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The status of excipient Variation knowledge currently

Currently
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What we see in the market is:

A continuous drive from pharmaceutical companies 
and regulatory bodies to develop more robust 
pharmaceutical formulations and processes based 
upon knowledge.

Request to excipient supplier(s) to help de-risk the use 
of their excipients, in line with QbD (ICH Q8/9), by :

• creating batch-to-batch consistent and 
reproducible products, as well as providing insights 
in potential FRC’s and/or CMA’s*.

• Support in business continuity evaluations

* CMA’s can have different interpretations by people (technically 
they are not the same and the names are misleading.



Is Excipient variation real? –Yes, …..

It is commonly agreed that different manufacturer’s and 
production locations showcase differences and batch-to-batch 
variation from 1 production site is recognized to be less 
variable (eg Doelker, Drug Dev ind Pharm., 1993; Williams, et al., 
Drud Dev Ind Pharm., 1997).

In literature, studies are know on anhydrous lactose, showcasing 
the effect of batch-to-batch and vender-to-vender variations
and inconsistencies (eg Gamble, et al., AAPS PharmSciTech., 
2010).

Haware, et al., 2009 showed that the physical properties 
between MCC 101 grades and their functionality can be different.

Thoorens, et al., 2015 showed by multi-variate analysis on a large 
dataset of MCC 102 that the functionality of the excipient was 
affected by its intrinsic variation due to production at two 
locations.



Background (MVA) - How to go from uni- to multivariate 

Multivariate analysis (MVA) 
Explanation of PCA (Principal Component 
Analysis)

• Statistical tool to evaluate large data sets.
• No need to follow hundreds of (univariate) 

control charts: two (main) graphs per 
product only!

• Shows the main structure in the data: no 
structure = no trends.

• Score plot shows how batches relate to 
each other. Inspection on clusters/trends.

• Loading plot shows how batches relate to 
the QC parameters. First step to deep dive 
into data in case of clusters/trends.



Multi-Variate Excipient positioning - facillitating drug development

Sympatec laser diffraction
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Excipient grade variations in feeders

Little scientific literature is available on the interplay
of hopper/feeder performance and input materials
used. This dispite the clear importance of this
subject, and optimisation typically occurs by trail and
error [Yu, et al., AAPS, 2014, 771-783 & Santos, et al., 
2018]. 

In literature, mainly Mannitol & MCC are 
investigated, little information of Lactose as the
major excipient in osd is known.

In general it is found that coarse excipient grades
flow well in hoppers/feeders and fine (milled) grades
poor, but exceptions occur. 

Yu, et al., AAPS, 2014, 771-783; Santos, et al., Drug Dev & ind Pharm., 2018, 44 2089-2097

Materials evaluated:
SuperTab® 21AN a coarse lactose grade
Pharmatose® 200M a milled lactose grade
Pharmacel® 101 a ‘fine fibrous’ mcc grade

Equipment:
Stainless steel Hopper 60°
40% screw speed (fixed) – force feeder



Experimental set-up

Varying hopper fill: In varying hopper fill there is a fixed amount of powder added at the start of the measurement into 
the hopper and no further powder is added during the further runs. So the feeding measurement runs are done from 
completely full to completely empty.

Constant hopper fill: In the constant hopper fill, the amount of powder discharged during 1 run is refilled back into the 
hopper with fresh powder at the end of the run. This was done to counter the lack of “loss in weight correction” for our 
feeder 

All experiments were performed on two independent batches. Samples were taken every 5s.

Excipient
Shape

Size, x50 
(micron)

ffc (°) Effective
angle of wall

friction (°)

Bulk density
(g/ml)

Hausner
Ratio

SuperTab® 21AN shards 170 27,5 27,5 0,71 1,26

Pharmatose® 200M tomohawk / 
fines

40 3,3 18,6 0,59 1,40

Pharmacel® 101 Fibres / 
agglomerates

60 6,5 14,0 0,28 1,44



Results of feeder excipient behaviour – varying hopper fill

Free flowing excipient
Highest density
Core flow observed
Powder mass increasing
with emptying of hopper

