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ABSTRACT

Eggnog has long been established as the key comtpoha peaceful winter holiday, as it induces
somnolence in crazy uncles and sharply decreastsvsh complaining. Despite the drink’s
importance, very little has been done to optimmeedggnog recipe. In this current research, DNA2.0
rational GPS engineering, Design of Experiment slaghine Learning was utilized to analyze and
optimize key variables in the production of eggnbige ability to capture multivariable interactions
during optimization is critical. Six active variablwere identified: dairy quantity,4,,0;; quantity,
Vanilla planifolia quantity,Cinnamonum verurguantity, alcohol type, and alcohol quantity; vittie
goal of finding the optimal combination of all siariables. Due to the need to avoid excessive allcoh
consumption and/or gluttony in the North Pole pafioih, it was desirable to obtain statisticallyid/al
data using only a small fraction of available tesmbinations. Using a fractional-factorial design
consisting of 18 individual trials with simultaneomultivariable combinations, a successful test
program was completed. Internal validation testlte®f the optimum formula, with relative error of
0.48% were consistent with the theoretically predicvalued, demonstrating the reliability and sssce
of the present study.



Claes et al., Proc. Natl. Acad. Sci, NorthPole (2015) 12:25-31

INTRODUCTION
Eggnog, also known as egg milk punch, is a
chilled, sweetened, dairy beverage

traditionally made with milk, sugar and
whipped eggs (resulting in a frothy texture).
Alcohol in the form of brandy, rum or
bourbon is a standard addition in most
protocols. The finished liquid is often
garnished with ground cinnamon and/or
nutmeg. Eggnog is frequently provided to
elves, reindeer, and guests of the North Pole
during the holiday season to encourage
festive working conditions (Fig. 1).

Figure 1. Eggnog is routinely provided to North é”ol
residents and guests.

Eggnog is believed to have originated in
East Anglia, England, developed from the
warm posset, a medieval beverage made
with hot milk and eggs. The term ‘nog’ may
stem from the Middle English appellation
‘noggin’, a small, carved wooden mug used
to serve alcohol. Alternatively, it may be
derived from the Viking word ‘nog’
meaning ‘enough’. In 1066, Vikings had
enough of the dreaded eggnog, left England
and returned to Scandinavia [1].

Evidence shows the drink moved northward
through Great Britain and was eventually
carried to the North Pole in the early™7

century [2]. During the I8 century, the

drink crossed the Atlantic to the British
colonies. As brandy was heavily taxed in the
colonies, the readily available Caribbean
rum was often substituted. Kitchen records
from Mt. Vernon indicate that George
Washington served an eggnog which

included brandy, rye whiskey, rum and

sherry (Appendix A) [3]. When the supply

of rum was reduced during the American

Revolutionary War, Americans turned to

domestically produced bourbon and

moonshine as alternatives. The large number
of Appalachian distillers soon made ethanol
at various degrees of purity accessible to the
American citizenry and which correlated

with a marked increase in eggnhog

consumption rates [4].

The Great Eggnog Riot of 1826 occurred at
the United States Military Academy at West

Point on 23-25 December 1826. Whiskey

was smuggled into the North Barracks of the
academy to make eggnog for a Christmas
party, culminating in inebriated cadets

reeling through the barracks with swords,

muskets and bayonets. The incident resulted
in the court-martialing of 20 cadets and 1

enlisted soldier [5]. Eggnog has since been
considered an enemy of the state by the
Federal Bureau of Investigations (FBI) [6].

Although many attempts at determining the
ideal quantities to be used in the production
of eggnog have been made, all have suffered
from the One Factor at a Time Optimization
(OFAT) strategy [7], with less advantageous
final outcomes. We instead here use Design
of Experiment (DoE) Optimization, which
relies on systematic variance to explore the
optimization ~ of  multiple  variables
simultaneously (Fig. 2) [8].

