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The determination of a product shelf life is an important issue in the pharmaceutical and food industries. This is 
done by storing the product and follow its degradation. In accelerated tests the product is submitted to harsher 
conditions to increase degradation and reduce experimental time. A correlation is made with what is expected at 
normal storage conditions. 
The present work analyzes the degradation of formulations of Vitamin X. A product from the factory was stored at 
different temperatures and humidity. All the experiments were analyzed by high performance liquid chromatography. 
Mathematical modelling of the isoconversion times (time it takes to reach a certain level of adulterant) and the 
Arrhenius parameters were also performed. 
As expected the appearance of degradation products increases with time, while potency decreases. The product 
revealed high sensitivity to temperature and humidity inducing physical changes or changes in the degradation 
profiles. An unknown molecule appears at high temperatures and low humidity, but its chemical structure is 
unknown. 
Finally, the time taken to product failing the specification limit were given by mathematical estimation of the product 
stability. This is a useful information to plan future stability trials. 
KEYWORDS: Vitamins; Chemical degradation; Accelerated storage; HPLC; Isoconversion method; 
Arrhenius law. 
 

1. Introduction 
 
Due to confidentiality issues, the identity of the vitamin used, 
its formulation and the process variables used cannot be 
disclosed. For this reason, results that could relate with its 
identity were not shown. 
 

1.1. Problem description 
 
The product consists in a Vitamin formulation in a form of oil 
droplets dispersed in a dry matrix made with polysaccharides 
and sugar. During storage, the Vitamin (from now on called X) 
loses its potency by appearance of two major adulterants 
referred as Y and Z. 
The product consists in a powder obtained by drying the 
emulsion made between the aqueous and oil phases 
(containing the vitamin) by fluidized bed drying. In this process, 
the emulsion is sprayed and the powder coalesces and forms 
particles with a larger size than normal spray dried products, 
while it is continuously coated with a protective agent. The final 
product is called a beadlet and it is a free flowing powder (see 
Figure 1 1). 

 
Figure 1-1: Cross section of a conventional beadlet formulation.1 

To access the product shelf life, the powders are stored at 
normal and accelerated conditions, being the latter 40ºC and 
75% moisture. The rule of thumb used is that the stability of the 

product after storage for 3 months in accelerated conditions is 
roughly correlated to the stability after 1 year of storage at room 
conditions. 
The challenge proposed by BASF, was about the 
understanding of the different aspects related with storage 
conditions and stability testing, with the possibility of improving 
this process.  
 

1.2. Mathematical modelling 
A product is considered stable for as long as its characteristics 
are maintained. When, for instance, the potency of the product 
decays below a certain level, it does not correspond to the 
value stated by the manufacturer and it is considered out of its 
shelf life. The common way to determine the shelf life is by 
submitting the product through stability tests, in which the 
product is maintained in controlled conditions for a specific 
amount of time, being its characteristics analysed periodically. 
This is normally done at T and relative humidity (RH) higher 
than in storage, being then extrapolated to room conditions. 
Accelerate stability tests allow a faster decay of the product.  
 

1.2.1. The Arrhenius law 
The relationship between degradation and T is explained by the 
Arrhenius law. In a chemical reaction, there is a combination of 
collisions and molecular reorganization, that requires a 
minimum of energy for something to happen. This is 
represented by the activation energy (Ea), as being the 
energetic barrier that needs to be surpassed to be possible for 
reactants to be transformed into products. The higher the 
energetic barrier between reactants and products, the slower 
the rate of degradations will be, since there will be less 
molecules with the demanded energy to overcome the barrier 
and react. The distribution of energy is T dependent, in which 
for increased T the number of molecules with sufficient energy 
to react will be higher, resulting in faster rates of degradation. 
This is explained by the Arrhenius law, described by Equation 
1, where k is the rate of degradation at the conditions studied, 
A is the collision factor and R is the gas constant. A is a factor 
that is related with the amount of molecules that have the 
probability to be arranged in the “reaction media” with the right 
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orientation and configuration to collide and react.2 

