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Abstract

Inulin is a non-digestible linear polysaccharide. It cannot be digested in small intestine, but
can be fermented in the colon by lactic acid bacteria and stimulates the growth of healthy
bacteria. In this study, the effect of inulin addition on the survival of the probiotic strain
Lactobacillus casei was assessed within the production of the symbiotic jam. Lactobacillus casei
was inoculated to the produced squash jam in a density of 10 and 10’CFU/ml. Then inulin was
added at three different amounts (0.5, 1 and 1.5 percent). The jam inoculated with the probiotic
strain and without inulin was considered as the control. Eight treatments and a control (totally
9 treatments) were analyzed in triplicate. The mean values were compared by Duncan's
multiple range test at 95% confidence level. The samples were stored for four weeks at 4°C.
Then pH, reducing sugar, acidity in terms of lactic acid, Brix and microbial counts were
evaluated. The effect of the inulin percent, bacterial density and shelf life of the jam showed
significant differences on microbial count (p<0.01). The effect of inulin percentages showed
significant differences on the jam sugar (p<0.01). The sugar content of the synbiotic squash jam
had a significant increase with the increase of inulin (p<0.05). The highest amount of sugar
belonged to the treatment T2N4 (150 g jam + 1.5 x108CFU/ml Lactobacillus casei + 1.5% inulin)
was (p<0.01). With the increase of inulin percentage and shelf life, the highest growth and
survival of L. casei,equal to 8.968 Log CFU/ml, was observed in the treatment TIN3 (containing
150 g jam + 1.5 x10’CFU/ml Lactobacillus casei + 1% inulin) as the superior treatment. The results
showed that both squash and inulin are suitable substrates for the growth of Lactobacillus casei.
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1 Introduction

Probiotics reduce lactose, cholesterol and blood pressure. These bacteria are able to
stimulate the immune system and strengthen the body's immune response and help intestinal
absorption of minerals and vitamins. Probiotics cause anti-mutagenic and anti-carcinogenic
properties by inhibiting harmful intestinal bacteria. One of the main challenges in the field of
producing and processing probiotic foods are low viability of probiotic bacteria because of the
sensitivity to the difficult conditions of the food and also digestive tract. As reported by FAQO, a
standard probiotic product is such a product containing at least 10°-10’CFU/ml of the alive and
active microorganism at the moment of consumption. In this regard, it seems necessary to use
prebiotic ingredients which can stimulate the growth of probiotics in intestine and also help
better stability of the product during storage (Salminen et al., 2021). Among these compounds,
inulin can be noted. Inulin is composed of fructose polymers with a polymerization degree of 2
to 60 linked by fructosyl (3-(1-2) bonds. Inulin is found in nature as a storage carbohydrate in
plants and extracellular polysaccharides in some microorganisms. Inulin enters the colon
without any changes by the enzymes of the upper gastrointestinal tract in where it is fermented
by beta-fructosidase (inulinase) produced by the probiotics. As inulin is mixed with water or
any other aqueous fluid, fine crystals of inulin form three-dimensional gel matrices, therefore a
creamy structure with a texture of low capability of rubbing is created. Moreover, inulin can be
used as an organoleptic improver in the food industry (Petrova and Petrov, 2017).

Table 1. Chemical composition and physical properties of inulin

The constituents of inulin Amount
moisture less than 3.5%
dry matter 96%=+1
ash maximum 0.3%
carbohydrate minimum 99.7%
dietary fiber minimum 90%
sugars (glucose, fructose, sucrose) maximum 10%
color white
taste slightly sweet
pH 6
degree of polymerization 10
grading less than 500 microns
Stability heat resistant

2  Materials and Methods

2. 1. Material

"Lactobacillus casei 1608" was provided from the Iranian Research Organization for Science
and Technology in the form of lyophilized vials. The culture media including MRS Broth and
MRS Agar were prepared by Merck Company.
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For preparing jam, squashes were washed and peeled and coarsely grated. Sugar was
dissolved in water and then heated. Squashes were added and heated for 20 minutes to cook
(Isah, 2017). The amounts of 0.5, 1 and 1.5 g of inulin were weighed and dissolved in 100 ml of
distilled water for preparing different percentages of inulin. Then 1 ml of inulin was added to
10 g of the squash jam followed by pasteurizing at 80°C for 5 minutes (Ravani and Joshi, 2013).
In order to conduct physicochemical tests, 15 grams of inulin were added to 150 grams of jam.

