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PURPOSE

When formulating topical creams—or any preserved oil-and-water
emulsion—there are varying philosophies on how best to
iIncorporate preservatives. One traditional approach suggests that
even oll-soluble preservatives should be added to the water phase
of an oil-in-water (O/W) emulsion to ensure better contact with the
aqueous phase and to avoid partitioning at the oil-water interface.’
In contrast, another view recommends adding preservatives to their
respective phases: water-based preservatives to the water phase
and oil-based preservatives to the oil phase, prior to emulsification.?
Additionally, the use of intermediate solvents to aid preservative
incorporation is also common.® The purpose of this study was to
evaluate these techniques to determine whether the method of
preservative incorporation affects its final distribution in a two-phase
emulsion system.

RESULTS

The results indicated that, in most cases, there was little to no difference in the partitioning of
each preservative between the oil and aqueous phases, regardless of when or where the

preservatives were added (Figure 3 A&B). The emulsions that spontaneously separated

generally showed higher recovery, but the partition ratios remained consistent. The increased
recovery was likely due to the lower surfactant levels, which trapped less preservative at the

phase boundaries.

METHOD

A simple emulsion system was developed for evaluation (Figure 1).
The formulation consisted of an aqueous phase (~80%) and an oil
phase (~20%, using isopropyl palmitate), with steareth-2 as the
surfactant at either 2% or 6%. When testing the use of a co-solvent
phase, 10% diethylene glycol monoethyl ether (DGME) was
included in the aqueous phase. Six preservatives were evaluated:
four antimicrobials (propylparaben, methylparaben, benzyl alcohol,
phenoxyethanol) and two antioxidants (butylated hydroxyanisole
[BHA] and butylated hydroxytoluene [BHT]). These were
incorporated into different phases during the manufacturing process.
A total of 10 emulsions were prepared:

Five emulsions with 6% surfactant, designed to form stable
creams that were later separated into individual phases via
centrifugation.

Five identical emulsions using only 2% surfactant, which allowed
the emulsion to break spontaneously, enabling assessment of
how quickly preservative partitioning occurs.

For all formulations, the aqueous and oil phases (each containing
steareth-2) were heated separately to ~70°C before combining.
Preservatives were added to specific phases as outlined below,
followed by homogenization into a cream, and then cooled. The five
emulsion types prepared were:

1. No DGME; preservatives added to the aqueous phase

2. No DGME; preservatives added to the oil phase

3. DGME present; preservatives added to the aqueous phase
4. DGME present; preservatives added to the oil phase

5. DGME present; preservatives pre-dissolved in DGME and then
added to the formed emulsion

After manufacturing the 2% surfactant emulsions were allowed to
spontaneously separate (Figure 2A), and both aqueous and oil
phases were sampled, while the 6% surfactant emulsions were held
for one week (Figure 2B), then separated via centrifugation (Figure
2C) for sampling (Figure 2D). Samples were taken from each
separated oil and aqueous phase for determination of preservative
level in each. Each sampled phase was analyzed by HPLC for
guantitative determination of the preservatives.

Figure 1 (Base Formulation Used)

| pPhase | Ingredient | Concentration
Purified Water Q.S. to 100
DGME N/A or 10.00
: Steareth-2 6.00 or 2.00
Isopropyl Palmitate 20.00
Propylparaben 0.02
Methylparaben 0.20
Preservatives and Benzyl Alcohol 2.00
Antioxidants Phenoxyethanol 1.00
BHT 0.20
BHA 0.50

Figure 3A (Resulting Partition Data)

Benzyl
Alcohol
Sample Description
Vehicle Cream Qil 3.239
(Preservatives and
Antioxidants in Aqueous Agueous 0.854
Phase)
Vehicle Cream QOil 4 915
(Preservatives and
Antioxidants in Oil Phase) Aqueous 0.825
Vehicle Cream Containing Qil 2 260
DGME (Preservatives and
Antioxidants in DGME) ~ A\dueous  1.113
Vehicle Cream Containing QOil 2012
DGME (Preservatives and
Antioxidants in Oil Phase) Adueous  1.102
Vehicle Cream Containing Qil 2.398
DGME (Preservatives and
Antioxidants in Aqueous Aqueous 1.096
Phase)
Spontaneously Separated Ol 5.158
Vehicle Cream
(Preservatives and
Antioxidants in Aqueous Aqueous 1.092
Phase)
Spontaneously Separated Qil 4,992
Vehicle Cream
(Preservatives and Agueous 1.102
Antioxidants in Oil Phase)
Spontaneously Separated Qil 4.474
Vehicle Cream Containing
DGME (Preservatives and Aqueous 1.349
Antioxidants in DGME)
Spontaneously Separated Qil 4.415
Vehicle Cream Containing
DGME (Preservatives and  Aqueous 1.327
Antioxidants in Oil Phase)
Spontaneously Separated Oil 4.410
Vehicle Cream Containing
DGME (Preservatives and
Aqueous 1.333

Antioxidants in Aqueous
Phase)

Phenoxy | Methyl-
-ethanol | paraben
1.669 0.332
0.368 0.020
2.733 0.659
0.374 0.022
1.172 0.254
0.529 0.048
1.037 0.229
0.526 0.052
1.227 0.274
0.517 0.048
2.795 0.761
0.469 0.026
2.751 0.759
0.499 0.036
2.413 0.665
0.652 0.060
2.382 0.680
0.631 0.058
2.369 0.673
0.630 0.059

Propyil-
paraben

0.026

<0.001

0.071
0.001
0.024
0.001
0.021
0.001
0.026

0.001

0.080

0.001

0.083

0.002

0.086

0.002

0.089

0.001

0.083

0.001

BHA (%

w/w
0.398

0.003

1.345
0.009
0.333
0.005
0.319
0.012
0.372

0.005

1.737

0.005

1.741

0.027

1.736

0.022

1.757

0.008

1.743

0.011

BHT (%

0.007

0.000

0.235
0.004
0.068
0.000
0.064
0.003
0.072

0.000

0.291

0.003

0.298

0.011

0.290

0.008

0.295

0.002

0.285

0.003

Figure 2 (Formulations and Sample Prep)
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CONCLUSIONS

In conclusion, the timing and location of preservative addition during manufacturing
have minimal impact on their final distribution once production is complete. Based on
these results, it is recommended that preservatives be added in a manner that best
supports long-term, large-scale operations. Forcing an ingredient into a phase where it
may not easily incorporate is unnecessary. For example, antimicrobial agents like
parabens do not need to be dissolved in water phases; they can be added to oil or
solvent phases without affecting their final placement.
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Figure 3B (Graphical Partition Data)
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