official Method No. 991.43 (AOAC, 
1999). 
Polyphenols were extracted employing an organic solvent to macerate one g 
of flour in the corresponding solvent: a water-acetone solution (1:1) for carrot 
bagasse, 80% (v/v) cold acetone for apple and 100% (v/v) methanol for 
banana, with constant magnetic stirring during 12 h for the first and 1 h for 
the last. Extracts were filtered through with a Whatman No. 1 filter paper and 
storage at room temperature on dark containers until further analysis. Total 
soluble phenolic compounds were determined by the method described by 
Singleton and Rossi (1965). Absorption was measurement at a wavelength of 
765 nm. The amount of total polyphenols was quantified using a calibration 
curve with gallic acid in the range of 0-0.1 mg/mL. Results were expressed as 
mg of gallic acid equivalents (GAE)/100 g sample.  
The antioxidant capacity of the polyphenols extract obtained from each by-
product was determined according to the methodology reported by Re et al. 
(1999). The antioxidant activity was reported in Trolox equivalents (TEAC) 
per 100 g of sample, according to: 

Antioxidant activity=
AbsControl − AbsSample

AbsControl
 × 100 

where AbsControl is the absorbance of control, and AbsSample is the absorbance 
of the extract at 734 nm. 
 
Fermentation to determinate bacterial growth and acidification parameters 
Pediococcus pentosaceus UAM 22, a previously lactic acid bacteria reported 
as thermotolerant (Ramírez-Chavarín et al., 2010; Ramírez-Chavarín et al., 
2013), was employed. Probiotic strain Lactobacillus rhamnosus GG was 
employed as probiotic control. The different by-products flours were 
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employed as the carbon sources to determinate their influence on the growth 
and media acidification. Culture medium (Bustamante et al., 2006) was 
formulated with casein peptone (0.5% w/v), yeast extract (0.3% w/v), and 
carbon source. Carbon source was glucose (1% w/v, as Control) or by-
products flour (based on 1% of total soluble carbohydrates, determined by 
phenol-sulphuric method (Dubois et al., 1965). Samples of the different 
fermentations were taken during 10 h (one h each) to determinate bacterial 
growth and pH. 
 
Bacterial growth and acidification parameters 
The bacterial growth employing the different co-products flours as carbon 
sources was evaluated counting the number of colonies employing the 
appropriate culture media incubated in anaerobic conditions during 24 h at 37 
°C.  
The mean bacterial growth was determined according to Wiley et al. (2008), 
where Nt = CFU mL-1 at the end of exponential phase and N0= CFU mL-1 at 
the start of exponential phase at the time h, according to: 

k=
log Nt − log N0

log 2 × t
  

And the mean duplication time g (h) was calculated according to: 

 g=
1

k
 

The acidification parameters calculated were Vmax (maximum acidification 
rate, pH units10-3 h-1), pH Vmax (pH at Vmax), and t Vmax (time to reach Vmax, 
h) (De Souza Oliveira et al., 2009). 
 
Prebiotic activity evaluation 
The prebiotic activity of each co-product flour was determined according to 
the relationship described by Huebner et al. (2007), considering the growth of 
lactic acid bacteria during fermentation (N: Nt= 10h – N0= 0h), using co-
products peel flours and glucose as carbon source, as follows: 

��������� �������� = ���
∆� ���������

∆� �������
− �������

∆� ���������

∆� �������
 

LAB employed was P. pentosaceus UAM 22 or L. rhamnosus GG counts, 
and Enteric is E. coli. 
 