2. 2. Methods

2. 2. 1. Pasteurization Before the bacteria inoculation

The mixture of the jam and inulin was pasteurized by heating at80°C for 5 minutes. The
samples were poured into the vials and closed, then were placed in the water bath set at the
desired time and temperature. To complete the pasteurization process, the samples were
immediately cooled with cold water (Liu et al., 2021).

2. 2. 2. Inoculation of samples with the bacteria

For microbial inoculation, Mc Farland method was used in order to determine microbial
count at the level of1.5 X105CFU/ml (Sousi et al., 2020). For preparing the bacterial density of 1.5
X 10°CFU/ml, 1 ml of the created opacity which is equivalent to 1.5 X 10°CFU of the bacteria
strain per ml (suspension 1) was transferred into a falcon containing 9 ml sterile distilled water
by a sterile pipet (suspension 2). After this step, the strains were ready to inoculate. The
inoculation with the densities ofl0’7and 10®8 CFU/ml were inoculated to the jam and then
incubatedat 30°C for 72 hours for fermentation (Maciel and de Souza, 2020).

2. 2. 3. Chemical tests

2.2.3. 1. pH determination
For measuring pH, a pH meter (model WTW) was used according to the National Standard
of Iran No. 214 (Frankeer et al., 2018).

2. 2. 3. 2. Determination of total acidity based on lactic acid
Total acidity was measured by titration and lactic acid acidity was calculated by eq. 1
according to the National Standard of Iran No. 214 (Lorusso et al., 2018).
eq. (1): A=(V=0/009008x100)/M
A= Total acidity based on lactic acid per 100 g of sample
M=sample weight in grams
V=consumed volume of NaOH 0.1 N
Note: 1 ml of NaOH 0.1 N is equivalent to 0.009008 g of lactic acid.

2. 2. 3. 3. Measurement of water-soluble solids (Brix at 20 °C)
Brix is soluble solids in grams per hundred grams of sample. A digital refractometer (RX-

7000 o) was used for Brix measurement according to the method presented in the National
Standard of Iran No. 214 (Bai et al., 2019).
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2. 2. 3. 4. Measurement of reducing sugars
The reducing sugar content was measured by Lane and Eynon titration method and
calculated by the equation (2) according to the National Standard of Iran No. 3684 (Shao and
Lin, 2018).
eq. (2): M=(Fx100x100)/(Vx25)
M= Amount of reducing sugars (sugar before hydrolysis) gr per 100 ml.
F = fehling factor
V = Consumed volume of the neutralized solution A.

3 Results and Discussions

The inulin effect on sugar content during fermentation was evaluated and table 2 shows the
results of the comparison of the mean values of inulin effect on sugar content (and analysis of
the data by Duncan's multiple range test). We have shown that the synbiotic squash jam sugar
content had a significant increase by increasing the percentage of inulin (p<0.05); howevere,
Licciardello and Muratore (2011) by examining the effect of temperature and some added
compounds on blood orange marmalade stability at 35°C and 20°C found that the sugar content
is decreased by increasing the temperature during storage (Licciardello and Muratore, 2011).
This finding disagreed with the results of the present study indicating that the amount of
reducing sugar increases during fermentation due to the breakdown of inulin molecules into
smaller ones.

Table 2. The effect of inulin on reducing sugar

gr/100gr (reducing sugar) Inulin %
74.38+2.46¢ 0
76.91+4.05¢ 0.5
80.04+3.25> 1
85.17+3.192 1.5

Similar letters in each column are not significantly different (p>0.05).
a, b, c and d indicate significant difference between groups.

Measurement of reducing sugars during the storage of synbiotic squash jam revealed that
the reducing sugar in the synbiotic squash jam significantly increased by increasing inulin
amount (p<0.05), while bacterial density and storage time did not show significant change
(p>0.05) (Figure 1).
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Figure 1. Reducing sugar mean values and the kinetics of reducing sugar during the storage of synbiotic squash

jam. a, b, c and d indicate significant difference between groups.

