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Abstract
This study investigated the relationship between the type of ialateand the

concentration of IgA in human milk stored at two temperaturestoder Twelve breastfeeding
mothers participated in the study with samples of milk obtainéatations of the participant’s
preference and transported to the laboratory in a sterile SnappiesnRiner stored in a cooler
filled with ice. The sample was divided up and pipetted into 12 cmr&i IgA concentrations
were determined by enzyme-linked immunosorbent assay at timg €24, 48, 72 and 168
hours. Milk IgA concentration decreased in all containers, witlexiception of polycarbonate
from 72 hours to 168 hours in -20°C. In 4°C, the results of IgA concentratanged volatility
and did not indicate a stable trend. The data suggestedhé¢habncentration of milk IgA was
more affected by temperature and the type of material malyavet a significant impact on IgA.
The data also indicated a maximum storage length of threerdagfigerators to maintain IgA

levels.

viii



Table of Contents

Page
ot Lo Y =T o g =T £ Vi
(D<o [Tt 11T o PO PP PPPRRPOPR Vii
Y 011 = Lo PP PO P PP P UPPPPPPRTPPPPPPPT Viii
TADIE OF CONIENTS. ...ttt e et e e e e e a et e e e e b et e e e e s aa b b e et e e e e s s bb et e e e e e anbbe e e e e saannneeeeeennnnes iX
LTS3 ) B =T o] T PU PO X
IS o) T U 1=t X
g oo [N Lot i o] o RO TP PPPPPRTPPPPP 1
PUIPOSE OF the TRESIS ...ttt ettt e e e e e e e e e e e e e et e et eaaaaaeeeeeas 2
T 7= U o =] o OSSP 3
Lo o2 = Vo Lo T\ = L= £ =L 5
MALErTAl CRAFACTEIISTICS ... eeiiiiittiiiee e erreee e ettt e e ettt e e e s et e e e e s amee e e e e s s b b e e et e e e s aabb e e e e e e s aanbbneeeeesabrneeeesane 6
Company’s Criteria for Selecting a Material for Thgtorage ContainNers.............ooooiiiiiiceccemiiiiiieeeeeeee e 8
R =T o] o 1= 8
=T [T - R PSPPSR 8
L Y 010 11T 9
Method /ACQUIrEMENT Of SAMIPIES ......uuiiiiiiiiiii ittt e e e e e e e e e e e e e e e bbbt b et e e e e e e eeaaeaaaaaans 10

Transferring Breast Milk from Snappies Transporh@mer to the Appropriate Containers......w...veeeeennnnn. 12

Enzyme-Linked ImmunoSorbent Assay (ELISA) ProtoCol...........coooiiiiiiiiiiiiieeeeee e 13

] = LS ot 1Y =Y 1 o Lo L ST PPTTRP 15
RESUILS ..ttt et ettt e oottt ettt e e e e e e e o e oo e R aahtae b et bttt et ettt e e e e e eeeeeeeaaaannnbenteennneeeeeas 16
(DY o U LS1=1 (o] o [P P TP 25
L0703 Tox 1111 o] o PP PUP RPN 28
[T 1 o T =T 0 =P 29
S (=T (] Lot PRSPPI 30
APPENTIX A mCONSENE FOIM. ..ttt et ea et ee ettt ettt et e eeaaaaaaaaaeesaaaabaebeeeeeeeeeaeeaaaaaaaaaaaessasaaaaannns 35
Appendix B -Background INfOrMation FOIM ............oiiis s eeeeeeeeteeeeeeeseesisssssssseesesseeeeeseeeeeeeesesssnsansnnsnsnnssnnes 37



List of Tables

Page
Table 1. A Sample Set Up of & 96-Well ELISA PIAE .........ooviiiiiiiiiieeeee e 14
Table 2. Age of Mother and Infant with Mean IgA Concentration At Time .ZetQ..............oceeeeeenn. 16
Table 3. The Number of Samples in Each Container used in the Data. ...........c.ccccvvieiiiiiiiiiieiieec e, 18
Table 4. Percentages of IgA Concentration Quantified in Human Milk B&a°C ..................cceee 19
Table 5. Percentages of IgA Concentration Quantified in Human Milkdb&r&0°C..............ccceeeeee. 19
Table 6. Concentration of IgA (ng/ml) in Each Container Stored at 4°C and -@07€ Hours. .......... 23
Table 7. Interaction of Different Subjects, Containers, and Tempesatur@ Hours. ...........cccceeevveeeeee. 24
List of Figures
Page
Figure 1. sIgA with J Chain and Secretory COMPONENT..........ccuiiiiiiiiiee e e e 3
Figure 2. Transport of sIgA through the secretory epithelium via three methads............ccccccceeeinne 4
Figure 3. Percentage of IgA Remaining in Human Milk Stored in the Fre@88C}- ..............ccevvee..e.. 21
Figure 4. Percentage of IgA Remaining in Human Milk Stored in the RefraggdgC). ...........ccee....... 22



Introduction
In present-day America, women are returning to their jobs earlergifting birth than previous

generations who took longer maternity leaves. Those who choose to breastfeedefanty it
impossible to feed their infants during their work hours so they must pump then gkare m
containers in refrigerators and freezers. Stored milk is then used to feed wiiantthe women
are at work or away from their infants. As a result, it is increasinglygdiffior mothers to
follow the American Academy of Pediatrics (AAP)’s recently amendeaimenendation that
mothers breastfeed their infants for at least one year. At least 50 pdna@mi@en who are
employed when they become pregnant return to work by the time their childrénegrenbnths
old, making this study important to analyze the effects of storage time and atunper
conditions normally found in refrigerators and freezers (Tyler, 2000). Fortynatieigerators
and freezers are available to give mothers the option of storing their milk far fagdings to
ensure their infants receive milk when breastfeeding is inconvenient or not pokisaliéy,
stored milk should be identical to freshly expressed milk in terms of concentratiorablidyvi
of different biocomponents. It is even more critical for infants in a Neonagalsine Care Unit
(NICU) to have their mothers pump the optimal milk so they receive the higlestity of
immunologic factors. One in eight babies are born prematurely and placed ilCthealte to
the rising number of twins and triplets from assisted reproduction, inducedtprereliveries,
and Cesarean sections (Maugh, 2008). It is publicized that the colostrum of mothetsrof pre
infants has higher concentrations of IgA, up to 12 g/L to 0.5-1.0 g/L in mature milie @ual.,
1984) or 310.5 mg/g in preterm colostrum comparei$8@ mg/g in term colostrum (Groer &

Walker, 1996; Gross et al., 1981a).