Flowing excipient
Medium density
Constant mass flow

Flowing excipient
Low density
Constant mass flow



Results of feeder excipient behaviour – Constant hopper fill

Free flowing excipient
Highest density
Constant mass flow in time

Flowing excipient
Medium density
Constant mass flow

Flowing excipient
Low density
Constant mass flow

Varying
hopper

Constant 
hopper

21AN 5,61 g/10s 5,24 g/10s

200M 3,92 g/10s 3,88 g/10s

101 2,75 g/10s 2,71 g/10s



Results of feeder excipient behaviour – Constant hopper fill

Free flowing excipient
Highest density
Constant mass flow in time

Flowing excipient
Medium density
Constant mass flow

Flowing excipient
Low density
Constant mass flow

Varying
hopper

Constant 
hopper

21AN 5,61 g/10s 5,24 g/10s

200M 3,92 g/10s 3,88 g/10s

101 2,75 g/10s 2,71 g/10s

The addition of powder was noticed in the mass flow output
System needs 5-20 seconds adjustment (stabilisation) after fill

This phenomena was not observed for anhydrous lactose 
(21AN) and MCC 101 (Pharmacel® 101).

The answer is to be found in the flow, density & wall friction 
properties of the materials, but will depend on equipment type.



Conclusions – Hopper / Feeder work

• The flow out of a hopper/feeder is shown to be dependent on the excipient
physical- chemical properties like: size, density, flow and wall friction.

• Large size and good flow are not always indicators of good performance in a 
hopper/feeder system (eg for SuperTab® 21AN) and a hopper/feeder strategy
for each excipient has to be in place (eg varying vs fixed hopper fill).

• Each excipient type and grade should be investigated individually, but more high 
end feeder/hoppers (weight and loss) may reduce the effect of excipient
variations in type and grades.

• In DFE Pharma’s view it is key that users communicate openly with their
suppliers to also understand non-CoA parameters like the flow / wall friction 
values, electrostatics of the excipients used, to minimise variable flow into CM 
systems.



Excipients for Twin Screw Extrusion
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Excipient Variation in Continuous Manufacturing - Twin Screw Extrusion

To understand the excipient grade / batch-to-
batch variation in twin screw extrusion
(granulation), we looked at the variation in 
grades on the granule tabletting
performance.

Equipment used:

ZSE 18 HPe-VA 40L/D – 24 L/D effective 
process length 

• Extruder: Leistritz ZSE 18 HPe-VA E.

• Effective process length of  24 L/D (Machine 
total length = 40L/D). 

• Excipient feed using a loss in weight twin screw 
feeder (K-Tron, K-PH-CL-24-KT20). 3 to 7 kg/h 
powder feeding



Continuous Twin Screw Extrusion – Effect of grade variation

Milled excipients are the 1st choice in wet twin screw granulation.

DFE Pharma evaluated the effect of excipient grade variation on twin screw extrusion using: Lactose 200M.

Lactose 200M is a milled lactose monohydrate.



Input and Output PSD and Density

Demonstration of  effect of excipient 
variability using example of Pharmatose® 
200M on processability using continuous 
(wet) twin screw granulation, focusing 
on:

• Bulk density (BD), Tapped density 
(TD)

• Particle size distribution (PSD)

• Tablettability

Start Material
N=3 batches
N=5 tests

Bulk Density
(kg/m3)

Tapped Density
(kg/m3)

Particles Size
(x50: micron)

Pharmatose® 
200M

650 820 41±1

Fines added 625 800 35±2

Coarse added 665 780 56±3

Extruded material was dried and sieved over
a 800 micron sieve

Granulated
200M

670 820 233±25

Granulated
Fine

630 800 208±31

Granulated
Coarse

700 960 244±32

Notes:  10%w/w water was added as binder
Size (x50:micron) was measured using dry laser diffraction
The coarse and fine batches were made to reflect the width
of Lactose 200M in the market.



Granule Tablet Behaviour

Pharmatose® 200M trails 1

Pharmatose® 200M trails 2

Tests:
Tablets: 9mm, flat beveled tooling, 250mg; 
Formulation: 99.5%w/w lactose and 
0.5%w/w MgSt; Rotab tableting 
equipment.

Message: variation in excipient(s) can lead 
to a highly variable output range. DFE 
Pharma believes the more controlled the 
psd of the excipients used the better the 
CM process can be run.



Evaluation of other Lactose types in TSE

To evaluate if the Pharmatose® 200M (lactose 
monohydrate) results are representative for
other lactose types, we evaluated in addition
anhydrous lactose (SuperTab® 21AN).