=  
1 

The values of A and Ea can easily be obtained by the linearized 
version of Equation 1 (Equation 2). By storing the product at 
different T, there is experimental data to proceed with the 
determination and obtain the values of the constants. Typical 
values of Ea range from 10 to 30 kcal/mol.2 

ln( ) = ln( ) −
1

 
2 

Assuming that the degradation at one T is going to happen in a 
similar way, just with a different extension, to another T it is 
possible to predict the shelf life based on an accelerated factor 
(λ), derived from the Arrhenius law (Equation 3). Thus, the rate 
constant at normal storage conditions can be calculated based 
on the one at accelerated conditions and furthermore give an 
estimation of the shelf life.3 
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The Arrhenius law is a truthful relationship for most of kinetic 
reactions, but has some restrictions of application. In some 
cases, the Arrhenius law cannot be applied due to the 
complexity of the system under study and a prediction of the 
product shelf-life is not possible. Changes in physical state are 
also a concern, since they affect the diffusion and transport 
phenomena and thus affect the degradation kinetics. 
Additionally, there is more than one specific Ea in the system, 
one for the phase change and another one for the reaction.  
Another problem is when there are more than one reaction 
happening at the same time. In this case, the degradation 
observed can be related with the result of more than one 
reactions, that will have independent values of Ea and A. 
showing all together a non-Arrhenius behaviour. The set of 
reactions that dominates at low values of T can be different 
from the one that dominates at higher values of T, resulting in 
inaccurate predictions and in a curvature in the Arrhenius law 
plot.2 
 

1.2.2. Humidity-corrected Arrhenius Law 
H is also an important factor to study the decay of a product. 
The water activity of a product can have an intrinsic effect on 
the product structure and reactivity. This statement has even a 
stronger importance, when dealing with dried drug formulation 
(like tablets), where changes in H can affect the physical 
structure of the excipients, plasticising them, depending on aw. 
This effect can be introduced in the Arrhenius law by the H 
sensitive factor, B, as seen in Equation 44. This factor changes 
the interception of the plot, being by this reason related with A. 
This statement is in line with what was said before about A and 
its relationship with the mobility of the components. Accelerated 
tests performed at higher RH will degrade faster, resulting in 
quicker answers, making the analysis of stability more user 
friendly. Of course that the traditional Arrhenius equation is also 
right, since it is normally performed at room-moisture, which 
means that RH is constant in all studies. In this situation, B will 
come hindered in the value of A, obtained in the intercept of the 
plots, not affecting the degradation observed for a given 
temperature, demonstrating an independent behaviour with T. 
Above a certain value of H there is a critical RH at which every 
accelerated stability test cannot be executed because the 
formulation starts to dissolve (deliquesce), the physical state of 
the product will change and the Arrhenius behaviour will not be 
observed, as said before, making it impossible to extrapolate 
to room-conditions. 

 

1.2.3. Isoconversion paradigm 
The isoconversion paradigm appeared has a way to overcome 
the difficulty of determine a reasonable value for the shelf life 
of solid state formulations. When the product is dried in the form 
of powders/tablets, its physical state can vary between the 
different conformations, like crystalline and amorphous. Each 
one has a specific rearranged structure, with different 
orientations and freedom inside the matrix, which result in 
presenting different degradation kinetics, affecting the values 
of Ea and A. Since, chemically, they are all the same molecule, 
the analysis of its content will not distinguish between the 
different forms and an overall degradation will be observed, 
sometimes presenting deviations to the Arrhenius law. 
The isoconversion paradigm ignores that a function can 
describe the data and instead aims to determine the time at 
which the product fails a specification limit. If the same 
degradation profile, at different time scales, is observed for 
different values of T, then it is possible to correlate the time it 
takes to reach a certain level of Adulterants between them (see 
Figure 1-2). This paradigm continues to use the Arrhenius law. 
The methodology has been study with the use of the H factor 
to make the decay of the product faster. Since the level of 
Adulterant is the same for each condition, the value of k that 
would be used in Equation 4, will be proportional to the 
isoconversion time (tiso). As a result, the prediction to room 
conditions can be made by using Equation 5.  
 

Figure 1-2: Production of an Adulterant of a product during storage. 
Two degradation curves from different values of T were overlapped, 
adjusted so as to target the amount of Adulterant correspondent to the 
specification limit.5 This situation was purely exemplar, not 
corresponding to the Vitamin product from BASF. 