Previous studies in the last 30 years show that human milk loses important components
due to a variety of factors, including temperature and adherence of componentsdtetisan
of the storage containers. In a groundbreaking study by Goldblum et al. (1@81), t
concentration of secretory IgA in milk is shown to have no change in glass anpglgpe.
However, in a report by Williamson and Murti (1996), there is a loss of IgA is gldl the
mean count of IgA in human milk stored in glass decreasing after seven houkss Shple in
rigid polyethylene containers, but is reduced by 60 percent after beind stdlexible
polyethylene bags (Goldblum et al., 1981).

IgA has been selected as the milk component for analysis beocawslslactation
consultants and experts recommended IgA due to its important roleimrthene system of the
nursing infant (Lactnet postings, 11-27-08 to 12-4-08). An additional feigtthiat IgA is found
to be stable at 4°C and -20°C (Evans, Ryley, Neale, Dodge, & Lew&878, Pardou, Serruys,
Mascart-Lemone, Dramaix, & Vis, 1994). Lawrence and Lawrence (2005) mezoas up to 48

hours of milk storage in the refrigerator and up to six months in a standard home freezer.

Purpose of the Thesis
This project will study different storage container materialind the minimum impact
on the adherence of IgA in human milk by quantifying the loss ofdgé to adherence. The
goal is to show whether current recommendations proposed by lactatisnltants and doctors

regarding container types, temperature, and time are still appropriajgifoal levels of IgA.



IgA and sigA

IgA antibodies are the first line of defense against a wide berth of pathoghasiimtan
body. They bind to bacteria and toxins, preventing them from invadingegagit cells;
particularly in the mucus epithelium of the intestinal and regpiydtacts. By preventing these
microbes, no inflammation is induced as other antibodies and phago®y/test activated (Hale
& Hartmann, 2007). IgA also neutralize toxins or bacteria by absorpiibare are two forms of
IgA found in the human body; the first is monomeric IgA with a mobkaculeight of 160 kDa
and the second is the 390 kDa dimeric type. The dimeric formoisnwnomeric IgA linked by

a J-chain by disulfide bonds (Janeway, Travers, White & Shlomachik, 2001).

IgA

+ Structure
— Serum - monomer
— Secretions (sIgA)
* Dimer (115)
» I chain

Ld SeCI'E[OT_V compnnenl

Figure 1. sIgA with ] Chain and Secretory Component
(http://www.phasmatodea.org/ap2/immunology2_notes.html)

IgA in the blood system is mainly monomeric, whereas in the mudosads, IgA is
usually in the dimeric form, (Janeway et al., 2001). The dimeriu fs referred to asecretory
IgA (slgA) and is the principal isotype in infants as sIgA can be transhac®ss the epithelium
from the mother's mammary glands to the milk. It is the predantiantibody in human milk,
making up 80 to 90% of the antibodies in the colostrum and mature mile &Blartmann,

2007). In the lactating mammary gland, plasma cells synthesikeutgler the basement



membrane with two IgA antibodies binding them to a J chain. A congblthe J-chain and IgA
antibodies attaches to a poly-Ig receptor and diffuses across thmdrsmembrane. After
being transported through the basement membrane, sIgA enters itimanyagland, which

produces human milk and is later lactated to the feeding infant (Janewgy604a).

proinflammatory

Y 4 ey
s ) -

Figure 2. Transport of sIgA through the secretory epithelium via three methods
(http://www.med.uio.no/rh/patologi/liipat/secretory_immunity/pictures/TI-
fig1big.htm)

The role of sIgA is vital to the infant as it plays differenhdtions in the intestinal
development of neonates, including promoting intestinal adaptation to emtrauliége and
establishment of beneficial microbiota. It also prevents irdeciind inflammation as well as
compensates for the developmental immaturity of the intestio@ad\an, 2006). In infants,
slgA is effective against enterotoxin-produciggcoli, Campylobacter, Shigella, salmonellae,
streptococci, staphylococci, and pneumococci (Glass et al., 1983PRlaizos et al.,, 1990;
Hayani et al., 1992; Cruz et al., 1983; Waterspiel et al., 1994). iSlgko shown to be active

against a large range of viruses, such as polio virus types 1, 2,sackmxvirus types, ECHO



virus types 6, 9, as well as rotaviruses (Welsh & May, 1979). ififaat does not attain adult
levels of IgA until two months old.

IgA and slgA is shown to be unaffected by freezing for four weeks (Tully, dohedy,
2001). Cycles of freezing/thawing do not affect the composition of(E§Aans, Ryley, Neale,
Dodge, & Lewarne, 1978, Pardou, Serruys, Mascart-Lemone, Dramaix,is& N94).
However, it is possible that sIgA proteins may undergo protein aulatiaation during thawing
after being frozen (Kerner, Quan, Yang et al., 1987). The avecagentration of IgA in human
milk quantified by the ELISA technique during the first yeataatation is approximately 0.388
to 1.105 grams per liter (g/L) (Weaver, Arthur, Bunn, & Thomas, 199Me results from
O’Connor, Schmidt, Carroll-Pankhurst, and Olness (1998) show a range of @3®tg/l of

slgA in human milk using the radial immunodiffusion technique.

