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Abstract

The aim of this study was to analyse the chemical stability of inulin in model solutions imi-
tating a fermented milk and fruit beverage stored for 12 weeks. The two-percent (w/w) high poly-
merised inulin solutions were prepared and malic or lactic acid was applied to adjust pH to 3.0, 
3.5, 4.0, 4.5, 5.0, before or after pasteurisation, respectively. The analysis of reducing sugars in 
these solutions were carried out after 1, 7, 14, 28, 56, and 84 days of storage. Inulin undergoes 
significant hydrolysis at pH lower than 4 in the presence of malic acid, but it is chemically stable 
in the presence of lactic acid during a long-term storage, which means that it can be an active 
prebiotic compound in dairy fermented beverages and fruit beverages with pH higher than 4. 

Introduction

Inulin is a natural food ingredient found in over 36,000 plant species, 
among which are onion, leek, banana, chicory, garlic (NiNes 1999). Due to 
its chemical structure and the presence of beta 1,2-glycosidic bonds, it is 
undigested in the human gastrointestinal system and is classified as  
a soluble fraction of fibre (LightowLer et al. 2018). In 2015, in order to 
maintain a normal defecation, the European Food Safety Authority recom-
mended consumption of 12 g of inulin daily (EFSA 2015). Inulin also sup-
ports the development of health-promoting bacteria from Bifidobacterium 
species in the colon (MueLLer et al. 2016). Acting as a fibre and being  
a source of carbon for probiotic bacteria, it is applied in the production of 
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fermented milk beverages (Najafi et al. 2019, MuzaMMiL et al. 2017). Due 
to relatively good solubility in water (KiM et al. 2001), it can also be used 
for the production of functional prebiotic beverages (DaviM et al. 2015).

Inulin is stable at neutral and alkaline pH in water solution (gLibow-
sKi and buKowsKa 2011). However, in an acidic environment, inulin can 
be hydrolysed. The higher the acidity of the environment, the lower the 
chemical stability of this carbohydrate. gLibowsKi and buKowsKa (2011) 
showed that heating at pH 5 for one hour at 100°C did not cause hydrolysis 
of inulin; however, heating at the temperature of 80°C and higher for seve-
ral minutes at pH 4 caused the content of reducing sugars to increase 
significantly in the studied solution.

Typical pH of dairy products is usually not less than 4. Furthermore, in 
the production process, lactic acid is produced, depending on the product, at 
20–45°C (byLuND 1995). This raises the question of how stable from chemi-
cal point of view inulin is in such products during the long-term storage.  
A similar question can be posed when considering the production of pre-
biotic drinks based on fruit juices: how will thermal processing and long-
-term storage in an environment with a typical pH for fruit affect the inu-
lin?

For this reason, the aim of this study was to assess the chemical stabi-
lity of inulin in model solutions imitating a fermented milk and based on 
fruit juice beverage stored for 12 weeks.

Materials and Methods

Materials

High polymerised inulin (Frutafit® TEX!) was kindly delivered by 
Sensus Operations C.V. (Roosendaal, The Netherlands). Average degree of 
polymerisation of inulin was ≥ 23 (manufacturer’s data). Lactic acid was 
purchased from POCH Gliwice SA (Gliwice, Poland), while dinitrosalicylic 
acid, malic acid and other chemical reagents were purchased from Sigma-
-Aldrich (Schnelldorf, Germany). 

Preparation of Inulin Solutions

Two-percent (w/w) inulin solutions were prepared by mixing inulin 
with distilled water (20°C) in flasks using a MS 11HS magnetic stirrer 
(Wigo, Piastów, Poland). Half of the flasks was heated up to 80°C and then 
cooled down to 45°C in the running tap water. Subsequently, lactic acid 
was added in order to adjust pH of the inulin solutions to 3.0, 3.5, 4.0, 4.5, 
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5.0. In the other half of the flasks, the pH of inulin solutions was subsequ-
ently adjusted to 3.0, 3.5, 4.0, 4.5, 5.0 using malic acid and then the flasks 
were heated up to 80°C. Afterwards, the flasks cooled to ambient tempera-
ture in the running tap water. All inulin solutions were then poured into 
Eppendorf tubes. Inulin solutions acidified with lactic and malic acids 
were stored at 5 and 25°C, respectively, in a thermostatic cabinet (Pol-
-Eko-Aparatura, Wodzisław Śląski, Poland) for 1, 7, 14, 28, 56, and 84 
days.

Determination of Reducing Sugar

The dinitrosalicylic acid (DNS) method (MiLLer 1959) was used for 
the quantitative analysis of reducing sugar in inulin solutions. Samples 
were diluted with deionised water and subjected to reaction with DNS 
reagents. The intensity of developed colour was measured at 550 nm using 
a spectrophotometer (Spekol 11, Carl Zeiss Jena). Fructose (POCH, Gli-
wice, Poland) was used to establish a standard curve. For the analytical 
purpose, the reducing sugar amount was expressed as reducing sugar 
share in total sugar (inulin) content (gLibowsKi and wasKo 2008).