 
 This methodology has also been used in situations, beyond 
the solid state scenario, being applied to situations with 
complex kinetics that are difficult to be predicted by fitting them 
to a mathematical function. Additionally, it is not necessary to 
collect a lot of data to find the products stability, since it only 
needs to catch the moment when it fails the specification limit, 
instead of following the degradation for extended periods of 
time. 6,7 

2. Materials and methods 

 
2.1. Emulsification 

Process variables and the products formulation are not shown 
due to confidentiality issues. 
To produce a stable emulsion, the product needs to meet 
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certain requirements in terms of viscosity and temperature of 
process, in order to obtain the desired droplet size.  
Before starting the emulsification, first the aqueous and oil 
phases were prepared by addition of the different compounds 
to the solvent in a stirred and heated system, until dilution. The 
addition of the different compounds was done slowly to avoid 
the creation of lumps and assure a homogenous distribution. 
Once the solutions were prepared, they were mixed in a vessel 
with a mechanical stirrer with a safety lid, to avoid spilling. The 
agitation system used was a Pilvad-Diaf Minibatch 20 VH. The 
aqueous phase was prepared in the emulsification vessel and 
when the oil phase was poured, the rotor was at a low velocity 
to avoid spilling. After that, the lid was closed and the agitation 
increased. After this part, the viscosity was measured and 
corrected by addition of water, being then stirred again until 
homogeneity, until the viscosity reached a desired value. There 
is any restriction regarding pH. 
 

2.2. Fluidized Spray Drying 
After the emulsification process described in chapter 2.1, the 
emulsion is connected to an atomizer and sprayed into a drying 
chamber. At the moment of spraying the chamber is already at 
stationary state with hot air and a constant flow of coating agent 
(corn starch). After the spraying process, the powders remain 
in the fluidized bed, where they are continuously dried. This 
part of the process is made at low T and for an extensive period 
of time, while a continuous flow of coating is covering it.  
 

2.3. HPLC analysis 
The method used for the determination of the potency of the 
vitamin as much as for the fractionation of its adulterants, was 
a normal phase HPLC determination. This method is able to 
separate and identify the different compounds in a mixture, by 
passing them through a packed column. The compounds are 
exposed to a beam with a specific wavelength. The mixture that 
enters the column is separated owing to the affinity of the 
compound to the column together with the mobile phase. These 
two conditions will dictate the degree separation between the 
different compounds, increasing the resolution of the analysis 
and easing the identification process. In an already established 
method as the employed, these variables are fixed and the 
different compounds elute around the same retention time, 
showing equal degrees of separation between different 
analysis. When the molecules elute from the column they pass 
through the detector. They are going to absorb part of the 
radiation and an absorbance spectrum will be drawn. 
Depending on the shape of the spectra, the different molecules 
can be identified or related with one already known species.  
The method was developed and optimized by BASF’s 
analytical laboratory and for this reason cannot be shown for 
confidentiality issues. 
 

2.4. Determination of the tiso and the adapted method 
for Arrhenius determination 

This protocol was designed taking into account different 
experiments performed employing the same methodology.2,5,8,9 
Using this information a set of T and H were chosen for a wide 
application of the Arrhenius law and applying the isoconversion 
paradigm.  
Since the isoconversion paradigm implies that an experiment 
is run at least until the specification limit is exceeded, the 
experiments were projected so as to narrow this time frame. 
This was possible by using Equation 5, so as to estimate how 
long it takes to reach it, considering that the product surpasses 
1.2% of Y after one year of storage at 25ºC, as a reference. It 
was used the average values 22 kcal/mol for Ea and 0.04 for 
B, taken from Waterman (2007).9 Based on this estimation of 

the time of decay, time intervals for collection were planned. 
The information referent to each experimental set is presented 
in Table 2-1, showing the values used during the experimental 
procedure. 
 
Table 2-1: Experimental set considered for the adapt method for 
Arrhenius determination. 

T (ºC) 
planned/practiced 

RH 
(%) 

planned 

RH 
(%) 

practiced 

Measurements 
(days) 

Expected 
day of 
Decay 

50 75 75 0, 5, 12, 15 11 

60 50 48 0, 5, 12, 15 11 

70 11 20 0, 12, 15, 19, 24 20 

70 75 75 0, 2, 3, 8,12 2 

80 30 26 0, 3, 8, 12 4 

 
Samples of the product were taken into open flasks and placed 
in thermostable cabinets, inside desiccators with equilibrium 
RH being controlled by different dehydrated salts (Potassium 
acetate for 11%RH, Magnesium chloride for 30%RH, 
Magnesium nitrate for 50%RH and Sodium chloride for 
75%RH). 
Desirably, this experiment should be continued until the level of 
a certain by-product or the potency of the vitamin surpasses 
the limiting value at which it is considered out of its shelf life.  