One Factor at a Time (OFAT) Optimization Design of Experiment (DoE) Optimization

Figure 2. Example for optimizing conditions: thestfiset
of experiments alters the temperature (X axis)stéwand
set alters the pH (Y axis) of the reaction. TherzAethsion
indicates the resulting enzymatic activity. Firampling
(white) and second sampling (yellow) show how this
dimensional space is navigated using OFAT or DdB wi
each final outcome achieved (red circle). Now imeagin
optimization in 5, 10, or even 50 dimensions. TheED
process is faster, more efficient, captures muitisée
interactions, and finds the best solution.
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In this current research, five active
ingredients (6 variables) were identified
with the goal to find the optimum
combination of all five components. Optimal
guantities of milk, sugar, vanilla, and
cinnamon, as well as both alcohol type and
guantity are determined and analyzed using
a DoE methodology combined with machine
learning. Using DoE allows for the accurate
determination of the relative effects of the
many different factors that influence the
quality of the product.

Variable Selection

Before initiating a DoE optimization, there is
often a need to identify a good starting point.
The North Pole Institute of Food Science and
Technology (NoPolFoST) has developed a
standardized process to uniformly and
accurately sample the phylogenetic Christmas
tree of one or more recipe families. The
sampled sequence space is derived from public
domain EggNOG v4.5 [9] database including
orthologous recipes from 190,000 unique
cookbooks and 2,383 different cuisines,
including Mrs. Claus’ previously published
protocol (Appendix B: Eggnog materials and
preparation guidelines).

Variable Level1l | Level2 | Level3
Dairy 200 ml 400 ml 600 ml
CioH2011 20g 30g 409
Vanilla 3ml 5ml 7 ml
Cinnamonum| 4g 69 89
Alcohol Type | Rum Whiskey Brandy
Alcohol 25ml 100ml 200ml
Quantity

Table 1. Variables and levels tested in eggnog
optimization.

Using these starting points, Santa’'s GMP
eggnog production facility (Santa’s Village,
North Pole) was able to build a complete
alignment of all homologs of the eggnog
family and identify available diversity. This led

to the identification of 6 key variables in the
eggnog optimization:  dairy  (quantity),
CiH01;  sweetener  (quantity), Vanilla
planifolia  (quantity), Cinnamonum verum
(quantity) and alcohol (type and quantity).
Target values and levels of deviation were also
determined and assigned (Table 1).

Design of Experiment

In order to test all possible combinations of
the variables (full-factorial experimentation)
we would need to produce and assay 729
batches of eggnog {8 Due to health risks
(alcoholism, obesity, excessive caroling
when inebriated) [10], this was deemed
impractical. Using DoE methodology we
were able to systematically select an
axiomatic subset (orthogonal arrays) of
combinations. Orthogonal arrays for the
parameter design indicating the number of and
conditions for each experiment were then
developed. The selection of orthogonal arrays
is based on the number of parameters and the
levels of variation for each parameter. An
orthogonal array for 6 parameters with 3 levels
each requires an L18 array (Fig. 3) [11].
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Figure 3. Heat Map for L18 Orthogonal Array
comprised of 6 variables and 3 levels.

Outcomes

In accordance with IUPAC standards [12],
eggnog was assessed based on 4 key sensory
characteristics  including color, odor,
consistency and taste by trained professional
testers from the NoPoIFoST (Fig. 4). Testers
were asked to assess the attributes with the
following weights: specific volume 10%
(volume/weight, mL/g), surface texture 5%,
appearance 5%, color 10%, structure 10%,
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viscosity 10%, acidity 10%, flavor 30%, and
odor 10%. Palates were cleansed between
samples using mistletoe infused snow as per
NoPolFoST protocols [13]. Samples were
analyzed under normal Christmas lights
conditions [14].

Its Good Ol Eggnog Time Again!

Figure 4. Trained professional testers from
NoPoIFOST assess eggnog samples for this study.

It should be noted that there was a small, yet
vocal, portion (n=3) of the testing
population who preferred dairy quantity =
Oml, but as that was determined to no longer
technically constitute eggnog, these data
points were excluded from the final results.

Sequence-function correlation models were
built using a portfolio of Santa’s supervised
machine learning algorithms essentially as
described [15]. Briefly, machine learning
algorithms were used to build non-linear
models of the dataset by calculating a 6-
dimensional weight vector w, where the
activity Y; of a variant Xis estimated as;Y
=(2;=1..6wx;;), providing a quantitative
measure of the relative effect of the j-th
substitution on eggnog (Table 2).
Bootstrapping techniques [16] were used to
create 1,000 data sets containing a training
subset and test subsets by randomly splitting
20% of infolog sequences;fxnto the test
set and the rest into the training set. We
interpret the weight distribution as an
indirect measure of eggnog variable
epistasis [17].