Statistical Analysis

The data were analysed by means of the Statistical Analysis System 
(SAS Enterprise Guide 3.0.3.414) using the ANOVA procedure for analy-
sis of variance and Student-Newman-Keuls t-test for ranking the means.

Results and Discussion

Inulin does not undergo significant hydrolysis at pH 4 and higher in 
the presence of malic acid during a long-term storage 25°C (Figure 1). At 
pH below 4, significantly greater differences in reducing sugars content 
were found in the stored solutions up to complete hydrolysis at pH 3 after 
12 weeks of storage. To meet the requirements of microbiological safety, 
the production technology of beverages based on fruit juices forces the 
addition of inulin prior to pasteurisation. For these reasons, thermal tre-
atment of juice with pH less than 4 would mean the impossibility of produ-
cing this type of prebiotic drink. The acidity of apple, orange or mandarin 
juice is in the pH range of 3.35–3.85, 3.30–4.08, 3.66–3.78, respectively 
(aguiLar et al. 2017, MichaLaK-MajewsKa et al. 2009). Other fruit juices 
are less acidic, e.g. grapefruit juice with pH 4.90–5.90 (aaDiL et al. 2013, 
waNg et al. 2018) as well as vegetable juices, e.g. tomato or carrot juice, 
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4.4 and 6.3, respectively, (ferrario et al. 2017, yaN et al. 2017) which 
potentially could be inulin carriers. In order to confirm our results, it 
would be necessary to analyse the stability of inulin in beverages obtained 
on the basis of above mentioned juices.

The stability of inulin in a lactic acid solution is completely different. 
Regardless of the pH value and the storage time, no significant differences 
in the concentration of reducing sugars in the analysed solutions were 
found. Significant differences between malic and lactic acid result from the 
moment of adding the inulin to tested solutions. The experiment has been 
constructed to imitate the technological processes of obtaining fermented 

Fig. 1. Reducing sugar share (±SD) [%] in 2% inulin solutions acidified with malic or lactic acid 
as an effect of storage at 25 or 5°C, respectively. a–j Means superscripted with different alphabets 

differ significantly (P ≤ 0.05)
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milk beverages such as yoghurt or kefir. The first stage in the production 
of fermented milk beverages is pasteurisation of milk, the pH of which is 
almost neutral. After milk pasteurisation and cooling, the addition of 
microbiological cultures takes place, which converts the lactose present in 
milk into lactic acid. The temperature at which lactic acid is formed does 
not exceed 45°C, as in the case of yoghurt, and sometimes it is slightly 
higher than 20°C, as in the case of kefir. The production of lactic acid by 
lactic acid bacteria usually lasts from 5 to 24 hours, respectively in the 
case of yoghurt and kefir. When pH of the product is between 4 and 5, 
cooling and storage at the refrigeration temperature takes place (byLuND 
1995). This study shows that the refrigeration temperature does not signi-
ficantly affect the hydrolysis of inulin in the analysed pH range, thus it 
means that there are no contraindications to the production of fermented 
milk beverages with the addition of inulin.

To date, many studies concerning fermented milk beverages with the 
addition of inulin have been carried out (DoNKor et al. 2007, gLibowsKi 
and KowaLsKa 2012, gLibowsKi and Zielińska 2015, ruDra et al. 2017). 
Results of these studies have shown that the presence of fructans guaran-
tees an appropriate level of probiotic cultures (eissa et al. 2018, gustaw 
et al. 2011) and also in the case of long-chain inulin, allows substitution of 
milk fat without deterioration of rheological and textural properties of 
final products (breNNaN et al. 2004, gLibowsKi and rybaK 2016). Until 
now, it was uncertain what happens with inulin in acidic milk beverage. 
Our research shows that inulin should not be hydrolysed due to the pre-
sence of lactic acid. A separate issue is how fructans will be used by bacte-
ria present in this type of products, especially by probiotic cultures. In  
a study concerning yoghurt with inulin, costa et al. (2016) supposed that 
a part of inulin was metabolised during fermentation. This supposition 
support results of zaLaN et al. (2010). However, to confirm this, it would 
be necessary to analyse the content of inulin in dairy fermented beverages 
stored for a long period. However, even if a partial hydrolysis of inulin 
takes place in such products, it has no effect on their textural and rheolo-
gical properties (gLibowsKi and rybaK 2016).

Conclusions

Inulin is chemically stable in the presence of lactic acid within pH 3.0–5.0 
during the long-term storage at refrigerator temperature. In case of malic 
acid, chemical stability of inulin during 12-week storage is unchanged 
when pH of the solution is higher than 4. Pasteurisation of inulin solution 
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acidified with malic acid to pH less than 4 followed by 84 days of storage 
at ambient temperature may cause its complete hydrolysis. A practical 
meaning of our results is that inulin can be applied as an active probiotic 
compound in dairy fermented beverages as well as fruit and vegetable 
beverages with pH higher than 4.
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