Packaging Materials

The following human milk storage containers are chosen for their material ctioposi

1. Medela Freezing and Storage rigid polypropylene 80 mL bottles- 090607-A part 61095 100
2. Snappies sterile rigid polypropylene 70 mL containers- Lot 071107 Part 10253 Mold #252
3. Ameda rigid polycarbonate milk bottles — Lot 7J058

4. Medela Pump and Save flexible polyethylene (HDPE) storage bags- Lot 39209A 73321

5. Ball canning glass- 14400-80400, 05-604

6. Axifeed rigid polyethylene (HDPE) 100 mL sterile bottles- Lot 121865



Material Characteristics

There are four different materials being examined in the ghgsolypropylene,
polycarbonate, high density polyethylene, and glass. There arg/pe® of plastics. The first
type of plastics is flexible yielding materials, such &s,fifoil, or paper sheeting, which acquire
a pliable shape when filled and sealed. The Medela flexible pglgath bag falls under this
category. The second group is rigid packaging, which maintainsh&pe and dimensions
throughout its lifecycle after thermoformed. All rigid plastic containelsriggto this category.

Polypropylene (PP), identified by Resin Identification Code #5sésl in food packaging
applications, including take-out containers, lids and domes, cups, tubs fot gondunargarine,
ketchup bottles, and medicine bottles. They are also utilized forwarese media packaging,
bottles for cosmetics and household industrial chemicals, plastigey, and air/water filtration
systems. The advantages of PP are that bottles can be hib&fidlenay have a built-in handle.
The material has excellent optical clarity in biaxiallyeated films and can be injection molded,
thermoformed, and stretch blow molded. They have low moisture viegmantission, and are
inert to acids, alkalis, and most solvents. The density of polymoeyised for bottles, labels,
and clear films is low, approximately 0.89 to 0.93 grams/. cfRolypropylene’s low specific
gravity and good stiffness can result in fewer pounds of resin uséldgusand packaging units,
saving costs to the manufacturer. There are no known safety coraremagrries about
consumer applications.

Polycarbonate (PC) is identified by Resin Identification Code #7 and is usedicame
devices. Itis also used for containers, such as reusable/microwaveabledreasend reusable
bottles, which include water cooler bottles, sports bottles, and baby bottles. d@nsmly

blended with other plastics. Additionally, PC is a durable plastic that can withstatidety



high temperatures; hence, it is an ideal choice for applications regmeqgnt reuse and
washing, sterilizing or microwave heating (PlasticsEurope, 2008). The adwantage
polycarbonate provides are toughness, dimensional stability, optical diagityheat resistance,
and excellent electrical resistance. PC is also recyclable, and is\eahigtresin for recycling

due to its relatively high cost per pound of resin (PlasticsEurope, 2008). The cost factors
discourage the use of polycarbonate in packaging and other single-use apglicB is

portrayed negatively in the public eye due to a monomer, known as bisphenol A or BPA, from
which PC is manufactured. However, the Food and Drug Administration, the EU Szientifi
Committee on Food, and the Japanese Ministry of the Environment have determined the amount
of residual BPA in PC to be typically less than 50 parts-per-million, degl&C safe for use
(FDA, 2008).

High density polyethylene (HDPE) is identified by Resin Ideaiion Code #2; it is
known for its low cost in manufacturing. It also has an excefteristure barrier and does not
typically break when dropped. The disadvantages of HDPE are m&akeility to oxygen and a
high cold-flow rate (Soroka, 2002).

Glass is usually created from combining silica sand mixeti wétrbonates, such as
limestone, soda ash, or alumina in high heat. Advantages of usssyigtéude its inertness to
most chemicals. In addition, glass does leach out materialsngltee taste of food. Glass has
excellent impermeability to oxygen for long-term storage ofipcts sensitive to oxygen. It is
also stable at high temperatures and maintains a rigid shapedisBldwantages of using glass
are its brittleness, which makes glass prone to breakingeaifis heights. It is also more

expensive to manufacture than plastic resins (Soroka, 2002).



Company’s Criteria for Selecting a Material for Their Storage Containers
Companies manufacturing bottles used in the thesis were contactedanbil. This
e-mail included questions on why the company chose the specificiah&be their containers.

Only two companies, Medela and Snappies, responded.

Shappies
Nancy Fleming, the Commercial Product Manager for the Snappngiger at Thermo

Fisher Scientific, responded to my e-mail inquiry about the sefeaif PP in Snappies
containers. The company chose polypropylene because most of thengmrgiher products
are made from polypropylene. As a result, Thermo Fisher Saeh#id a strong relationship
with its resin supplier. They also had previous packaging expengmee working in the dairy
industry prior the company entering the human milk market. Thsults showed that milk fat
did not stick to polypropylene, leading to more consistent resnltsesting. From the
manufacturing perspective, the suppliers and mold engineers chogwopglgne because
human milk needed to be stored in a food-grade plastic contdihely also wanted a resin that

could flow through the injection-molding equipment and had a low-residual odor.

Medela
Simdon Craig, the Product Introduction Engineer at Medela, respdodety e-mail

about their selection of materials in their two containers.igGreentions their bottles were not
regulated medical devices; hence, they did not consider them tedmurament devices. For
the Medela flexible polyethylene bags, Craig indicated that the comysas a HDPE inner liner
due to its food contact properties and water vapor barrier propeiftesy chose this resin for
their rigid PP containers over other resins, indicating previawdiest showing PP as a good

material for storing human breast milk. Medela chose polyprogyi@nits translucent clarity



and its ability to withstand cleaning and sterilization requirds&DA requires. Medela also
made a decision ten years ago to not use PC in their contag#re company was aware of the

leaching of bisphenol A into liquids.

Hypothesis
Rigid PP containers will be the optimal storage containers for the leasttgrtion at
4°C and -20°C. Rigid PP containers will be followed by other materials in oosherbfest to
worst performance in least retention of IgA in 4°C and -20°C, HDPE, gl@ssrie flexible PP

bags.



Method / Acquirement of Samples
1. The RIT Human Subjects Research Office has approved the participation of huneatssubj

2. Lactation consultants, clubs, and organizations targeting new moms, alongovdtofw
mouth have been used to contact possible candidates.

3. Eligibility for the project has been determined based on voluntary participation a
willingness to donate milk 4 to 30 weeks post-delivery. Ideally, the number of partgipa
was 20 to 25 to achieve statistical significance.

4. Participants were briefed on the study goals, risks, and privacy issoes bafintarily
agreeing to sign an Informed Consent form prior to participation.

5. Information on the age of mothers and that of their infants were taken to explsilsigpos
outliers that may appear in the data analysis.