Table 3 shows the effects of inulin percentage and density of Lactobacillus casei on the jam
microbial counts during 4 weeks. The results show the amount of inulin and density of bacteria
both had significant differences between treatments (p<0.01). However, trilateral interaction
(amount of inulin, bacterial density and storage time) did not show significant effect on the jam
microbial counts (p>0.05).

Table 3. Reducing sugar mean values (gr / 100gr) in control and treatment groups.

4t week 3rd week 2nd week 1t week i7r120}c111;1:tfit§:1 0 (beginning) T
72.25+2.47A¢ 75.00+2.124b 74.00+5.654¢ 75.00+5.654b¢ 73.00+1.414d 72.75+1.064¢ T2N1
78.00+8.484bc 79.00+5.654a>  80.00+7.074abe 75.00+7.07Ab¢ 77.00+2.82Abcd 74.50+0.70Ade T2N2
75.75+0.354bc 74.50+0.708° 75.75+0.354bc 76.25+0.354b¢ 76.00+.0.004bcd 75.50+0.70ABcde C
77.00+4.244bc 76.25+6.0144b 78.50+4.94Abc 75.00+4.24Abc 76.75+1.764bcd 76.00+1.414cde  TIN2

81.75+2.47A%bc  82.75+3.184b  83.25+3.]8Aabe 81.00+1.41 Aabe 79.25+1.064abcd 79.75+0.354b¢ T2N3
78.25+5.30Ac  77.00£7.074 792544 59Aabe 78.25+0.35Ab¢ 81.00+5.654abc 79.00+1.414b«d  TIN3
82.50+1.41A>  85.50+£3.534  85.25+.0.354® 82.75+3.184ab 84.75+6.014a 82.50+3.534ab TIN4
87.75£1.06 A2 87.25+0.354a 88.65+.0.214a 88.75+(.354a 81.50+1.418ab 85.00+4.2448a T2N4
73.25+2.47 Abe 75.25+6.714b 74.75+3.18A¢ 73.00+4.24A¢ 73.50+0.70Acd 73.50+0.704¢ TIN1

Values with similar lowercase or uppercase letters in each column or rows indicate non-significant difference
between groups (p>0.05).

According to the results of comparison of mean values of inulin effect on microbial counts
and kinetics of microbial count during the storage period of the synbiotic squash jam (Figure 2),
it was found that by increasing the density of bacteria, microbial count of the synbiotic jam had
a significant increase (p<0.05). Microbial count of the synbiotic squash jam was increased by
increasing the storage time from the moment of zero to four weeks. The treatment groups were:
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Treatment TINT:
Treatment T1IN2:
Treatment T1IN3:
Treatment T1N4:
Treatment T2N1:
Treatment T2N2:
Treatment T2N3:
Treatment T2N4:

150 g jam + 1.5 x 10’CFU/ml Lactobacillus casei

150 g jam + 1.5 x 107 CFU/ml Lactobacillus casei+ 0.5% inulin
150 g jam + 1.5 x 10’CFU/ml Lactobacillus casei + 1% inulin
150 g jam + 1.5 x 10°CFU/ml Lactobacillus casei + 1.5% inulin
150 g jam + 1.5 x 108CFU/ml Lactobacillus casei

150 g jam + 1.5 x 108CFU/ml Lactobacillus casei + 0.5% inulin
150 g jam + 1.5 x 108CFU/ml Lactobacillus casei + 1% inulin
150 g jam + 1.5 x 108CFU/ml Lactobacillus casei + 1.5% inulin

Control treatment (C): without inulin and bacteria
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Figure 2. Linear graph of sugar kinetics during storage time.

It has been previously shown that addition of prebiotics compounds such as inulin can help
viability of microorganisms in inappropriate conditions and meanwhile improve the texture
and sensory properties (Granato et al., 2010).

In this study, according to the comparison of the mean values of inulin effect on microbial
count and analysis of the data by Duncan's multiple range test, it was found that by increasing
the percentage of inulin from 0 to 1%, microbial count of the synbiotic squash jam significantly
increased, though it significantly decreased in the jams containing 1.5% inulin (Table 4).