SuperTab® 21AN has no moisture in its
crystalline lettuce and compaction is driven by
its beta-crystals.

SuperTab® 21AN

Experiment set-up:

Same equipment was used and same fine, 
coarse and normal product size ranges.

Start Material
N=3 batches
N=5 tests

Bulk Density
(kg/m3)

Tapped Density
(kg/m3)

Particles Size
(x50: micron)

SuperTab® 21AN 0,71 0,90 170

Fines added 0,63 0,83 152

Coarse added 0,68 0,80 198



Granule and Tabletting behaviour – Anhydrous Lactose

Granules
N=3 batches
N=5 tests

Bulk Density
(kg/m3)

Tapped Density
(kg/m3)

Particles Size
(x50: micron)

Extruded material was dried and sieved over
an 800 micron sieve

SuperTab® 
21AN

0,64 0,72 510

Fines added 0,62 0,75 360

Coarse added 0,62 0,72 498

Water as binder

Summary: The clear effects shown with Lactose 200M were
not visible with anhydrous lactose. This can be explained by
the fact that the compactability of anhydrous lactose is driven
by the beta-crystals rather than the particle size of the
material.



Conclusion(s)

• Consistent – low variable – excpients are key for Continuous Twin Srew
Granulation.

• Low variable excipients should have a ‘proven’ history to speedup
development times.

• Different excipients, behave very different in terms of input variation to
end product functionality.

• Little acadamic / practical knowledge is available in literature, and
examples are mainly focussed on a single set-up. There seems to be
especially a low amount of information regarding the mechanistic
behaviour of powders in these type of equipment.



Effect of Excipient batch-to-batch variation on performance
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Excipient batch-to-batch variation of 1 location maybe real, but what is 
the impact?

SuperTab® 30GR – a granulated
lactose monohydrate.

Data is published in Capsules & Tablets, 
Q4, 2019, Author: BHJ Dickhoff, et al.,

As example, a granulated lactose is used: SuperTab® 30GR.

More than 300 production batches of SuperTab® 30GR produced at the 
DFE Pharma site in Nörten Hardenberg (Germany) over the period 
January 2011 to December 2017 have been evaluated. 

The data used comprimises of the Certificate of Analysis data plus 
some potential FRC’s, as mentioned in the EP.

Simca-P 16 software (Umetrics, Umea, Sweden) was used to generate 
the multi variate (MVA) Principle Component Analysis (PCA) score and 
loading plots of the quantitative data.

Note:
QbD has driven the use of MVA and particularly PCA and Partial Least 
Square Regression (PLS) in Pharma [Tobyn, 2015; Ferreira and Tobyn, 
2014]. 



SuperTab® 30GR – Production batches Score Plot

The score plot is good to
understand the (lack of) trends in 
a data set.

Each dot represents a batch and
each colour a year of production.

Here the R2x[1] and R2x[2] are 
combined 0,30  which indicates a 
very low level of explained
variation (no trend). 

Note: The ellipse is the is a 
statistical tool to identify
potential outliers in the dataset.



SuperTab® 30GR – Production Batches Loading Plot.

The lading plot of the
production batch data shows the
parameters influencing the
position of each batch.

It is clear from the figure that 
the highlighted densities and 
particle size parameters are the 
key contributors to the 
variation.

Other parameters like the 
specific rotation, moisture (by 
Karl Fisher) and the acidity of 
the lactose did not vary 
significantly within the 
production data set. 



SuperTab® 30GR – Evaluation of ‘knowledge space’ batches

To understand the variation 
observed we included four (8) 
batches close to, or outside, the 
Hotellings T2 95% confidence 
limit. 

These batches are well suited for 
understanding the maximum 
variability delivered to 
users/customers and should be 
representative of the largest 
batch-to-batch variability.



SuperTab® 30GR – Results of Variation

The 8 batches were taken from retain and analysed.

Conclusion:

The physical- chemical properties as measured on size, 
density and specific surface area do show a highly
consistent range, as expected from the score plot.



SuperTab® 30GR – Tablet results

The eight (8) batches were tabletted with 2% 
Primojel (a disintegrant) and 0,5% MgSt. 
Tablets were compressed at 10kN using 9 mm 
flat beveled tooling. Tablet target weight was 
250mg (±0.5mg) on a Rotab.

Tablet hardness Tablet disintegration

Conclusion:
SuperTab® 30GR is made in a highly consistent 
manner, with a low risk of use. Although
excipient variation exists in the dataset no or 
little functional effect was shown.