Supervised machine learning algorithms
were used to select values for; what

NorthPole (2015) 12:25-31

resulted in the highest correlation between
measured and predicted activities for test
subsets. Five unique eggnog recipes
predicted to significantly outperform the
best recipes in the training set were
calculated and the corresponding eggnogs
were made in larger volumes and assessed
by the general North Pole population as well
as DNA2.0 employees.

To further examine the effects of alcohol

guantity in eggnog in the elf population,

several behavioral parameters were
evaluated. The elves daily productivity and
activity levels were tracked and recorded.
Figure 5 displays a significant decrease in
working behavior as evidenced by

quantitated toy output with a simultaneous
increase in leisure behavior seen in caroling
[18] and participation in reindeer games.

EIf Activity and
Eggnog Alcohol Quantity
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Figure 5. Assessments of productive work and
enjoyment in response to alcohol quantity in eggnog
as measured by elves participation in caroling, &mm
and toy manufacturing.

Statistical analysis of eggnog optimization
was performed by the GoogEIlf Technology
Group. The modeling was shown quite
suitable for the prediction of sensory
evaluation valued of eggnog, witl® value

< 0.05,P value of lack of fit >0.05, an&
value of 0.9430.
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Conclusions
X1 X2 The validation test results of the optimum
0 1 > formula were consistent with the

theoretically predicted values, demonstrating

the reliability and effectiveness of DoE and
0 ai (Yoo) | BK (Yor) | Y] (Yo2) machine learning. Internal ratings showed a

99.286% approval rating for the optimized

L |Bitw Vit | akOu) formuta (Figure ©).

2 YK (Y200 | Qj (V1) Bi (Y22)

Table 2. Graeco-Latin Square. Factor A and B
Combinations (x1 denotes the levels of factor Axéhd
denotes the levels of factor Bj,f, y) forms a Latin
Square and (1, j,k ) forms another Latin SquasgB, (y)
and (1, j,k) jointly form a Graeco-Latin Squaféis
implies that SS for ¢,B, y) and SS for (i, k) are
orthogaonal. SS2=3n[ly i-y Iy j-y Iy k
- yf . ]_

Figure 6. North Pole resident enjoying the finaEDo
optimized eggnog formula and protocol.

APPENDIX A: Mount Vernon Eggnog receipt

One quart cream, one quart milk, one dozen tabbespgugar, one pint brandy, Y2 pint rye whiskey, %2
pint Jamaica rum, ¥ pint sherry—mix liquor firbieh separate yolks and whites of eggs, add sugar to
beaten yolks, mix well. Add milk and cream, slowating. Beat whites of eggs until stiff and fold
slowly into mixture. Let set in cool place for sealedays. Taste plenty and frequently.

Note: 1 quart = 946.35 ml, 1 pint = 473.17 ml,dld¢apoon = 14.78 ml.

APPENDIX B: Mrs. Claus’ Eggnog reagents and protocb

2 Gallus gallusdomesticus Eggs, full complement of albumen ataflué (Charles River)
30.0 grams glucose and fructoseHz,0:1 (Sigma)

2.15 grams NaCl (Sigma)

4.9 mlVanilla planifoliaderivative, GHsO; (Madagascar Laboratory Supplies)

472 miBovinae bos tauru@referably Holstein) organic lactation produceiigley Farms)
25-100 ml distilled alcohol 80 proof (Bacardi)

4 grams groun@innamomum veruifiPenzeys Spices)

4 grams grount¥lyristicacea fragrangNutmeg) (Penzeys Spices)

Protocol: Place egg with shell removed into 1L leeadradually add GH,;0:1, and NaCl. Stir
thoroughly without application of temperature geadi(magnetic stirrer preferred at U North Polé, bu
not required). Add gHgO; and lactation product, mix gently. Add desirecuwaé distilled alcohol.
Decant into personal size sterilized glasswaret Witls groundCinnamomunandMyristica. Imbibe.
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