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The a‘b;}wﬁ pf thie W@%&gﬂim is o isclate, voncentrate, and
atgmﬁwaﬁm the emulsifying componente of whole egg, The approech to
the problem mey be divided into two phmses: first, a gross fraotions~
tion of whole egg in order $o isolate the mein emuleifying component
or scmponents of the egg; and,second, & study of the effect of the
important mexufasturing processes on the enulsifyving ability of the
prodact.

nt phagse of thils etudy is the development of a test

whioh will eritically measure emulsifying powers., Such e tost should
measure ong or more of the charasteristios of a typleal emulsion, e.ge,

a mayormalse~typs emaleion, It may be sssumed that produsts which perform
well under the conditions of such a btest would probebly perform well

when used under other conditions.
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1., FEVIEW OF LITERATURR

A, Composition of the Egg

Critioal evaluation of the exlsting information on the phyeical

and echemiosl composition of whole ege s mmmry for the develope

ment from sgg éﬁ‘ & produst possessing specific ga,wmmi@m An exarme
ination of the composition of yolk and albumen must also be underteken,
since most of existing egy fractionation procedures are concerned with
enly one of these parbs.

Thres of the many investigations on the physiocnl end chemical
mposition of the whole egg are summeriszed in Table 1. Vhole sgg is
 composed chiefly of proteins and lipids, Oarbohydrete end inmorgenie

mterials ave present in only pmall smounts, Sinos slbumen mekes up
0% of whole egg solids, an examinetion of the properties of the

white of the egg as well as the yolk is important to this study.

The white (albumen) of hen's sgg has received eansidersble sttention
relstive to its chemical and physioal oomposition snd biclogloal proper-

ties, The albumen solids sre composed chiefly of & mimture of protéins,




Table l. The Congtituents of Shell ﬁgg «

T | ‘ | Tompnott and
Comebituent Crulkshaxil Hitohell Romanofs
{1940) {10832) {(1s48)
Per cent ¥er cent _  Per cent

Blsll ‘ 1l 11,38 1243
Fhite 58 B7.87 . 55,8
Yole 31 80,84 31.90

Thole opg
%@’a%r ?Si’ 7 ?&Q 1 ?5 £
8 ﬁliéa 2@ > 5 ; 35 &Q 28 %
Orgunio - 2546
Protein w.& — 12.8
Yat 10.85 1144 11,8
Gaﬁ@hye%m@s — Qed L0
norgeanic 1.0 ) Qb v 0.8
¥hite 3@11&3 Ta8 ’ T8 -,
Yolk solids 18.4 i8.0 .

Table 8. The Chemleal Constliuents of Bpg White

| " Cruikshenk Fitohell
Gonsbituent (1940} (1832)
Per sent ; Per sent

Fater 8785 87.77

Golide 12416 12,238
Pat 008 0.08
Probein 10,0 -
Carbohydrate 0.38 0,50
keh 0,38 {482
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Small amounts of carbolydrate and minerals end traces of fab are also
present, Cruiksbank (1940) end Mitehell (19%2) reported the snalysis
of albumen, Their figures are summeriged in Table 2,

The gemerally recognized proteins in egg whibte are ovelbuming
ovormeliod, ovomiodn, oonalbumin, ovoglebulin, avidin, and lysosyme,
Table § summarlzes the resulis of s punber of investigations on the
protein gomposition of albumen.

The remsining white constituents are vibemins, minerals, and engymes,
’%m mutorials, because of theiyr low concentration in egg white,are
probably relatively unlmportant in its emileifying acbion,

The proximate analysis of ezg yolk has been reported by Hitchell
{1932) and Cruikehank (1040} (Tsble 4). DBurmesbter (1940) in his careful
exporiments showed that the molsture content of the yolk depsnded pertly
on the age of the egg when sualysed since water passes into the yolk
from the white until squilibrium is reached. |

Extensive investigations of the proteins of egg yolk have been
infrequent becsuse the seperstion end purifiecation of thege proteins is
complionted by the presence of 1lipid substenves, Thus far five proteins
have been lsolabved from yolkr vitellin, witellenin, livetin, phosvitin,
and vitellomiooid. ‘ﬁ‘mmv ie evidence that livetin, e water soluble
protedn, iz composed of more then one congbituent, Table § surmerizes

sertain deta on these proteins. From this teble it eppears that egg
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Table 3, Probeln ,ewsp@eﬂtim of Sﬁg{g Thite

Constituent Bain and Deutsgh Forsythe Others
(1947) (1949) |
Fer ocent Per cenk Per ocent

© Ovalbumin 6045% S4.9% o |
Ovemisold - BB Ll (&mwr and
0 iurrey, 194T)

ammm 15,0 085
; —_— © o Ludwex 7,0 (Romenoff snd Romanoff,
' ms
Lysozyme - B.dw 3,@**« {maamn, mm, and
Avidin - : - m%** {M&&wm~ m:,

*mwﬁwpmmme mly&ia
- #4Blonesay
wxulsolated

Teble 4. Chemioal Constituents of Bgg Yolk

T “WTehell  Cruiiabank
Constituent | { ma} (1940)

_Fer oent

Hater o 8,47 40,0
Solids o ‘ ' - _Bl.ss §1.0
Fat w%wﬁﬁ : 8146
'ﬁaﬂmw&m% o 0417 .