Table 4. Inulin effect on microbial counts.

Microbial count (log CFU/ml) Inulin %
8.482+0.620¢ 0
8.734+0.737 0.5
8.913+0.842a 1
8.622+0.715b¢ 1.5

Similar letters indicate not significant difference (p>0.05)

The data of the present study have shown a significant increase in microbial count of the
synbiotic squash jam by increasing the density of bacteria (p<0.05) (Figure 3).
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Figure 3. Linear graph of kinetics of microbial count during the storage period

Consistent with our findings, Granato et al. (2010) investigated symbiotic UF white cheese
production using the probiotic strain Lactobacillus acidophilus and inulin. By examining UF
White Feta Cheese as a probiotic carrier, it was found that although the bacteria numbers
decreased in all the samples by increasing storage time, this product could maintain acceptable
numbers of Lactobacillus acidophilus to the end of 45-day storage period (Granato et al., 2010). In
another study, Rad et al. (2013) examined physicochemical and microbial characteristics of milk
chocolate matrix as a carrier of novel Lactobacillus acidophilus. In this study, two types of
chocolate, control and probiotic, were produced. They reported that there was no significant
difference between the number of bacteria counted at temperatures 22°C and 4°C in probiotic
samples. Logarithm of the number of bacteria counted in the chocolate stored at 4°C was 66.8
CFU/ml, so it was known as a probiotic product (Rad et al., 2013), indicating the possibility of
producing synbiotic squash jam containing inulin and Lactobacillus casei.
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Figure 4. Comparison of the mean values of inulin effect on microbial count (analysis of the data by Duncan's
multiple range test). ¢, ab, a and bc indicate significant difference between groups (p>0.05).
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According to the results of the analysis of Pearson correlation between sugar and microbial
count of symbiotic squash jam there was a significant positive correlation at 95% confidence
level with maximum determination coefficient (R?) of 0.06 (Table 5).

Table 5. Pearson correlation between reducing sugars and microbial count of
synbiotic squash jam

Microbial count

(CFU/ml) Reducing sugar Studied characteristics
0.257* 1 sugar
1 0.257* Microbial count

*: significant correlation at the 0.05 level

The results of linear regression indicated that microbial count is significantly increased by
increasing the amount of sugar (Figure5). The linear regression equation:
Relation (1): microbial count=5.894 + 0.0354 x sugar amount

12
E 10
—
>
L.
v 38
ao y =0.0354x+ 5.894
‘E’ R?=0.0661
c 6
3
2
(%]
T 4
2
o
S
2 2

0 T T T T 1

0 20 40 60 80 100
(%) reducing sugar

Figure 5. The correlation between reducing sugar and microbial count of synbiotic squash jam.

4 Conclusion

The sugar amount increased by rising of bacterial density indicating that the breakdown of
inulin molecule into smaller ones by the probiotic strain Lactobacillus casei. During fermentation,
the viability of probiotic bacteria Lactobacillus casei increased by sugar and jam nutrients
consumption. By increasing the density of bacteria, microbial count of the synbiotic jam showed
a significant increase. Reducing sugar levels increased by increasing inulin percentage and the

highest microbial count belonged to the treatment TIN3 (150 g jam + 1.5 x 107CFU/ml L. casei +
1% inulin).

Vol. 5 (1): 28-37, 2022 Journal of Biological Studies 35



The influence of inulin on the survival of Lactobacillus casei KazemPour Sammak

Acknowledgments

I would like to appreciate Global Research, Education, and Event Network (GREEN)
for their help and support.

Conflict of interests

The author declares that there are no competing interests.