6. The researcher went to locations of the participant’s preference to ¢allaen milk.

7. Sterile Snappies polypropylene containers were used to collect eacipaarcmilk.

8. A single expression of milk from one or both breasts, by breast pump or hand expression,

were collected in a sterile Snappies polypropylene tube.

9. Breast milk samples were labeled at the site with a reference numbetect pine identity of
the participant. The sample was transported to RIT, chilled in a cooler filledoeit

10.The reference numbers and names were kept in a safe in Professor Deannaffiaepbs
70-1313 in the Golisano College of Computing and Information Sciences.

11.The reference number used for each participant was not published in the thesis (Rett

B, and C) were used in the published data to protect the identity of the participants.

10



12. After arriving in the lab, time zero was established when the sample $n#ppies
polypropylene bottle was shaken and three 800-microliter aliquots of the samplaaceck
in separate 1.5 mL centrifuge tubes. The average of the three was the b&rfohmhgdy

levels at time zero.

11



Transferring Breast Milk from Snappies Transport Container

to the Appropriate Containers
. 60 mL of milk received from participants were pipetted from the Snappies transport

container to the different containers involved in the experiment. Each container hadf5 mL
sample.

. There were 12 containers altogether. One of each type of container \edsstive

refrigerator and one in the freezer, which resulted in six containdre nefrigerator and six

in the freezer.

. The containers were placed next to each other in the same area in the frégezéo/freduce
variability due to location of samples.

. For the refrigerated samples, three different aliquots were taken fainteatainer and
combined to make one sample at 9, 24, 48, and 72 hours. Frozen samples were analyzed at
72 and 168 hours. Each container was warmed under warm running water 45 seconds for
refrigerated samples and 130 seconds for frozen samples.

. Warming of the refrigerated and frozen samples followed the standard procedudegitoyi
lactation consultants on thawing milk and were applied to all containers in thrsnesiein

the previous step.

. 800 microliters of milk for each container were measured and centrifugedtabtbtp
centrifuge (MicroSpin 12, Sorvall Instruments) for 20 minutes. 400 microlitéredjottom
whey layer were pipetted and placed into a centrifuge tube. The top layerpousgut of
cream, was discarded. Appropriate dilution of 1:2 or 1:4 of each sample combined with

sample diluent was performed.

12



Enzyme-Linked ImmunoSorbent Assay (ELISA) Protocol

. For the ELISA procedure, the Bethyl Laboratories E80-102 manual wasnedel.

. A change was made at the end of Step B1 in the Bethyl manual. Insteadwinigl|
Bethyl's recommendation of washing the wells by aspirating eachtielfflick and tap”
method was used.

. The samples were diluted by a factor of 2 or 4 in Step B2. This was done as previous
literature showed the average concentration of IgA to be approximately 7D, &g a
result, 1:2 dilutions were performed to ensure the samples fit the standard ciu&egiml
to 1000 ng/ml.

. The substrate’s reaction with 3, 3’, 5, 5’-tetramethylbenzidine (TMBlswedre read by an
at ELISA ELx800 UV reader (Bio-Tek Instruments) at 450 nm.

. KC Junior (Bio-Tek) was used to convert absorbance readings into IgA conoastiat

comparing the samples to the standards provided by Bethyl.

13



Table 1. A Sample Set Up of a 96-Well ELISA Plate

1 2 3 4 5 6 7 8 9 10 11 12
A 1000 Blank Blank Blank 1000 Empty | Empty | Empty | Empty | Empty | Empty | Empty
ng/mL (sample | (sample | (sample | ng/mL well well well well well well well
standard| diluent) diluent) | diluent) standard
B 500 Ameda Ameda | Ameda 500 Empty | Empty | Empty | Empty | Empty | Empty | Empty
ng/mL Bottle Bottle Bottle ng/mL well well well well well well well
standard| Sample | Sample | Sample standard
C 250 Snappies| Snappie | Snappies | 250 Empty | Empty | Empty | Empty | Empty | Empty | Empty
ng/mL Bottle s Bottle | Bottle ng/mL well well well well well well well
standard
standard| Sample | Sample | Sample
D 125 Medela Medela | Medela 125 Empty | Empty | Empty | Empty | Empty | Empty | Empty
ng/mL PP Bottle| PP PP Bottle | N9/mL well well well well well well well
standard
standard| Sample Bottle Sample
Sample
E 62.5 Medela Medela | Medela 62.5 Empty | Empty | Empty | Empty | Empty | Empty | Empty
standard
standard| Bottle Bottle Bottle
Sample | Sample | Sample
F 31.25 Axifeed | Axifeed | Axifeed 315 Empty | Empty | Empty | Empty | Empty | Empty | Empty
ng/mL Bottle Bottle Bottle ng/mL well well well well well well well
standard
standard| Sample | Sample | Sample
G 15.625 Ball Ball Ball 15.625 Empty | Empty | Empty | Empty | Empty | Empty | Empty
hg/mL Glass Glass Glass ng/mL well well well well well well well
standard
standard| Sample | Sample | Sample
H 7.8 Blank Blank Blank 7.8 Empty | Empty | Empty | Empty | Empty | Empty | Empty
hg/mL (sample | (sample | (sample ng/mL well well well well well well well
. . . standard
standard| diluent) diluent) | diluent)

Legend: The table shows the set up of blanksdarals, and samples in a 96- well plate. Therévemeeplicates

of each standard and three replicates of each sampl

14




Statistical Methods
For each subject, the numbers of replicates at time zero were averaged toQie¢haverage

became the baseline for all replicates at each time point compared.

. The standard deviation from the baseline was determined for elimination ofutlier

Individual replicates for each container were compared to the baselineplfcate showed
a concentration higher than the standard deviation range, then it was oroittatdrresults.
. The remaining replicates were divided by the baseline and converted to agugcent

. The percentages were added to represent an average percentage fontaaoer @t each
time point.

. The subjects were added together to create the final percent of IgA megmaimilk in each
container at every time point.

Each container was plotted onto a line graph with the X-axis values represantiagt of

IgA in milk and the Y-axis values representing hours.