Low pH tolerance and survival to simulated gastric acid conditions 
Lactic acid bacteria strain was reactivated and cells were collected by 
centrifugation (5,000g for 10 min at 4°C). Cellular pellet was rinse two fold 
with sterile PBS (pH 7.2) solution to determinate their low pH tolerance. The 
strain was inoculated in medium with prebiotics flours (banana and apple 
peels and carrot bagasse flour) and pH was adjusted to 0.5, 1.0, 2.0, and 3.0 
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before incubating during 1, 2 and 4 h. Survival was quantified by plate counts 
reporting the survival percent (Ehrmann et al., 2002).  
Survival in simulated gastric acid conditions was evaluated employing the 
activated strain (~108 CFU/mL). After incubation bacteria was inoculated 
into a medium that simulated gastric juice adjusted at pH 1.0 (carbon source 
1%, 2.05 g/L NaCl; 0.60 g/L KH2PO4; 0.37 g/L KCl; 0.05 g/L porcine bile 
and 0.0133 g/L pepsin), with prebiotic flours as carbon source. Survival was 
quantified by plate counts sampling at 0, 30, 60 and 90 min, diluting and 
inoculating in MRS plates, reporting the count of surviving microorganisms 
(Beumer et al., 1992).  
 
Experimental design 
The proposed model proposed to determinate the effect of the by-products 
peels flour as carbon source on the bacterial growth was: 

Yij= +i+ϵi 
where Yijk represents the agro-industrial co-products flours composition, the 
parameters obtained from the fermentations (bacterial growth and 
acidification kinetics) with the ith type of carbon source (banana peel flour, 
apple peel flour, carrot bagasse flour or glucose), αi are the main effect for 
type of carbon source; ∈i is the residual error assuming a Normal distribution 

with  � and 2, since the model as specified is over-parameterized and the 
parameters have to constrained by requiring them to set one parameter at 
least to zero (Der and Everitt, 2001).  Time was included as second factor to 
analyse the simulated gastric conditions survival. Data were analysed with a 
analysis of variance (PROC ANOVA command) in SAS Software v. 8.0 
(SAS Institute, Cary), determining significantly differences among means 
with the Duncan mean test. 
 
RESULTS AND DISCUSSION 
 
Dietetic fiber content 
Table 1 presented the chemical composition results for the analysed 
agroindustrial co-products. The highest fiber content was detected in carrot 
bagasse, followed by banana peel and apple peel (52.01%, 46.63% and 
35.22%, respectively). Carrot bagasse presented as well the higher insoluble 
fiber content (9.91%). Techno-functional and physiological properties of both 
dietary fiber fractions, soluble and insoluble, are different according to the 
supply employed. The reduction in the glycemic response and plasma 
cholesterol attribute to soluble fiber is endorsed to their viscosity increase 
capacity, and the increase in faecal bulk together with the intestinal transit 
decrease are attributed to lower density and porosity of insoluble fiber 
(Elleuch et al., 2011). Total dietary fiber (TDF) content is close to the 
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reported for other co-products like wheat bran (44%), peach (60%) and 
orange (38%) (Grigelmo-Miguel and Martin-Belloso, 1999); orange Valencia 
(64%) (Figuerola et al., 2005); carrot (30%) (Laufenberg et al., 2003); and 
banana (47.99%) (Jacometti et al., 2015).  
The ratios of insoluble to soluble dietary fiber are shown in the Table 1. In 
most fruit and vegetable co-products this ratio approximates 2:1, although 
variations depend on the variety and maturity of the crop, especially for some 
apple varieties (Oreopolou and Tzia, 2007). 
 
Table 1. Composition of dietary fiber, total phenols content and antioxidant activity 
for the agro-industrial co-products flours 

 Apple peel Carrot bagasse Banana peel 
Total dietary fiber 
(g/100g) 

35.22±0.49c 52.00±0.81a 46.63±0.27b 

Insoluble dietary fiber 
(IDF, (g/100g) 

28.73±0.77c 42.10±0.62a 39.88±0.32b 

Soluble dietary fiber 
(SDF, g/100g) 

6.48±0.28c 9.91±0.43a 6.75±0.05b 

IFD/SFD 4.43 4.24 5.90 
Total phenol content (mg 
GAE/100 g sample) 

1669.02±4a.4a 515.73±3.81b 147.02±1.44c 

Antioxidant activity 
(mol E Trolox/g sample) 