3. Results and Discussion 

 
3.1. Study of stability at different T and H- adapt 

method for Arrhenius determination 
 

3.1.1. Degradation by-products 
Potency was not followed in this study, because the 
determination with the Arrhenius law targeted the appearance 
of by-products, instead of potency directly.  
Some of the set-ups changed their physical state throughout 
the course of the experiment (results not shown). For this 
reason, it was not possible to use all of them for the Arrhenius 
determination, because changes in physical state are 
prohibitive for application of the law. Nevertheless, the analysis 
of the different set-ups was made so as to see how the powders 
respond to T and H. However, for the experiment at 
80ºC/26%RH, it was impossible to extract samples since it 
formed a single agglomeration block and for this reason no 
results were obtained.  
Unfortunately, not all the set-ups decayed to the limiting value 
(1.2% of Adulterant) as it was planned in chapter 2.4. As for the 
set-ups at 50ºC/75%RH and 60ºC/48%RH no relevant 
degradation was observed. Some peaks appear isolated, 
neither having a gradual increase throughout time or continuing 
to grow after appearance and regular Adulterants seen in the 
product did not appeared. Therefore, they were discarded as 
relevant and they were not included in the discussion  
The remaining set-ups are depicted in Figure 3-1. In all the 
three cases, the major adulterants were Y, Z and an unknown 
peak appearing at the relative retention time of 0.55. There was 
also the appearance of other known and unknown adulterants, 
but they were not considered relevant. In regards, to Y 
appearance, while at low H (20%RH) the values of Y increase 
and then remain at a constant level throughout time, for higher 
H (75%RH) it shows a clear increase. In respect to Z, at 70ºC 
the values of Z increase and then remain more or less stable 
throughout time, while at 80ºC no Z production was observed. 
Finally, the unknown peak seems to increase in every set-up. 
While at 20%RH its relative amount was high, at high H its was 
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low. Moreover, between the two set-ups at 20%RH, the 
increase of T increased the degradation process, as it is 
normally expected for a chemical reaction.  
 

 
Figure 3-1: Degradation profile observed for the accelerated storage 
experiment at different T and H. Time was measured in days. The bars 
represent the amount of a given Adulterant at a specific time. They are 
sorted by their relative retention time in the HPLC, which are labeled 
by color. 

It was concluded that: the unknown peak is stimulated by low 
water contents; when it is in high amounts, the levels of Y and 
Z maintain stable, whereas in the opposite scenario it tends to 
increase. The latter suggests that the unknown compound 
comes from a competing reaction with the reactions that 
produce the other two, or it is a reaction that uses them as 
reactants, which makes sense, because at 80ºC no Z was 
observed but the unknown compound had its higher amount. 
The appearance of this unknown peak makes the pattern of 
reaction different that the one that is observed in the product at 
low T (including room conditions). If the reactions happening at 
high T are different from the ones happening at low T, the 
profiles of degradation are not similar and the application of the 
isoconversion paradigm is impossible. This renders the 
experiment a failure (in regards to the Arrhenius determination), 
because the set-ups changed physical state, presented a 
different degradation profile or were not enough degraded, 
making the results impossible to be used for the determination. 
Nevertheless, important conclusions can be made regarding 
the conditions at which the accelerated stability studies are 
performed. Regarding H, the products should not be tested at 
values above 20%, to assure its chemical stability, and it should 
not be submitted to T above 70ºC to guarantee that the 
degradation profiles are the same. 
 

3.2. Mathematical determination 
In Figure 3-2, it is observed the development of Y in 
accelerated tests in production campaigns from tests made 
prior to the project. The appearance of Y starts by having a lag 
phase, where a slow or even no increase is observed, then it 
starts to increase rapidly and by the end the rate of decay 
decreases again as it is reaching some kind of plateau. While 
some products stayed longer periods without any degradation 
being observed, others increased immediately, which shows 
variability. Notwithstanding, the results are similar in 
development, which indicates that common phenomena are 
happening and that mathematical modelling could be 
performed. 
 

 
Figure 3-2: Relative amount of Y throughout the time of storage. The 
products were stored in aluminum bags stored at a given temperature 
and humidity. Each series of data represents a batch of product made 
at BASF. 

