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1. Introduction 

Water vapor sorption behavior and moisture content 

of food products is essential to their stability and 

quality. Dried products, in particular, are susceptible to 

absorbing moisture from the surrounding area. A 

special group of dried products are tea preparations.  

In its original meaning, the term "tea" refers to 

preparations that are obtained from leaves, flower 

buds, or stems from the tea bush Camellia sinensis (L.) 

O. Kuntze from the tea plant family [1]. Herbal and fruit 

teas are tea-similar preparations obtained from other 

sources, e.g., peppermint, chamomile, hibiscus, or 

rosehip tea [1].  

In addition to plant-based ingredients, fruit teas often 

contain other components, such as flavorings, fruit 

juice granules, and sweeteners. Together with natural 

fruit components - sugars, celluloses, hemicelluloses, 

pectin and essential oils - these additives contribute to 

moisture adsorption, making enriched teas more 

susceptible to moisture-induced product changes [2].  

Such adverse effects include [2,3]: 

• Mold growth  

• Loss of aroma compounds 

• Aggregate formation/lumping 

• Loss of solubility in instant preparations 

• Sensory loss: Degradation and change of etheric 

oil components 

• Loss of active ingredients. 

 
In conclusion, care should be taken when handling, 

transporting, or storing such products to ensure that 

suitable temperature/humidity conditions are 

maintained, or water vapor-proof packaging materials 

should be used [2]. 

2. Scope 

This application note illustrates the use of dynamic 

vapor sorption analysis to measure the sorption and 

desorption behavior of herbal and fruit tea products. 

The results provide insights into the underlying 

sorption mechanisms and help estimate the product's 

shelf-life. 

 

3. Experiment set-up 

3.1 DVS instrument and measurement conditions 

For analysis, an SPSx-1µ HighLoad was used. This fully 

automated gravimetric analyzer measures the sorption 

behavior within a broad temperature and humidity 

range. The large dynamic weighing range and high-

resolution balance combines the requirements for high 

accuracy and great flexibility in terms of sample 

quantity. The multi-sample capability enables the 

analysis of up to 23 samples in a single run. 

The instrument specifications, the measurement set-

up and climate profile are summarized in Tab. 1 and 

Tab. 2.  

 
Tab. 1: SPSx-1µ High Load – Specification 

Sample mass: 22 g / 220 g max. 

Accuracy: 1 µg / 10 µg 

Reproducibility: ± 5 µg / ± 20 µg RMS 

Temperature: 5 - 60 °C, ±0.1 K 

Relative humidity: 0 – 98 % RH, ±0.6 % 

 
Tab. 2: Measurement set-up & Climate profile 

Weighing interval: 10 min 

Equilibrium conditions: 0.0010 % / 40 min 

Temperature: 25 °C 

Relative humidity: 0 - 90 % in 10 % steps 
Sorption / Desorption 
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3.2 Samples 

Several herbal and fruit tea blends were analyzed. 

These included two cherry-flavored fruit teas, a tea 

suited for cold brewing, and an herbal tea made from 

peppermint leaves. Water vapor sorption was 

measured for both the loose tea and the filter bag 

material. 

As a result of these experiments, the sorption behavior 

over time and the sorption isotherms were obtained 

3.3 Mathematical description of the sorption 

isotherms 

To evaluate sorption data in a standardized way, 

several models are available to describe moisture 

sorption isotherms mathematically. The model 

parameters can provide information about the 

monolayer moisture content, the specific surface area 

and the binding strength of the adsorbed moisture 

molecules. Such data can be used to estimate the 

(bio-)chemical stability and the overall shelf life of a 

product.  

The models used for isotherm fitting are summarized 

in  

Tab. 3. Fitting was done by minimizing the Sum of 

Squared Errors SSE [Eq. 1]. The quality of the fit was 

assessed using the regression coefficient (R²), the Root 

Mean Square Error RMSE [Eq. 2], and the mean relative 

percentage deviation modulus E % [Eq. 3] metrics.  