266.22±22.2a 47.37±2.30b 30.93±1.40c 

a, b, c Means in same row with same letter are not significantly different (P<0.05)  
 
Total phenolic compounds and antioxidant capacity 
The results of bioactive compounds content in the studied samples are 
summarized in Table 1. A significantly (P<0.05) higher polyphenols content 
and antioxidant capacity were found in apple peel, followed by carrot bagasse 
and banana peel. The higher the total polyphenol content, the greater is the 
antioxidant activity (Goristein et al., 2002; Leontowicz et al., 2007). Someya 
et al. (2002) reported total phenolics were more abundant in banana peel than 
in pulp. There were differences in the activity antioxidant of extracts 
prepared by different solvents. González-Montelongo et al. (2010) reported 
that extracts of banana peel obtained with acetone:water were the most 
effective in inhibiting the oxidation of linoleic acid and subsequent bleaching 
of β-carotene, in comparison with the control. The extracts obtained with 
methanol:water, ethanol:water, methanol, ethanol or water had lower 
antioxidant activity in the β-carotene/linoleic acid system, 40–75% of the 
inhibition of extracts obtained with acetone: water. In this study the higher 
activity antioxidant was utilized methanol:water. The use of different solvent 
systems such as methanol (banana peel and apple peel) and acetone:water 
(carrot bagasse) was to obtain the maximum antioxidant activities of 
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extracted polyphenols. Dufour et al. (2007) and Mohdaly et al. (2010) 
reported that extracts obtained using higher-polarity solvents were more 
effective radical scavengers than those obtained using lower-polarity 
solvents. Methanol showed slightly better characteristics than ethanol as a 
solvent for phenolic compounds, flavonoids and flavonols. Carrots contained 
mainly hydroxycinnamic acids. Phenolic content in different tissues 
decreased from peel, phloem to xylem, and antioxidant and radical 
scavenging activities decreased in same order as well (Bozalan and 
Karadeniz, 2011; Zhang and Hamauzu, 2004). The higher level of phenolic 
and antioxidant properties in carrot peel treated as the waste in the processing 
industry could be considered for value-added. Fruits and vegetables peels 
contain higher amounts of total phenolics compared to the edible portions. 
The wide variations in the total phenolics contents of the different fruits or 
vegetables, or even for the same fruits or vegetables, can be attributed to the 
complexity of these groups of compounds, and the methods of extraction and 
analysis (Balasundram et al., 2006). Several polyphenols have been shown to 
inhibit the growth and adhesion of gut pathogens to a human gut cell line, 
and to enhance the proliferation and adhesion of probiotic L. rhamnosus 
(Parkar et al., 2008). 
 
Bacterial growth parameters and acidification parameters 
When glucose and apple peel flour were employed as carbon source in P. 
pentosaceus fermentations, significantly (P<0.05) higher values for mean 
growth rate were obtained, banana peel flour resulted in the lower ones. In 
same way, significantly (P<0.05) lower mean duplication times values for 
glucose and apple peel flour fermentations was obtained (Table 2).   
Similar tendency was observed with L. rhamnosus, with significantly 
(P<0.05) higher values for mean growth rate and significantly (P<0.05) lower 
mean duplication times values in fermentations with glucose and apple peel 
flour. No growth was observed when banana peel flour was employed as 
carbon source in fermentations with L. rhamnosus (Table 2).  
For the acidification parameters, in P. pentosaceus fermentations employing 
glucose or apple peel flour resulted in significantly (P<0.05) higher 
maximum acidification rate (Vmax) values, followed by the carrot bagasse 
samples. In same manner, the pH at Vmax was significantly (P<0.05) higher 
with glucose and apple peel flour as carbon source. Consequently, the time to 
reach the maximum acidification rate was significantly (P<0.05) lower in 
fermentations with glucose or apple peel flour. Banana peel flour resulted in 
lower growth and acidification for P. pentosaceus (Table 2). 
In L. rhamnosus fermentations, glucose or apple peel flour fermentations 
resulted in significantly (P<0.05) higher Vmax values, with significantly 
(P<0.05) higher pH at Vmax values. Significantly (P<0.05) lower time to 
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reach the maximum acidification rate was obtained as well with glucose or 
apple peel flour. No growth was observed when banana peel flour was 
employed as carbon source (Table 2). 
The ability to utilize one prebiotic is strain-dependent conditioned on their 
ability to depolymerizing capacity (Yeo and Liong, 2010). Lactic acid 
bacteria are capable to metabolize other carbon sources, depending on the 
chemical structure, polymerization degree and the type and composition of 
the monomeric units. Maximum specific growth rates are observed with 
disaccharides and oligosaccharides as compared to monosaccharide, 
confirming differences carbohydrate utilization abilities and kinetics by 
different strains, as Parra-Matadamas et al. (2015) reported higher growth 
rate when grapefruit peel flour was employed as carbon source. The 
simultaneous production of several different glycosyl hydrolases and the co-
metabolism of indigestible di- and oligosaccharides represent a selective 
advantage over other colonic bacteria for the utilization of the intestinal 
fermentable carbon sources (Amaretti et al., 2006). 
 