3.2.1. Distribution of Ea, A and the different tiso’s 
in the project database 

Due to the failure of the experiment discussed in chapter 3.1, 
the only data possible to apply the isoconversion paradigm, in 
order to obtain the parameters from the Arrhenius equation, are 
the ones at BASF database. In order to use the Arrhenius law, 
fist the tiso were obtained. Albeit being a possible task, this 
determination was complicated, because previously it was not 
an issue to find the tiso for each scenario. For the determination, 
it was considered that the limiting value of adulterant would be 
when Y or Z surpass 1.2%, what was not observed in all the 
situations. The determination is done by an interpolation 
around the limiting value. These brought two issues: first, the 
data not always had a constant increase, varying a lot; second, 
when the experiment was not held for enough time the limiting 
value was not surpassed and tiso was extrapolated. The 
solution was to pick up the intervals for the 
interpolation/extrapolation manually, which is a concern for 
future application of the method. With the tiso values obtained, 
a distribution was made, so as to see what was the expected 
value (µ) obtained and its deviation (σ). It was assumed that a 
normal distribution would fit this type of data and, by minimizing 
the total mean square value, the parameters were obtained. 
For the initial values of the regression it was used the highest 
absolute frequency value for µ and a random value for σ. The 
values obtained for 15ºC/room conditions were discarded, 
since the number of cases was small and the values disperse. 
The converged values for the parameters can be seen on Table 
3-1. The values from the accelerated studies at 30ºC/75%R, 
besides being the situation with a higher total error (which is by 
itself a bad thing), the mean value increased, from 25ºC to 
30ºC, which is in complete discordance with the Arrhenius law. 
These results should not be considered. As expected, the tiso 
values obtained for Z are higher than the ones obtained for Y. 
This is totally in line with the background of the project, in which 
Z appears at lower amounts and later than Y during storage. 
This means that it takes longer to reach the same level of 
Adulterant, resulting in higher degradation times. 
As the isoconversion methodology just requires to find the 
window of values where the product fails the specification limit, 
the values obtained allow to narrow the window of time for 
collection of samples, helping planning future experiments. For 
this reason, it was considered that 95.45% of the cases 
approximated by a normal distribution will fall into the interval 
between two standard deviations of the expected value. The 
results are presented in Table 3-2. Having this results in mind, 
the next experiments can be planned by starting the collection 
of samples at the lower end of the interval and being continued 
until the limit is compromised. 
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Table 3-1: Statistical estimation of the distribution of tiso for Y. 

Adulterant 
T 

(ºC) 
RH 
(%) 

µ 
(months) 

σ  
(months) 

Total 
error 
(%) 

Y 
25 60 10.1 0.4 7.4 
30 65 10.1 0.9 13.3 
40 75 3.6 1.2 0.5 

Z 
25 60 10.8 0.7 2.9 
30 65 14.0 0.9 11.2 

40 75 4.3 0.9 3.4 

 
Table 3-2: Time intervals suitable for the determination of tiso for 
25ºC/60%RH and 40ºC/75%RH, for both Y and Z. 

Adulterant 
T 

(ºC) 
RH 

(%RH) 

Lower end 
(months) 

(µ-2σ) 

Higher end 
(months) (µ+2σ) 

Y 
25 60 9.3 10.9 
40 75 1.3 5.9 

Z 
25 60 9.4 12.2 
40 75 2.6 6.1 

 
Even though it is not fully correct, a determination of the 
Arrhenius parameters was made using the mean values for tiso. 
The parameters should be determined for each product 
individually but, to do so the regressions made to obtain the 
Arrhenius law, would use few data, not giving a reasonable 
result. The determination was then estimated using the mean 
values of tiso. Because the samples were stored in aluminum 
sealed bags as said before, B was not determined since H was 
considered equal in both situations. The results were obtained 
by linear regression of equation 6, being the values of Ea 13 
and 11 kcal/mol for Y and Z, respectively. These values are 
unexpected, since in the product Y appears faster and in higher 
amounts, than for Z, which suggests that the value of Ea for the 
first would be lower than for the second, since it is required less 
energy for the reaction to take place. This reflects the 
uncertainty of determining the Arrhenius law by only the data 
for 25ºC/60%RH and 40ºC/75%RH. Either way, the values of 
Ea should range between 10 and 30 kcal/mol, and the mean 
values obtained fall within the expectation.  
 