15



Results
Twelve subjects participated in the study, with four subjecttud&d from the results

due to contamination of the samples during the data-gathering praestamination occurred
during time zero and nine hours, with the samples assumed to be oosgatavhen the blanks
had larger readings than the background readings. In a few ttesbiBnks were shown to have
absorbance values as high as the samples. If the blanks displayeabbaybance values, then
the standard curves created from the known standards provided by, Bethgbuld not be
established. This led to the omission of the samples at thafisgene point from the study.
The subjects used in the study were labeled as B through Lrafmpe of time from lactation of
the milk to the laboratory was anywhere from 15 minutes to one dmdirl5 minutes. Most
samples had a transportation average time of 30 to 35 minutes.Wérersix time points (0, 9,
24, 48, 72, and 168 hours) and two temperatures (4 °C and -20 °C) in the datenAs Table
2, the mean standard deviation of samples taken at time zer@385 with a high value of

697.6 and a low value of 122 .4.

Table 2. Age of Mother and Infant with Mean IgA Concentration at Timerd

Subject | Age of Subject Age of Infant Mean IgA Conaetration Standard Deviation
(ng/ml)
B 29 years 4 weeks 1892.3 697.6
C 30 years 5 weeks 3116.9 122.4
F 1889.3 312.7
H 30 years 28 weeks 3081.5 525.3
I 27 years 9 weeks 1062.5 263.1

16



Subject | Age of Subject Age of Infant Mean IgA Conaetration Standard Deviation
(ng/ml)
J 33 years 44 weeks 3198.0 355.0
K 32 years 4 weeks 1051.0 196.1
L 30 years 28 weeks 1231.1 235.7

Nine-hour values are not included in the results for subjects B, IKarid addition,
subject F's 48 and 72-hour marks are omitted from the results. Subjedt and L do not have
their 24-hour values in their results. Subject H does not includeevdtom 48 hours. The
omitted values are ignored because the wells at these time gloated inconsistent results due
to contamination of the samples from human error or the researcher’s technique.

Table 3 shows how many samples were used to represent the amigdnteyhaining in
the human milk over time. The nine-hour mark has an unbalanced numberpdés®ecause
the Snappies and Axifeed containers have one extra sample. The Z#adrkunas only three
samples and the 48-hour mark has five samples. The 72-hour saniptee 468-hour samples
have seven subjects. The higher number of subjects in the 72-hour amdut68amples
compared to the earlier time points is due to reliable starmaxes and the low absorbance

values from the blanks.
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Table 3. The Number of Samples in Each Container used in the Data.

Rigid Medela
Medela PP | Flexible PE
4°C Ameda PC Snappies PP bottle Bag Axifeed HDPE | Ball Glass
9 hours 4 5 4 4 5
24 hours 3 3 3 3 3
48 hours 5 5 5 5 5
72 hours 7 7 7 7 7
Rigid Medela
Medela Flexible PE Axifeed
-20°C Ameda PC Snappies PP PP bottle Bag HDPE Ball Glass
72 hours 7 7 7 7 7
168 hours 7 7 7 7 7

Legend: Each value represents the number of ashjsed to represent the data.

Tables 5 and 6 include the average percentage of IgA concentratiamirgg in each
container compared to the baseline of IgA quantified at time zerda$h&vo rows of the tables

show the average of all time points for each container as well as the standatidmlevi
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Table 4. Percentages of IgA Concentration Quantified in Human Milk Stdrat 4°C

Medela Medela
Ameda Snappies PP Flexible Axifeed Ball
Hours PC PP container | PE Bag HDPE Glass

9 76.16 71.92 72.33 72.26 71.47 69.38
24 76.53 85.43 83.15 71.59 79.85 78.24
48 73.39 74.52 71.88 78.32 76.99 73.38
72 82.71 74.34 76.61 76.16 78.53 81.68
Average 77.20 76.55 75.99 74.58 76.71 75.67
Standard

Deviation 23.54 22.12 20.67 15.98 22.88 18.69

Table 5. Percentages of IgA Concentration Quantified in Human Milk St -20°C

Medela Medela
Ameda Snappies PP Flexible Axifeed Ball
Hours PC PP container | PE Bag HDPE Glass

72 83.29 83.37 85.25 90.20 89.06 86.30
168 84.40 82.72 82.85 84.55 85.94 82.09
Average 83.84 83.04 84.05 87.37 87.50 84.19
Standard

Deviation 20.48 18.94 16.90 15.66 15.47 21.01

Figures 3 and 4 are a visual representation of Tables 4 and 5, wiash the
concentrations of IgA varying from temperature to temperatuveeisas container to container.
In the -20°C freezer at 72 hours (Figure 3), all containers peefbrvery close to each other,

ranging from 83.3% of IgA in the Ameda PC container to 90.2% of éffAil human milk in
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the Medela PE bag. The concentration of IgA reduces in all censafrom 72 hours to 168
hours, with the exception of Ameda, which remains stable. The rargs from 85.9% in
Axifeed to 82.1% in glass. None of the containers went below 80% at -20°C in both time points.
Figure 4 shows how each material performs in the leashtreh of IgA in the 4°C
samples. The IgA concentration starts out low at nine hours andyieatkases to 24 hours in
all containers, with the exception of Medela PE bags and Amdéilacdntainers. IgA
concentration drops down at 48 hours for all containers, with the exceptiadela PE bags,
which increases from 71.6 t078.3%. There are mixed results itdgAentration in different
materials at 72 hours. For all 4°C samples, there is consistenitye performance of all
containers throughout the duration of the experiment as the range of IgA conoerjo&is from
69% to 85% as compared to the original concentration. The worst perfpoontainer is the
Ball glass with 69.4% of IgA in the human milk at nine hours contptoéime zero. The best

performing material is the Medela PE bag with 85.4% of IgA in the human milk at 24 hours
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Figure 3. Percentage of IgA Remaining in Human Milk Stored in thedazer (-20°C).