 
𝑆𝑆𝐸    = ∑ (𝑥𝑝𝑟𝑒𝑑. − 𝑥𝑒𝑥.)
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Tab. 3: Models to describe the sorption behavior of tea 

BET 𝑚 = 𝑚0 ∙
𝐶 ∙ 𝑎𝑤

(1 − 𝑎𝑤) ∙ (1 + (𝐶 − 1) ∙ 𝑎𝑤
 

Oswin 𝑚 = 𝐶 ∙ (
𝑎𝑤

1 − 𝑎𝑤
)𝑛 

Henderson 𝑚 = 𝐶 ∙ (−
ln(1 − 𝑎𝑤)

𝐶
)

1
𝑛 

Smith 𝑚 = 𝐴 + 𝐵 ∙ ln(1 − 𝑎𝑤) 

GAB 

𝑚

=
𝑚0 ∙ 𝐶 ∙ 𝑘 ∙ 𝑎𝑤

(1 − 𝑘 ∙ 𝑎𝑤) ∙ (1 − 𝑘 ∙ 𝑎𝑤 + 𝐶 ∙ 𝑘 ∙ 𝑎𝑤
 

Iglesias&Chirife 𝑚 = 𝐴 + 𝐵 ∙ (
𝑎𝑤

1 − 𝑎𝑤
) 

Peleg 𝑚 = 𝐴 ∙ 𝑎𝑤
𝐶 + 𝐵 ∙ 𝑎𝑤

𝐷  

 
m: Equilibrium moisture content 

aw: Water activity 

m0: Monolayer moisture content 

C, n, A, B, k: Model constants 

mailto:info@proumid.com
http://www.proumid.com/


 

ProUmid GmbH & Co. KG | August-Nagel-Straße 23 | 89079 Ulm, Germany 

 3 +49 (0)7305 2030 440 | info@proumid.com | www.proumid.com  Follow us on

4. Results 

In this section, the results of the sorption study are 

summarized.  

4.1 Sorption behavior of the tea samples 

Fig. 1 shows the sorption isotherms of the analyzed tea 

preparations. As sample material, the tea within the 

filter bag was used.  

 

Fig. 1: Sorption isotherms of different tea compositions 

 
The evaluation of isotherms showed that Fruit Tea-

Type A and the cold-brew variant had the highest water 

vapor sorption, with percentage weight increases of 

43% and 41%, respectively. For the herbal tea 

preparation, with 25 %, the lowest moisture uptake 

was measured. 

As shown by the DVS results, the sorption behavior of 

the herbal tea and the fruit tea preparation differs from 

each other. The herbal tea mainly consists of chopped, 

dried leaves with celluloses and lignin as main 

structural cell wall components [4]. The shape of the 

isotherm can be described as a type-II isotherm which 

is characteristic of such materials [2,5]. The moisture 

sorption of the peppermint leaves at lower relative 

humidity levels can be described by a first monolayer 

formation [2,6]. The moisture content at complete 

monolayer coverage was calculated using the BET 

equation ( 

Tab. 3). This calculation resulted in a moisture content 

of 3.56 %, which corresponds to an aw-value of 0.18. 

With further increase of the RH an almost linear weight 

increase can be observed which can be explained by a 

beginning multilayer formation. For aw-values 

increasing 0.6, more pronounced water vapor sorption 

was detected which is attributed to pore filling and 

capillary condensation [2]. 

A comparison of the sorption and desorption paths 

reveals a certain degree of hysteresis that can be 

explained by two effects: On the one hand, the removal 

of water from the vacuoles and intercellular systems 

during the drying process leads to the formation of 

cavities and a porous structure. At elevated relative 

humidities, these pores are filled with water, and due 

to capillary condensation, moisture desorption is 

delayed. Conversely, the interaction between moisture 

and cell wall components results in swelling processes. 

Subsequently, adsorbed moisture may become 

trapped in the matrix. [2,3].  

Calculating the specific surface area of the herbal tea 

sample, based on the BET fit, reveals a surface area of 

125 m2/g. This relatively high value indicates that the 

moisture has access to a highly developed internal 

structure which becomes accessible as water 

molecules penetrate the cell wall matrix and expose 

internal hydrophilic binding sites [7]. In addition to 

that, the accessible surface area is further increased by 

the fine cutting of the tea leaves. 

