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1. Introduction 

Food production is influenced by many factors. A secure food chain is important for both intermediate 
and end consumers. A high degree of transparency in food processing and consistent product quality are a 
fundamental requirement for all consumers. 

The use of plant-based raw materials presents a particular challenge in this respect. When plants are 
actively growing, environmental factors such as solar radiation, rain or cold can lead to variations in 
concentration of the desired constituents.  

The amount of an active ingredient produced in the plant is decisive in determining its value after 
harvesting. The active ingredient also has to remain more or less constant during subsequent processing. 
This can be ensured if the quantity of value-defining constituents remains stable during processing and 
storage.  

The following investigation aims to provide information about the processing and storage stability of 
plant-based constituents using flavonoids in hops and green tea extract by way of example (Dr. Eckel 
GmbH, Niederzissen, Germany).   

2. Flavonoids 

Flavonoids are plant pigments (phenylpropane derivatives) found in all higher plants. Numerous foods 
and drinks such as fruit, vegetables, tea, cocoa and wine contain significant levels of flavonoids (Römpp, 
2013). But their function is not just to provide the red pigment in fruit and vegetables, e.g. cherries, 
raspberries, aubergines and red cabbage (anthocyanidins) or the yellow colouration in flowers (lat. flavus 
gelb). Quercetin/kämpferol also protect plants from UV radiation (Rozema et al. 2002; Yaginuma et al. 
2002) and isoflavonoids protect against pest damage and microorganisms (Tsukaho et al. 1985). Plants 
are usually exposed to these influences from the outside, which explains why flavonoids most often occur 
in the outer layers.  

Flavonoids along with other phenolic compounds are collectively referred to as ‘polyphenols’.  
Flavonoids are one of the largest subgroups and are the most important type of phenol found in the human 
diet. Flavonoids are grouped according to the oxidative status of the skeleton (Fig. 1) (Papagiannopoulus, 
2007).  

Flavonoids have antioxidative properties, which makes them an effective nutritional component. Crozier 
et al. (2009) associate high flavonoid consumption with increased protection against various widespread 
diseases such as diabetes and heart disease.  

Gessner et al. (2013) investigated the anti-inflammatory properties of polyphenols in in vitro and in vivo 
studies. They obtained significant positive findings relating to inflammation suppression in vivo in piglets. 
These findings were also accompanied by improved performance. Furthermore, significant histological 
changes in the intestinal tissue which have positive effects on intestinal health were recorded in some 
cases (Fiesel et al, 2013). The use of hops and green tea extract therefore offers an excellent source of 
flavonoids for animal nutrition.  

However, little is known about the processing and storage stability of products sourced from plants.  
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Figure 1: Classification of chemical substances collectively referred to as polyphenols 

3. Material & Methods 

We investigated the effect of storage duration and packing type on the stability of flavonoids in hops and 
green tea extract.  

We analysed the flavonoid concentration using the Folin-Ciocalteu method. All phenolic substances were 
determined (total flavonoid content as catechin in %). 

Another key aspect was to identify the factors which can have a negative effect on the stability of 
flavonoids. Suitable samples were prepared for this purpose and stored in different ways. Since the 
packaging (packaging quality and material) can have a decisive influence, we compared sealed and open 
bags placed at temperatures ranging from cool to room temperature. The various samples were analysed 
at approximately 3-monthly intervals. To exclude the effect of light, samples in transparent containers 
were also stored in daylight and in the dark. 

 
4. Results 

A study by Schwarz et al. (2009) previously showed that flavonoid concentrations can increase during 
post-harvesting processes (storage and further drying). One of the most important functions of flavonoid 
is to protect plants from the harmful effects of UV-B radiation. According to Schwarz et al., increased 
exposure to solar radiation can lead to an increase in the flavonoid concentration, especially in leaves. 
Increased flavonoid concentrations in plants can also be obtained during storage. It is likely that this is 
because storage and drying cause stress in the plant tissue. Schwarz et al. assume that the availability can 
be modulated by a change in the molecular structure or due to matrix effects. Heigl (2003) studied the 
stability of flavonoids and found no significant changes during a 24-month storage period.  
Concentrations in isolated samples were found to have risen slightly compared with the initial level. 

In the trials the flavonoid content rose by approximately 2 percentage points compared with the initial 
value during storage. The analysed values are significantly higher than those guaranteed in the product 
specification and thus provide a very high level of reliability. With regard to the packaging type, analysis 
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showed slightly lower values for the open and sealed cross-bottom bags than the PET containers. Figure 2 
shows the flavonoid contents of hops after 3, 6, 9 and 13 months' storage. 
 

 
Figure 2: Flavonoid content of hops as a function of storage location and time. 

The analysis showed that after three months' storage the hops had a flavonoid content of 9.30%, which 
represents an increase compared with the initial value of 6.60%. After six months' storage values for all 
storage types ranged from 6.60% to 7.10%. After nine months values between 7.10% and 9.10% were 
obtained and after 13 months between 6.10% and 7.80%. 

The samples in the PET container consistently showed slightly higher flavonoid concentrations than the 
samples in the cross-bottom bag after 6, 9 and 13 months. 

The flavonoids in the green tea extract (Fig. 3) showed a slight decrease during the 13-month observation 
period. With values ranging from 38.00% to 39.80%, the flavonoid content remained relatively constant 
after 3 and 6 months compared with the initial value of 39.60%. After nine months values ranging from 
34.90 to 37.30% were obtained and after 13 months, 33.70 to 37.60%.  
 

 

Figure 3: Flavonoid content of green tea extract as a function of storage location and time. 
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Flavonoid concentrations exceeded the guaranteed values for hops and green tea extract in all cases. 

5. Conclusion 

The test series concerning the storage stability of flavonoids in hops and green tea shows that storage for 
up to thirteen months has no effect on concentrations. From these studies we can deduce that the plant 
constituents and sources with a high flavonoid content that were investigated can be successfully 
processed without quality impairment or risk of uncertainties. Further studies are needed for components 
derived from other sources. 
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