IgA in Human Milk Stored at -20°C for 72 and 168
hours

100.00
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85.00 : _E :i;

Percentage of IgA in
human milk
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72 168
—4— Ameda PC 83.29 84.40
== Snappies PP 83.37 8§2.72
== Medela PP 85.25 82.85
== edela PE 90.20 84.55
=t Axifeed HDPE 89.06 85.94
—0—Glass 86.30 82.09

Legend: Percentage of IgA in the samples takem fyottles since time zero. Two time points araeluseanalyze
the -20°C (freezer) samples.
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Figure 4. Percentage of IgA Remaining in Human Milk Stored in the fRgerator (4°C).
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== Snappies PP 71.92 85.43 74.52 74.34
—fi—Medela PP 72.33 83.15 71.88 76.61
== edela PE 72.26 71.59 78.32 76.16
=== Axifeed HDPE 71.47 79.85 76.99 78.53
—0—Glass £69.38 78.24 73.38 81.68

Legend: Percentage of IgA in the samples takem fyottles since time zero. Four time points aedlue analyze
the 4°C (refrigerator) samples.

Further statistical analysis was performed on the 72 hour maxdmpare the influence
of the material on IgA stored at 4°C and -20°C. It was the only poiet when both the
refrigerator and freezer samples were present. Eight ssibjeste used to compare both
temperatures. These subjects were B, C, F, H, |, J, K, and L.

Table 6 shows the results of the concentration of IgA at 72 hours.
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Table 6. Concentration of IgA (ng/ml) in Each Container Stored at 4°C and -20°C for 72
Hours.

Standard
Mean Deviation | Minimum | Median | Maximum
Ameda PC -20°C 1887 1071 841 1323 3942
4°C 1792 883 846 1429 4892
Snappies PP -20°C 1751 942 841 1337 4054
4°C 1533 501 736 1679 2449
Medela Rigid
PP -20°C 1761 887 773 1477 3205
4°C 1710 871 609 1393 3882
Medela
Flexible PE -20°C 1944 1065 737 1394 4156
4°C 1522 488 699 1456 2365
Axifeed HDPE -20°C 2170 1421 829 1697 5615
4°C 1542 517 845 1451 2648
Glass -20°C 1971 1303 345 1360 5862
4°C 1586 494 716 1571 2321

Legend: Three observations were made for eaclaicant Design was unbalanced as Subject K in ttap@es PP
and Subject | in the Medela Flexible PE at 4°C baly two observations, so the third observation €dom the
mean of the first two observations.

The first significant analysis demonstrated that each conthadk@a higher mean in the
-20°C as compared to 4°C; however, the median was lower in -20°C foorddiners. The
Axifeed HDPE and the Medela PP containers had higher means amhrmethe freezer. The
standard deviation was higher in the freezer for all containers.

The next significant observation was the interaction of thre&ahblas: temperature,
subject, and container (see Table 7). When the subjects were rattothe container and
temperature values being fixed, the temperature (p=0.277) and sybje0t060) were more

significant on influencing the concentration of IgA than the contgjoe0.521). There was a
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strong interaction between the subjects and temperatures (p=0.00)cwheared against the

interaction of containers and temperatures (p=0.168).

Table 7. Interaction of Different Subjects, Containers, and Temperatuaeg2 Hours.

Source P-value Source P-value
SubjectA_72 0.050 SubjectA_72 0.050
Container_72 0.521 Container_72 0.514
Temp_72 0.277 Temp_72 0.277
SubjectA_72*Temp_72 0.000 SubjectA_72*Temp_72 0.000
Container_72*Temp_72 0.168
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Discussion
The transportation method was derived from the study by Goldblum @98/1). The

method varied a little as their study mentioned the collectiomilif usually took ten minutes
with transportation in 4°C in an ice chest to the laboratory. Thicipant contributed two
times for the study; one sample was stored in a Pyrex cjéissler while the other sample was
stored in a polyethylene container. In this study, only one contnbutas taken from each
participant with the average transportation time taking 30 minutés. sdmple was stored in a
polypropylene container rather than a Pyrex glass cylindemagmlyethylene container. The
study by Friend, Shahani, Long, and Vaughn (1983) was also referesidbe aesearchers
collected milk at participants’ houses and traveled to the laboratéhe decision of starting
time zero in this study was based on the Friend et al studyewln&r experiment started at the
point they arrived at their laboratory.

Different subjects had different concentrations of IgA rangimgnfrl051.0 to 3198.0
ng/ml (Table 2). Previous literature noted different variables maytdlffeconcentration of IgA
in different women, including environmental stresses, the health dfemand infant, and the
week of gestational age of the infant (Weaver etl&98, & Goldman et 311982, & Prentice,
Prentice, & Cole, 1984, & Hennart, Brasseur, Delgone-Desnoeck d©9€ll). The standard
deviation of the subjects at time zero (338.5 ng/ml) was shovbetless than the published
standard deviation of 1360 ng/ml (1.360 g/l) in the paper of KoenigzDBarbosa, and Vaz
(2005). The smaller standard deviation was encouraging; indichihthe data obtained in this

experiment may have been more consistent than previous studies.
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The technique used in the experiment may have led to the inconsistetiey results
from the samples. It is strongly believed the inconsistensawiples in the shorter time points
was due to lack of concentration or drowsiness when working in thenaliatwelve hours in
the first 24 hours of experiment for each subject. The 48, 72, and 168 hguinswveacome out
better due to more time apart between experiments.

The sample size in the study is very small, creating a higblatility in the data as
compared to larger sample sizes. For instance, only three eighdfsubjects were used in the
4°C samples at the 24-hour mark, while the nine-hour and 48-hour marks thtbudeor five
subjects. This could explain why most of the containers increaseasat% from the nine-hour
mark to 24-hour mark while the percentage decreased at least tb# 48 hour mark. Even
with a small sample size and a large range of high and lavev& each container, the average
of all percentages for each container showed each container npediforery consistently
throughout the duration of the experiment. When all the containees seanpared to each
other, they essentially performed very closely, with a rafigel.6 to 77.2% in the 4°C samples
and 83.0 to 87.5% in the -20°C samples.