 

𝑆𝐵𝐸𝑇 =  
𝑋𝑚∙𝑁𝐴∙𝐴𝐻2𝑂

𝑀𝐻2𝑂
    [Eq. 4] 

Xm: Monolayer capacity / 0.0356 g/ g 
NA: Avogadro constant / 6.022*1023 Molecules/mol 
AH2O: Area of adsorbed water molecule / 1.05*10-19m2 
MH2O: Molar weight of water / 18.015 g/mol 

 

In comparison, the fruit tea samples showed a different 

sorption behavior. According to the IUPAC 

classification [6], the sorption isotherm of Fruit tea-

Type A and the cold brew variant can be classified as 

type-III isotherms [6]. Here, in contrast to the herbal 

tea, the fruit components play an important role in 

moisture sorption due to their high sugar content and 

amorphous structures [8]. Fruit Tea-Type A is primarily 

composed of hibiscus, apple, and rose hip. The cherry 

flavor is introduced via cherry aroma and the addition 

of cherry granules. Technologically, the aroma is 

incorporated into a matrix of maltodextrin, while the 

cherry granules are produced by drying and granulating 
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fruit puree. The high content of sugars in the fruit 

matrix contributes to elevated moisture sorption [8]. 

Additionally, when measured isolated, the 

maltodextrin/aroma particles solubilize at higher 

relative humidities (Fig. 2). As is typical for sugar-rich 

preparations, the moisture-solid interaction in the 

lower range of relative humidity is rather low — 2.8 % 

up to 40 % RH — due to the low accessibility of the 

sugar's binding sites. Only upon exceeding the critical 

relative humidity (~50 %), deliquescence takes place, 

leading to strong moisture adsorption of up to ~44 % at 

90 % relative humidity [9,10]. 

 
Fig. 2: Dissolution of maltodextrin/aroma particles when 

exposed to high RH 

Regarding shelf life and product quality, this implies 

that storage above the critical RH can cause microbial 

spoilage, loss of aroma, as well as caking and lump 

formation [2]. This, in turn, deteriorates the infusion 

behavior of the tea, ultimately compromising the 

sensory profile and consumer acceptance. 

In comparison with Fruit tea-Type A, the moisture 

sorption isotherm of the "cold-brew" variant is 

consistently slightly lower over the entire RH range. 

As the composition of both teas is nearly identical, 

these differences could be attributed to the thermal 

treatment applied during the production process, 

which is necessary to ensure product safety despite 

cold infusion. This thermal load may lead to structural 

changes within the matrix and heat-induced 

degradation of hydroxyl and carbonyl groups changing 

the sorption behavior of the material [10,11]. 

The sorption isotherm of Fruit tea-Type B also follows 

a type 3 behavior [6]. Compared to the other fruit tea 

preparations the critical increase of moisture only 

starts with increasing 60 % RH raising up to a moisture 

content of 32 % at 90 % RH, which means a significantly 

lower moisture uptake. With a look at the composition, 

"Type B" contains cherry juice granules instead of 

cherry granules. Technologically, juice granules are 

produced by spray drying. This leads to the formation 

of highly hygroscopic amorphous products which 

makes the use of maltodextrin, as stabilizing agent, 

necessary [3]. This stabilizing effect can be seen on the 

sorption data (Fig. 1). Although Fruit tea-Type B 

contains a higher content of amorphous sugars, the 

maltodextrin limits moisture related destabilization. 

Fig. 3 visualize the product changes after increasing the 

relative humidity of the surrounding to 90 %. Type A 

and the "cold brew" variant develop a glossy surface in 

high-humidity conditions, indicating moisture 

accumulation. Type B also demonstrates greater 

resistance to moisture upon visual inspection, as 

virtually no changes are visible.  

4.2 Sorption Isotherm Modeling 

Based on mathematical modeling, in general, the Peleg 

model is regarded as the "most suitable" for describing 

the sorption behavior of the tea samples over the 

entire RH range [12]. The suitability of the Peleg model 

was previously stated by [12], to describe the sorption 

behavior of Turkish black tea and by [13] for instant 

green tea powder and green tea granules. 

Although the Peleg model is well suited to describe the 

overall sorption behavior (Fig. 4A), as an empirical 

model, it does not reveal information about the physics 

of the moisture sorption process. 

The GAB model was used to gain deeper insights into 

the underlying sorption mechanism (Fig. 4B). As a 

physically-based model, the model parameters C and k 

allow for conclusions about the sorption mechanisms. 

Parameter C provides information about the binding 

strength between the moisture molecules and the 

material surface in the first sorption layer.  

In general, C > 2 indicates strong interaction whereas 

C < 2 assumes less affinity for moisture adsorption.  

The Guggenheim correction factor k relates the 

interaction energies of multilayer molecules to those of 

water molecules in a free liquid. Thus, for k = 1, the 

liquid molecules behave like free bulk water. A value of 

k < 1 means that the water in the multilayers is  
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thermodynamically less active and more confined 

within the matrix network than pure liquid water. 