Table 2. Effect of different carbon sources on bacterial growth parameters for P. 
pentosaceus and L. rhamnosus 

Carbon 
source 

k (h-1) g (h) 
Vmax (pH 
10-3/min) 

pHVmax tVmax (h) 

P. pentosaceus 
Glucose 1.40±0.04a 0.62±0.04c 4.45±0.04a 5.72±0.2a 4.72±0.7c 
Apple peel 1.45±0.04a 0.65±0.04c 4.39±0.01a 5.66±0.3a 4.89±0.1c 
Carrot 
bagasse 

1.25±0.01b 0.70±0.01b 3.97±0.10b 5.15±0.2b 5.71±0.2b 

Banana 
peel 

1.23±0.03c 0.85±0.00a 3.78±0.30c 4.85±0.6c 7.70±0.1ª 

L. rhamnosus 
Glucose 1.36±0.07a 0.74±0.04b 4.50±0.10a 5.29±0.03a 4.97±0.30b 
Apple peel 1.25±0.03a 0.80±0.08b 4.20±0.20a 5.09±0.10a 4.82±0.20b 
Carrot 
bagasse 

1.06±0.05b 0.94±0.00a 3.00±0.20b 4.95±0.20b 5.95±0.30ª 

a, b, c Means in same column with same letter are not significantly different (P< 
0.05) for each microorganism 
 
Prebiotic activity evaluation 
The prebiotic activity was significantly (P<0.05) higher for apple peel flour, 
followed by carrot bagasse flour, in fermentations with P. pentosaceus. When 
L. rhamnosus was tested, significantly (P<0.05) higher prebiotic values were 
obtained with apple peel flour, followed as well by carrot bagasse flour 
(Table 3). L. rhamnosus presented no growth with banana peel flour.  
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Prebiotic activity reflects the ability of a given substrate to support the 
growth of a probiotic in relation to other microorganism, a pathogen. The 
relative growth on a non-prebiotic substrate, such as glucose, indicates 
changes in bacterial population, substrate assimilation and growth rate, 
assigning a positive or negative effect as the calculated index of a specific 
strain of bacteria (Huebner et al., 2007). At the experimental conditions, P. 
pentosaceus obtained higher prebiotic activity scores, related to higher 
growth and acidification parameters than L. rhamnosus GG, indicating a 
better assimilation of the fermentable carbohydrates present in the peel 
flours. Different microorganisms react differently to different sugars. For 
same P. pentosaceus UAM 22 strain, Díaz-Vela et al. (2013) reported similar 
prebiotic activity score results of 0.33 and 0.32 for cactus pear peel flour and 
pineapple peel flour, respectively. In same manner, garlic, shallot or onion 
extracts presented higher prebiotic score (close 2.0), but with germinated rice 
extract the prebiotic score was low (0.20) for L. acidophilus (Moongngamn et 
al., 2011).  
 