It is exciting to show a material did not retain more than 200the original
concentration in the -20°C samples. Further, it was encouraging to kmawloss of
concentration was not necessarily directly related to the iateonit the IgA by the material, but
rather attributed to the protein denaturalization that may occungltine thawing process as
noted in the study by Kerner et al. (1987). When the 20°C samplescapared to the 4°C
samples, there was less loss of IgA in the human milk, supportingeheg& and Lawrence

(2005)’'s recommendation that frozen samples may be left for six months.
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Further research, however, must be taken to study to deterrhieihex the length of
duration is still appropriate for maintaining IgA levels. This caukebn the lower temperature
may be more optimal in terms of IgA remaining inside the&knAl lower temperature may be
credited with less movement of IgA; thus, reducing the matarad IgA interaction.
Alternatively, a lower temperature may prevent the degradatitgohs microbes reproduce at
a faster rate in 4°C as compared to -20°C.

A surprising finding indicated the concentration of IgA found in PE badke freezer
and refrigerator is drastically higher than reported in eastigdies, which showed PE losing up
to 60% of slgA antibodies specific fdt.coli during storage (Arnold, 1995). This may be
attributed to Medela adding a HDPE inner lining to the PE bags dtso possible that the
performance of the PE bag has improved over 20 years with the addition of HiDRE. li

The 72-hour statistical analysis comparing the refrigeratdrfleezer samples indicated
the null hypothesis demonstrated a strong correlation of terapeatd subject interaction, with
little, if any, influence from the containers. Figures 2 and @l as the statistical analysis
showed less IgA loss in the freezer. The p-values showed nifispgee of material made a
significant difference on the retention of IgA, disproving the hypahsat loss of IgA was

attributed to the retention of IgA by the material in the container.
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Conclusion
The Rigid PP containers were not the optimal storage contamésth temperatures,

which disproved the hypothesis. HDPE (Axifeed) performed the dakt Rigid PP (Snappies
and Medela) fared the worst in -20°C. At 4°C, there was no eledence to confirm the best
performing material.

The decrease of IgA from 72 hours to 169 hours may be attributed welgyadation as
the 168 hour samples went through two thawing cycles as comparedttaoieg cycle for the
72 hour samples. As a result, the impact of the IgA concentrationbmayom the extra
freezing/thawing cycles; not from time.

The current recommendations of the lactation consultants and doatossllapractical
after seeing these results. An important issue is to provehésher temperature is a greater
influence on IgA levels. Women do not need to worry about the containensbdyp achieve the
best results in terms of protecting one biocomponent of human milkedtuwlithis thesis.
Further, mothers do not need to concern themselves with the seledtrenogitimal container in
terms of preserving IgA levels. Rather, mothers are encouradedu® more important factors,
including the ease of the container for the infant and mother;helé space available in the
refrigerator and freezer; and the compatibility of the contawtr the breast pump. Results
indicate that three days is the maximum length of time @i} breast milk in refrigerators. If
mothers do not expect to use their milk within three days, thenstimyld place the milk in the

freezer.
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Limiting Factors
The small number of samples used in the experiment is thenlgrdctor, discouraging

the significance of the results. More samples are needed\ve phether the results from the
experiment maintain the same trend for a larger population. Howegeits presented from
this research is a good indication that storage containeriahatexry not be the primary factor
causing decreased levels of IgA, but rather degradation may ibeitatirto temperature. With
the data seen in this experiment, the next step is to studgex @ollection of human milk to

support or disprove the results found in this study.

29



References
(2008, August 20)JS Food and Drug Administration (FDA) Reaffirms Safety of Food-Contact

Products Containing Bisphenol A (BPA) Retrieved September 28, 2008, from

http://www.bisphenol-a.org/whatsNew/20080820.html.

(2008).Polycarbonate. Retrieved September 28, 2008, from

http://www.plasticeurope.org/Content/Default.asp?PagelD=1117

Butte, N. F., Goldblum, R. M., Fehl, L. M., Loftin, K., Smith, E. O., Garca C., Goldman, A. S.
(1984). Daily Ingestion of Immunologic Components in Human Milk During the Firs

Four Months of Life.Acta Paediatr Scand, 73(3), 296-301.

Cruz, J. R., Gil, L., Cano, F., Caceres, P., & Pareja, G. (1988). Breast-Milk Agiichia
Coli Heat-Liable Toxin IgA Antibodies Protect Against Toxin-Indddnfantile

Diarrhea Acta Paediatr Scand, 77(5), 658-662.

Donovan, S. M. (2006). Role of Human Milk Components in Gastrointestinal Development:

Current Knowledge and Future NeedlsPediatr., 149(uppl 3), 49-61.

Evans, T. J., Ryley, H. C., Neale, L. M., Dodge, J. A., & Lewarne, V. M. (1978). Effect of

Storage and Heat on Antimicrobial Proteins in Human Mitich Dis Child, 53(3),

239-241.

30



Friend, B.A., Shahani, K.M., Long, L.A., & Vaughn, L.A. (1983). The Effect of Proogssid
Storage on Key Enzymes, B Vitamins, and Lipids of Mature Human Milk |. Evahuat

of Fresh Samples and Effects of Freezing and Frozen Storage. PezHaft7R61-64

Glass, R. I., Svennerholm, A. M., Stoll, B. J., Khan, S. R., Hassain, K. M. B., Huq,&awhll.,
(1983). Protection Against Cholera in Breast-Fed Children by Antibodigseast Milk.

N. Engl J Med. 308(23), 1289-1292.

Goldman, A. S., Garza, C., Johnson, C. A., & Nichols, B. L. (1982). Imnmunologic Factors in

Human Milk during the First Year of LactatiahPediatr, 100(4), 563-567.

Goldblum, R. M., Garza, C., Johnson, C. A., Harrist, R., Nichols, B. L., & Goldman, A. S.
(1981). Human Milk Banking I. Effects of Container upon Immunologicdfach

Mature Milk. Nutrition Research, 1(5), 449-459.

Hale, T. H., & Hartmann, P. E. (2007)extbook of human lactation. Amarillo, TX: Hale.

Hayani, K. C., Guerrero, M. L., Morrow, A. L., Gomez, H. F., Winsor, D. K., Ruiz-Palacios,

G. M., & Cleary, T. G. (1992). Concentration of Milk Secretory Immunoglobulin A

Against Shigella Virulence Plasmid-Associated Antigens ag@id®or of Symptom

Status in Shigella-Infected Breast-Fed Infadt®ediatr, 121(6), 852-856.