As summarized in Tab. 4, for the herbal tea, C is 16.98 

which indicates strong binding forces and thus explains 

the moisture uptake in the lower RH range according 

to the type-2 isotherm.  

In contrast, with C values of 0.7, 0.26 and 0.12 for Fruit 

tea - type B, type A and cold brew, respectively, the 

binding strength is significantly lower. This is in line 

with the type-III sorption profile and correlates with a 

type-III sorption profile and with the sample 

ingredients discussed in section 4.1. With a look at the 

herbal tea, with k = 0.95, the moisture in the 

multilayers is only loosely bound. For the fruit tea 

samples, in contrast, k is in-between 0.91 (Fruit tea - 

type A) and 0.84 (cold brew). That means, although the 

 
Fig. 3: Fruit tea samples after drying and after the 90% RH step.
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Tab. 4: Model parameters of the BET, GAB and Peleg model fitted to the sorption data of the tea preparations 

BET  Sorption  Desorption     

Sample aw range m0 C SSE R2 E% RMSE  m0 C SSE R2 E% RMSE 

Herbal tea / Peppermint 0.1-0.5 3.558 19.10 0.276 0.972 4.515 0.545  4.19 16.12 0.083 0.994 2.241 0.131 

Fruit tea / Cherry flavor / Typ A 0.1-0.5 2.886 3.897 0.306 0.962 8.381 1.806  3.331 3.841 0.078 0.993 3.909 0.110 

Fruit tea / Cherry flavor / Typ B 0.1-0.5 68.09 0.039 0.198 0.988 11.71 0.846  14.21 0.257 0.060 0.998 7.105 0.126 

Fruit tea / Cold brew 0.1-0.5 80.06 0.028 0.260 0.985 18.17 0.799  10.20 0.337 0.087 0.995 8.505 0.132 

 
GAB  Sorption       Desorption  

Sample aw range m0 C k SSE R2 E% RMSE  m0 C k SSE R2 E% RMSE 

Herbal tea / Peppermint 0.1-0.9 3.704 16.98 0.952 1.434 0.997 4.620 1.067  4.675 12.43 0.912 0.604 0.999 1.691 0.259 

Fruit tea / Cherry flavor / Type A 0.1-0.9 17.13 0.261 0.890 0.942 1.000 15.50 0.964  19.48 0.277 0.867 0.499 1.000 6.319 0.235 

Fruit tea / Cherry flavor / Type B 0.1-0.9 7.153 0.733 0.919 0.420 0.999 12.13 0.799  5.409 1.403 0.945 0.682 0.999 8.922 0.275 

Fruit tea / Cold brew 0.1-0.9 36.79 0.120 0.842 2.831 0.999 31.98 1.766  36.16 0.142 0.828 1.221 0.999 8.152 0.368 

 
Peleg   Sorption   Desorption 

Sample aw range A B C (<1) D (>1) SSE R2 E% RMSE   A B C (<1) D (>1) SSE R2 E% RMSE 

Herbal tea / Peppermint 0.1-0.9 8.642 34.53 0.513 6.524 0.283 0.999 2.550 0.177 
 

4.675 12.43 0.912 15.63 0.604 0.999 1.691 0.259 

Fruit tea / Cherry flavor / Typ A 0.1-0.9 32.68 62.90 2.631 11.27 0.588 1.000 16.11 0.256 
 

19.73 0.275 0.866 15.63 0.500 1.000 6.385 0.236 

Fruit tea / Cherry flavor / Typ B 0.1-0.9 8.217 46.78 0.966 6.085 0.881 0.999 7.599 0.313 
 

5.409 1.403 0.945 15.63 0.682 0.999 8.922 0.275 

Fruit tea / Cold brew 0.1-0.9 40.56 50.42 3.124 13.46 0.210 1.000 17.35 0.153 
 

34.57 0.149 0.830 15.63 1.229 0.999 8.249 0.369 

 
Tab. 5: Model parameters of the GAB model fitted to the sorption data of the filter bag samples 

GAB  Sorption         

Sample aw range m0 C k SSE R2 E% RMSE         

Herbal tea / Peppermint 0.1-0.9 0.611 4.519 0.766 0.049 0.983 10.10 0.073         

Fruit tea / Cherry flavor / Type A 0.1-0.9 3.797 8.655 0.830 0.063 1.000 1.811 0.083         

Fruit tea / Cherry flavor / Type B 0.1-0.9 3.844 8.328 0.814 0.123 0.999 1.899 0.117         

Fruit tea / Cold brew 0.1-0.9 3.965 12.96 0.846 0.120 0.999 1.824 0.116         
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overall moisture content is higher, the water is 

stronger bound, which is attributed to both the 

interaction and immobilization within the dissolved 

sugar solution and the structural entrapment inside the 

swelling biopolymers (such as pectin, hemicellulose 

and cellulose) of the fruit components [7]. 