Effect of Excipient batch-to-batch and location variation on performance
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Selected studies with large data sets of MCC material and 
its effect on functionality (Thoorens, et al., Int J Pharm 2015, 
47-54 & Kusner, Pharm Dev & T, 2013) in a multivariate 
manner are known.

Ferreira and Tobyn, 2014 and Tobyn, et al., (Pharm Dev and 
Techn, 2018) showed the use of Multivariate analysis to 
understand variability in complex excipients and its 
contribution to formulation performance.

The above authors, and others indicated that a domain of 
experience that does not span the whole range of the excipient 
production may be a risk to product quality.

Excipient Variation between production locations is recognized to be real.



Pharmacel® 102 is manufactured 
at two production locations in 
India, both facilities comply to 
the highest EU/USA safety and 
compliance rules.

Literature shows higher values 
for competitor product research 
on MCC 102 product – 84 
batches, being 48% (Thoorens et 
al., 2015).

Pharmacel® 102 – knowledge space

Site 1
Site 2



Performing a loading plot analysis on 
the data shows that in component 1, 
the Hausner Ratio, Degree of 
polymerization and the size have the 
highest levels of variation in the data 
set. This is followed in component 2, 
being the density. 

Do note, the total variation is low 
(R2X[1] and [2] = 0.38).

Pharmacel® 102 – knowledge space



Analysing these parameters shows:

- The Hausner Ratio (indirect measure of flow) ranged 
between 1.32-1.48.

- The Size (x10) ranged between 21-40 micron and the 
x90 between 160-260 micron, which indicate quit a 
tight size control on these fiber agglomerates.

- The bulk density ranged between 0.29-0.32 g/ml, 
which is well within the specification and important 
as we (DFE Pharma) believe this is the main driver 
for compaction.

- The degree of polymerization is between 200 – 240.

Pharmacel® 102 – knowledge space



The nine (11) batches of Pharmacel® 102 were blended 
using the following formulation: Pharmacel® 102 
(49.75%w/w), Pharmatose® 100M (49.75%w/w) and MgSt
(0.5%w/w). 

Mixing took place in a Turbula mixer (1 kg volume) at 90 rpm 
for 8 minutes, followed by the MgSt addition for 2 minutes 
at 90 rpm.

These formulation were than tableted on a RoTab
Tabletting press (n=100 tablets, 250mg, 9mm flat beveled) 
at 5 and 10kN compression force.

Disintegration time was calculated from six (6) tablets.

Pharmacel® 102 - Functional behaviour



DFE Pharma evaluated the 11 
chosen batches, representing 
the maximum knowledge 
(variation) space, utilizing a 
tablet formulation.

The relation between 
density and tableting 
behavior was confirmed by 
using PLS analyses.

Pharmacel® 102 – Tabletting behaviour



Conclusion(s):

- No differentiation in 
tableting behavior was 
found.

- Main driver for the tableting 
difference was the bulk 
density.

- There is a low risk of 
switching products for 
manufacturing between 
locations.

Pharmacel® 102 – Disintegration Time



The data indicates that the 
compactability of MCC is highly 
driven by the bulk density of the 
product. 

In addition, it may be concluded 
from that data that Pharmacel® 
101 is the most compactable MCC 
grade, due to its low density. 

Combining Pharmacel® 101 and 102 Tabletting data

R2 = 0.75

R2 = 0.71



Conclusions: The industry and excipient variation – how to deal with?

Key considerations:

• Each type / grade of excipient produced has its
own production knowledge space.

• Monograph ranges are not indicative for the
functionality / variability of an excipient.

• Each excipient has a different effect of variation
towards functionality.

• pFRC’s (or CMA’s) as provided by the EP/USP 
may not be related to real effect of excipient
variation and its effect on functionality.

• Do set your own excipient (like API) acceptation
ranges, based upon your historical use and
excipient supplier(s) capacity.

Opportunities:

• Increased close contacts between excipient
suppliers and users.

• Working with ‘high end’ excipient suppliers
benefits your business.

• Have an open dialoque.

For universities / consortiums:

• Realise that the ‘data’ surrounding an excipient
product is the excipient supplier(s) business 
model.



Conclusion

Currently Future?



Going from what we’ve done to where we see the industry going

Currently Future?

Customer ‘needs’