4. Conclusions 
The present work tried to understand how and why the 
degradation of Vitamin X in dried formulation occurs. The 
degradation kinetics of powders stored at accelerated 
conditions was studied, in regards to both its variation with 
temperature and humidity. 
In the study, the same powder was submitted to different 
temperatures and humidity. From all the set-ups made, only the 
ones at low humidity (20%RH) maintained its physical state, 
being the only exception the ones at 60ºC and 48%RH. From 
this it is possible to conclude that the powders were very 
sensitive to humidity, compromising their physical stability. All 
the powders that changed during storage, could not be used 
for the Arrhenius determination being discarded. 
For the remaining set-ups (70ºC and 80ºC), it was observed an 

increasing production of adulterants with temperature. It is 
worth to mention the appearance of an unknown peak at the 
relative retention time of 0.55 in all of the scenarios. This peak 
appeared strongly in the set-ups at low humidity. increasing 
with time, while Y and Z remained at a stable level, suggesting 
that it is interfering with the production of Y and Z. Nether less, 
no conclusion could be made about its relation with X, without 
knowing its chemical structure. 
It was concluded that the accelerated tests should not be 
performed at temperatures higher than 70ºC, since changes in 
the degradation profile are against the isoconversion paradigm. 
Finally, the mathematical determination failed to implement a 
method of accurately determining shelf life. It was impossible 
to use the traditional methodology for shelf life determination 
since the degradation kinetics did not follow the power law, so 
the isoconversion method was applied to the information at 
BASF’s database. Even though the determination was only 
made with the results for 25ºC/60%RH and 40ºC/75%RH, it 
was possible to determine average values for when the product 
fails the specification. For Y the specification limit is reached 
around the 9th and the 1st months at 25ºC/60%RH and 
40ºC/75%RH, respectively, while in the case of Z it is around 
the 9th and the 2nd months. This is a very important information 
to plan future accelerated trials. 
With the values stated before, the parameters of the Arrhenius 
law were determined. It was obtained a value of Ea of 13 and 
11 kcal/mol for Y and Z, respectively. They suggest that Z 
appears by a faster reaction than Y, because it presents a lower 
value of Ea, which should not be true. This reflected the lack of 
confidence in the Arrhenius correlation with just the values for 
25ºC/60%RH and 40ºC/75%RH. 
 
5. References 
 
1.  DSM. DSM in Animal Nutrition & Health - Vitamin Stability. 

https://www.dsm.com/markets/anh/en_US/Compendium/vita
min_basics/vitamin_stability.html. 

2.  Waterman KC. Understanding and Predicting Pharmaceutical 
Product Shelf-Life. In: Huynh-ba K, ed. Handbook of Stability 
Testing in Phamaceutical Development. Springer Science & 
Business Media; 2009:115-135. doi:10.1007/978-0-387-
85627-8_6. 

3.  Magari RT. Assessing Shelf Life Using Real-Time and 
Accelerated stability Tests. BioPharm Int. 2003;November:36-
40. 

4.  Naversnik K, Jurecic R. Humidity-Corrected Arrhenius 
Equation : The Reference Condition Approach. Int J Pharm. 
2016;500:360-365. doi:10.1016/j.ijpharm.2016.01.047. 

5.  Hyzer CH. Implementing an Accelerated Stability Assessment 
Program: Case Study. In: IVT’s Third Annual Forum on 
Stability Programs. ; 2012. 
http://www.freethinktech.com/resources.html. 

6.  Waterman KC, Swanson JONT, Lippold BL. A Scientific and 
Statistical Analysis of Accelerated Aging for Pharmaceuticals . 
Part 1 : Accuracy of Fitting Methods. J Pharm Sci. 
2014;103:3000-3006. doi:10.1002/jps.24075. 

7.  Rauk AP, Guo K, Hu Y, Cahya S, Iv WFW. Arrhenius Time-
Scaled Least Squares : A Simple , Robust Approach to 
Accelerated Stability Data Analysis for Bioproducts. Pharm 
Biotechnol. 2014;103:2278-2286. doi:10.1002/jps.24063. 

8.  Chen LH, Faust S, Venkatarangan A. Accelerated Stability 
Assessement Study for Nicorette Lozenge. In: AAPS Annual 
Meeting and Exposition. ; 2013. 
http://www.freethinktech.com/resources.html. 

9.  Waterman KC, Carella AJ, Gumkowski MJ, et al. Improved 
Protocol and Data Analysis for Accelerated Shelf-Life 
Estimation of Solid Dosage Forms. Pharm Res. 
2007;24(4):780-790. doi:10.1007/s11095-006-9201-4. 

 

ln
1

= ( ) −
1

+ ( ) 
6 

 