References

Bai, Y., Xiong, Y., Huang, ]J., Zhou, ]J., & Zhang, B. (2019). Accurate prediction of soluble solid
content of apples from multiple geographical regions by combining deep learning with

spectral fingerprint features. Postharvest Biology and Technology, 156, 110943. doi:
10.1016/j.postharvbio.2019.110943

Frankeer, C. G., Hussain, K. J., Dorge, T. C., & Serensen, T. J. (2018). Optical chemical sensor
using intensity ratiometric fluorescence signals for fast and reliable pH determination. ACS
Sensors, 4(1), 26-31 doi: 10.1021/acssensors.8b01485

Granato, D., Branco, G. F., Nazzaro, F., Cruz, A. G., & Faria, J. A. (2010). Functional foods and
nondairy probiotic food development: trends, concepts, and products. Comprehensive
Reviews in Food Science and Food Safety, 9(3), 292-302. doi: org/10.1111/j.1541-4337.2010.
00110.x

Isah, A. P. (2017). Physicochemical, sensory and microbiological properties of syrup and jam
prepared from locust bean fruit pulp in storage. Asian Journal of Biotechnology and
Bioresource Technology, 1-8. doi: 10.9734/AJB2T/2017/35639

Licciardello, F., & Muratore, G. (2011). Effect of temperature and some added compounds on
the stability of blood orange marmalade. Journal of Food Science, 76(7), C1094-C1100. doi:
10.1111/j.1750-3841.2011.02335.x

Liu, S., Wei, X,, Tang, J., Qin, W., & Wu, Q. (2021). Recent developments in low-moisture foods:
microbial validation studies of thermal pasteurization processes. Critical Reviews in Food
Science and Nutrition, 1-16. doi: 10.1080/10408398.2021.2016601

Lorusso, A., Coda, R., Montemurro, M., & Rizzello, C. G. (2018). Use of selected lactic acid
bacteria and quinoa flour for manufacturing novel yogurt-like beverages. Foods, 7(4), 51.
doi: 10.3390/foods7040051

Maciel, M. L. S., & de Souza, M. M. B. (2020). Prebiotics and Probiotics-Potential Benefits in
Human Nutrition and Health. In Prebiotics and Probiotics-Potential Benefits in Nutrition and
Health. Intech Open. doi: 10.5772/intechopen.89155

Petrova, P., & Petrov, K. (2017). Prebiotic—probiotic relationship: The genetic fundamentals of
Vol. 5 (1): 28-37, 2022 Journal of Biological Studies 36




The influence of inulin on the survival of Lactobacillus casei KazemPour Sammak

polysaccharides conversion by Bifidobacterium and Lactobacillus genera. In Food
Bioconversion (pp. 237-278). Academic Press. doi: 10.1016/B978-0-12-811413-1.00007-3

Rad, A. H., Azizi, A., Darghahi, R., Bakhtiari, O., Javadi, M., Moghaddam, M. J., Rad, H. H.,
Mirtajeddini, S. B., Mobaraki Asl, N., Tayebali, M., & Pirouzian, H. R. (2018). Development
of synbiotic milk chocolate enriched with Lactobacillus paracasei, D-tagatose and
galactooligo saccharide. Applied Food Biotechnology, 5(2), 59-68. doi: 10.22037/atb.v5i2.19955

Ravani, A., & Joshi, D. C. (2013). Mango and it’s by product utilization-a review. Trends in Post
Harvest Technology, 1(1), 55-67. http://www jakraya.com/journal/pdf/1-tphtArticle_4.pdf

Salminen, S., Collado, M. C., Endo, A., Hill, C., Lebeer, S., Quigley, E., Sanders, M. E., Shamir,
R., Swann, ]J. R., Szajewska, H., & Vinderola, G. (2021). The International Scientific
Association of Probiotics and Prebiotics (ISAPP) consensus statement on the definition and
scope of postbiotics. Nature Reviews Gastroenterology & Hepatology, 18(9), 649-667. doi:
10.1038/s41575-021-00440-6

Shao, Y., & Lin, A. H. M. (2018). Improvement in the quantification of reducing sugars by
miniaturizing the Somogyi-Nelson assay using a microtiter plate. Food Chemistry, 240, 898-
903. doi: 10.1016/j.foodchem.2017.07.083

Sousi, M., Salinas-Rodriguez, S. G., Liu, G., Schippers, ]J. C., Kennedy, M. D., & van der Meer,
W. (2020). Measuring bacterial growth potential of ultra-low nutrient drinking water

produced by reverse osmosis: effect of sample pre-treatment and bacterial
inoculum. Frontiers in Microbiology, 11, 791. doi: 10.3389/fmicb.2020.00791

Vol. 5 (1): 28-37, 2022 Journal of Biological Studies 37