31



Hennart, P. F., Brasseur, D. J., Delogne-Desnoeck, J. B., Dramaix, M. M., & Robyn, C. E.
(1991). Lysozyme, Lactoferrin, and Secretory Immunoglobulin A Contentaasd
Milk:Influence of Duration of Lactation, Nutrition Status, Prolactint®aand Parity of

Mothers. AmJ Clin Nutr, 53(4), 32—39.

Janeway, C. A., Travers, P., White, M., & Shlomchik, M. J. (200djnunobiology 5. The

Immune System in Health and Disease. New York: Garland.

Kerner, J. A., Quan, R., Yang, C., Lewiston, N., Sunshine, P., & Stevenson, D. K. (1987).
Effects of Microwave Thawing (MT) on Anti-Infective Factors inrhlan Milk (HM).

Pediatri Res, 21, 430A.
Koenig, A., de Albuguerque Diniz, E. M., Barbosa, S. F. C., & Vaz, F. A. C. (2005).
Immunologic Factors in Human Milk: The Effects of Gestational Age Pasteurization.

Journal of Human Lactation, 21(4), 439-443.

Lawrence, R. A., & Lawrence, R. M. (2003reastfeeding: A Guide for the Medical

Profession. Philadelphia: Elsevier Mosby.

Maugh, T. H. (2008, March 26). Premature Birth has Long-Term Effects, Stodly. Fi

Los Angeles Times. Retrieved April 2, 2008, from http://www2.nysun.com/article/73673.

32



O’Connor, M. E., Schmidt W., Carroll-Pankhurst, C., & Olness, K. N. (1998.) Relaxation
Training and Breast Milk Secretory IgAArch Pediatr Adolesc Med, 152(12):

1065-1070.

Pardou, A., Serruys E., Mascart-Lemone F., Dramaix M., & Vis H. L. (1994). Hunl&n Mi
Banking: Influence of Storage Processes and of Bacterial Caorataom on Some Milk

ConstituentsBiol neonate, 65(5), 302-309.

Prentice, A., Prentice, A. M., Cole, T. J., et al. (1984). Breast-Milk Antimicrétaielors of
Rural Gambian Mothers. 1. Influence of Stage of Lactation and Matelara of

Nutrition. Acta Paediatr Scand, 73(6), 796—802.

Ruiz-Palacios, G. M., Calva J. J., Pickering, L. K., Lopez-Vidal, Y., Volkow, Pzdprezsi H.,

& et al. (1990). Protection of Breast-Fed Infants Against Campylobacterii2aby

Antibodies in Human MilkJ. Pediatr, 116(5), 707-713.

Soroka, W. (2002) Fundamentals of Packaging Technology. Naperville, lllinois: Institute of

Packaging Professionals.

Tully, D. B., Jones, F., & Tully, M. R. (2001). Donor Milk: What's In It and What’s Not.

Journal of Human Lactation, 17(2), 152-155.

33



Tyler, K. (2000).Got milk? How to Establish a Workplace Lactation Program. Retrieved March

29, 2008, from http://www.kathryntyler.com/got_milk.htm

Waterspiel, J. N., Morrow, A. L., Guerrero M. L., Ruiz-Palacios, G. M., & Pickerir§. L
(1994). Secretory Anti-Giardia Lamblia Antibodies in Human Milk: Retive Effect

Against DiarrheaPediatrics, 93(1), 758-761.

Weaver, L. T., Arthur, H. M., Bunn, J. E., & Thomas, J. E. (1998). Human Milk IgA

Concentrations During First Year of Lactatiédnch Dis Child, 78(3), 235-239.

Welsh J. K., & May, J. T. (1979). Anti-Infective Properties of Breast MilkPediatr, 93(1),

1-9.

Williamson, M. T., & Murti, P. K. (1996). Effects of Storage, Time, Temperature, and

Composition of Containers on Biologic Components of Human Ml nal of

Human Lactation, 12(1), 31-35.

34



Appendix A - Consent Form

Matthew Jenkins
Packaging Science Dept.
Email: mdj7463@rit.edu

Thank you for agreeing to participate in this study which will take place 3@0708 to 6/20/08.
This form outlines the purposes of the study and provides a description of your involvement and
rights as a participant.

The purposes of this project are:

1.) To gain insight into the topic of the influence of different milk containers on #rticet of
an immune protein called Immunoglobulin A in breast milk stored several days in the
refrigerator and freezer after pumping.

The methods used to collect information are explained below:

A. 20 mothers who are feeding their infants with breast milk 4 to 30 weeks after yleliver
will voluntarily give breast milk once or twice during the study.

B. A single pump from both breasts, either by breast pump or hand, will be placed in a
sterile container provided by the researcher.

C. That is all that is required from you, the milk will be taken to a biology labgratdRIT
where it will be analyzed for the amount of IgA.

You are encouraged to ask any questions anytime about the nature and goalsuokthisdsthe
methods that | am using. Your suggestions and concerns are very important to meeso plea
contact me at any time at the email address listed at the top of the paper.

| will use the data from your milk sample along with other samples to write #imirtfluence

of storage container materials, including glass and different plagiis,| will send a copy of
my final thesis if you want to see it.

Your personal information will be kept confidential.

This copy is to be signed by you and for the researcher to keep:
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| guarantee that the following conditions will be met:

1.) Your real name will not be used at any point of information collection after the donation of
your milk. The written records, data, and final thesis will only use letterptesent you.

2.) Your participation in this research is voluntary; you have the right to withdramy gotaant
of the study, for any reason, and without any prejudice, and the information cbflecte
you will be omitted from the study.

3.) You may ask for a copy of the published thesis for you to keep.

Do you grant permission to donate your breast milk and have it analyzed by niesvatt
Jenkins?

Yes No

By signing this, you are agreeing to the terms written above:

Respondent

Date

Researcher

Date
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Appendix B - Background Information Form

Participant’s Name:

Age:

How many weeks or months have passed since your delivery?
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