 

 
Fig. 4: Comparison of the Peleg model [A] and the GAB model [B] to fit the sorption data of the tea samples 

(----dashed lines: Peleg and GAB-fit) 

 
4.3 Sorption behavior of the filter bags 

Fig. 5 shows the moisture sorption behavior of the filter 

bag samples. While the sorption isotherms of the filter 

bags used for Fruit tea - Type A and B are quite similar, 

differences were found for the herbal tea filter and the 

filter bag of the cold brew variant.  

This deviating behavior can be explained by the 

material composition of the filter material. Filter bags 

of Fruit tea / Type A and B are composed of wood and 

plant fibers such as abacá. In addition, a certain 

amount of a wet-strength agent - synthetic resins like 

polyamide-epichlorohydrin - are contained to ensure 

hot water stability during tea preparation. 

Due to the hydrophilic character of plant-based fibers 

the sorption capacity of ~14% is in line with the 

expected natural behavior of these materials.  

The cold brew filter bag has a higher moisture sorption 

capacity across the entire RH range. To adapt for its 

cold-brew applicability, the characteristic of the tea 

filter is specifically modified to increase permeability, 

thus improving tea extraction in cold-water treatment. 

Consequently, the porosity of the filter bag is 

increased, and its composition with regard to the 

amount and type of wet-strength agent is modified.  

The moisture sorption behavior of the herbal tea filter 

showed a completely different behavior. The material 

consists of a bioplastic, based on polylactic acid (PLA). 

As the sorption isotherm shows (Fig. 5), the affinity for 

moisture adsorption is strongly reduced and thus the 

maximum moisture uptake at 90 % RH is limited to 

~ 2 %.  

 
Fig. 5: Sorption isotherms of filter bags with different 

material compositions (---- dashed lines: GAB-fit) 

mailto:info@proumid.com
http://www.proumid.com/


 

ProUmid GmbH & Co. KG | August-Nagel-Straße 23 | 89079 Ulm, Germany 

 8 +49 (0)7305 2030 440 | info@proumid.com | www.proumid.com Follow us on

Evaluating the sorption data of the filter bags by GAB, 

the model parameters confirm these observation 

(Tab. 5). The filter bags of fruit tea type A and B have 

similar values of C and k, thus confirming the similar 

interaction of the material with moisture. The cold-

brew filter bag has a higher value of C, attributed to the 

adapted filter structure and thus the higher interaction 

with moisture. Also, the significant lower C and k values 

of the herbal tea filter bag are in line with the tendency 

of the PLA to be more hydrophobic. 

5. Summary 

The sorption behavior of herbal and fruit tea samples 

was analyzed. The results demonstrated clear 

differences in the product-moisture interaction, 

attributed to both the characteristics of the sample 

ingredients and the technology involved in the 

production process.  

Based on the results, indicators of critical storage 

conditions and moisture content levels that cause a 

decline in product quality were identified.  

Depending on the material — plant fiber or 

bioplastic — and the intended use of the product 

— hot or cold brew — the filter bags exhibited different 

sorption behaviors. These differences affect the 

moisture barrier and demonstrate the influence of 

technology-based modifications 

Thus, DVS measurements can provide valuable insights 

into moisture-related changes in product quality and 

can be used to determine the impact of product 

variations on product stability.  
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  m = C ∙   ( −   ln ⁡ ( 1 −   a  w )  C )   1  n


  m = A + B ∙ ln ⁡ ( 1 −   a  w )


  m =     m 0 ∙ C ∙   k ∙ a  w  ( 1 − k ∙   a  w ) ∙ ( 1 − k ∙   a  w + C ∙ k ∙   a  w


  m = A + B ∙ (     a  w  1 −   a  w )


  m = A ∙   a  w  C + B ∙   a  w  D


    S  B E T =       X  m ∙   N  A ∙   A    H 2 O    M    H 2 O