Table 3. Prebiotic activity of the different carbon sources  

Carbon source 
Lactic acid bacteria strain 
P. pentosaceus L. rhamnosus 

Apple peel 0.42±0.04a 0.43±0.08a 
Carrot bagasse 0.38±0.07b 0.40±0.11b 
Banana peel 0.28±0.03c No growth 
a, b, c Means in same column with same letter are not significantly different (P< 
0.05) 
 

Low pH tolerance and survival to simulated gastric acid conditions 
At the lowest pH employed (0.50), there was no detectable growth with any 
of the agro-industrial co-products flours tested. At pH 1.0, employing glucose 
or apple peel flour the growth during the first hour was scare (35%). After 
this period, acid tolerance along the prebiotic presence increased the acid 
resistance, increasing the bacteria survive to 67 and 73% for 2 and 4 h, 
respectively. Carrot bagasse incubation presented a nearly constant growth 
during the 4 h period (63-67% survive). No growth was detected when 
banana peel flour was employed in the acid incubation. At pH 2.0, the 
surviving percent was higher and more constant than at pH 2.0, with a 
survival rate of 68% for glucose and apple peel flour, 65% for carrot bagasse 
flour and 61% for banana peel flour. When the pH was 3.0, P. pentosaceus 
survival was higher when glucose or apple peel flour was employed (99 and 
97%, respectively). The growth at this acidic condition with carrot bagasse 
flour and banana peel flour were as well higher as compared to lower pH, 
with 91% and 89%, respectively. For the incubation at simulated gastric acid 
conditions, the use of glucose or apple peel flour resulted in significantly 
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(P<0.05) higher survival rate as compared to carrot bagasse flour or banana 
peel flour. In same manner, the growth of P. pentosaceus at the experimental 
conditions employed with the different carbon sources increased with 
incubation time, being significantly (P<0.05) higher after 90 min (Table 4). 
Boke et al. (2010) reported a possible relation between exopolysaccharides 
(EPS) production and resistance to bile salts and tolerance to low pH. Pérez-
Chabela et al. (2013) and Diaz-Vela et al. (2015) reported that same P. 
pentosaceus UAM22 strain produced exopolysaccharide when was 
inoculated in cooked meat batters. The resistance to low acid condition of the 
agroindustrial co-products flours firm up the prebiotic of these ingredients as 
non-digestible compounds that stimulate the growth of beneficial bacteria in 
the gastro-intestinal tract. 
 
Table 4. P. pentosaceus (log UFC/mL) under simulated gastric conditions with 
different carbon sources 

Carbon 
source 

Time (min) 
0 30 60 90 

Glucose 4.16±0.4A,c 4.10±0.3A,b 4.23±0.2A,b 4.76±0.3A,a 
Apple peel 3.94±0.5A,c 4.11±0.7A,b 4.06±0.5A,b 4.77±0.4A,a 
Carrot bagasse 3.88±0.3B,c 4.15±0.5B,b 3.91±0.83B,b 4.71±0.8B,a 
Banana peel 3.54±0.6C,c 3.74±0.9C,b 3.26±0.9C,b 4.16±0.5C,a 
A, B Means in same row with same letter are not significantly different (P< 0.05) for 
carbon source  
a, b Means followed by the same superscripts in a row are not significantly different 
(P< 0.05) for incubation time.  

 
CONCLUSION 
 
Agro-industrial co-products demonstrate to be sources of fiber and phenolic 
compounds, like natural antioxidants. Apple bagasse flour presented a similar 
performance as compared to glucose to promote the growth of lactic acid 
bacteria. Banana peel flour obtained poor results as prebiotic. In same 
manner, apple peel flour and carrot bagasse flour enhanced the low pH and 
gastric acid conditions of P. pentosaceus, demonstrating their prebiotic 
capacity. Fruit processing co-products can be considered an effective and 
cheap prebiotic source. 
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