- Ash S ' .n 1.5
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Table 6,

Composition of Egg Yolk lipids

Constituent

fmount in yoik solide

Lipids
Glyoerides
Phospholipids
- lseithin
Cophalin
Sphingomyelin
Cholesterol .
Cerebyosides

Patly acids
Saturated

{Per oent)

64.8
40435
21,5
18,1
Bad
0s8
8.5
trades

8040
68,8

Compiled from the data of Okey (1648), Riemenachneider,
Ellie, and Titus {1958), Crulkshank (1940), end Remanefy

end Bomaneff (1949).
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vitellin, They nsmed the new protein vitellenin and the somplex lipoe
vitellenin, |

& watey soluble protein in yolk wes first examived by ?limr in
1908, He prepared lipovitellin by extrastion of salted yolk solution
and dilution of the protein seolubion, He then meidified the lipovitellin
mother liguor with seetic acid and ‘fimmy bolled the Wimsim. The
precipitated proteinacecus maberisl wms nemed livetin. Plimmer found
thet livetin conteined 0,11% phosphorus (as Pp0s) and vitellin 1.1%
phosphorus, Livetin was not muﬁ%&w m&mk at 0¥ ¢, (32° F.) end
differed from albumin in %’M; rospeot. |

Instead of boiling the lipoprotein supermatant to precipitate the
livetin, Kay and Marshall (1028) half-saturated the supernatant with
hate, These investigetore found that it wes possible o

préeciplitate the ;@rmm from water solution by the sdditlon of aleohol,
acetons, trichlorescetic seid, and other of the usual protein precipitants,
On the besis of elestrophoretie m&w&a Shepard and Hottle (1949) econw
oluded that livetin contained three components, dne of which they were
able o conceuntrate by sthanel ymwipi%ﬁm*

In 1938 (noe prepared a mmmwmm by precipitating livedin from
the sther-extreadbed, waber-solubls portion of yolk, He recovered the
protein from the supsrnatant by aloochol precipitation. The "vitellow
maooid” contained 10,1% gi&wb&mm and comprised 0,1% of the yolk (wet
bazis). .

Meohsm and Oleokt (1945) prepared & new dilute saltesoluble phos
phoprotein from yolk by preeipitation with HgS0,, ether extraction of
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Livetin i 2 water soluble protein deseribed by Xay and lMarshall
(1928) as a pseudoglobulin, It is insoluble in half-saturated ammonium
gaxly%mm; These workers cbserved that livetin m 8%ill scluble after
orolonged dialysis and at very low salt coneentrebions, It wae insoluble
| :‘m seburated sodium chloride solution and was preaipitated by bolling,
The vitellomwold of Onoe (1935) was soluble in 507 alechol and halfe
saturated mmmonium sulphabe but inscluble in 707 alechol, It wae nob

cagnlated by boiling, Thosvitin, sevording to Mecham and Oloott (1949),
was insoluble in weber bub soluble in dilube salt., The le sﬁhi:;z porbion
of the lipoprotein gomplex could not be remeved with ether but eoculd be
removed with alechol in the experiments of Osbornme and Cempbell (1900).

The solubilitles of the various white proteins has been reviewsd by
Forsythe (1949},

Ce The Emulsifying Properties of Liguid Whole Egg and
VWhole Egg Fractlions

Acoording to Berkman and Egloff (1941) the efficioncy of an emulsie
fler is often closely correleted with its ability to lower the inberfacial
tension bebween the dispersed phase and the dispersion wedium,., This
lowering of interfacisl tension is & vesult of sdsorption of the emulsiw
fying w@t in the boundary of oll and water. According to ﬁhwg authors,
the viscosity of the system playe no role in emlsion fermtim;"/hwwm
& high viscesiby in certelin sases \@y hinder the oconlescence of oil
particles thus lending stability te the emulsion. JAn emulsifler to be
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mtlmaa above iu arﬁar %o d&ﬁawﬁm which phyaiml or ahmiml !;mﬁw
. zwaﬁs have o m:jw iuflumm upon *t;his a‘hiiiﬁyn ﬁy far 'b%w gwaﬂmw |
mmm: of wmnmh has been wpar%& on i:iw influence mf various physionl
and ohnmim& &mamn% on 'f&he M&%ﬂi@w of whn’m um mé ite par*bm

% mig% be Mum& that the f«%am uhm& iaf‘ltmm& mmhiu'hy are

stant to *&m v:ﬁ-.!wx* mﬁw émiaify&n@ prmﬂha and tultim%ly to

‘%ﬁh@ ml#ify&ng ﬂ.’hil&ﬁw imlf&

probein mwﬁamﬁim snd has long been 'mmﬁ*ui » mesEure of slteretion
in the mﬁw mm Wa (1927) defined ammmm as & "ochange in
%w m’bml prmin mam%ay it mma mmluiﬁa :in w:&m*tm in which it
was Wavimml;y soluble,® Neurath, et als (19%3 m*m denaturation as
”ﬁxisr ﬁm%@w%miﬁm mm@&ﬁwhim of the unique structure of a m%iw‘
wmiﬁ. giving rise to definite changes in chemieal, ?hyﬂimz, or
biologioal myewmﬂ The importent factors mm:mem denaturation,
ascording to Neurath, M” are heat, pwaauw. fmmim;, 1rm3nhim,
&m mw, '-mrﬁo» fﬁtu&a, P, arm&a solvents, organie solutes, and
emmw; The i‘wﬁm&w 1%1:;' %;a be encountered dutﬁng the production of
an mlﬂﬁ%r from wmla egg are heat, frsaxing, surfnoce forces, am}

the effeotse ai’ nrgcmm wlwnﬁm &0 wdditional fmctor Important in spray
dried ogs iuvﬁm ahmami‘ ohange ocourring during storage, The dise
oussion of ﬂ%lﬂ%ﬂk&ﬁy below will include & discussion of vissosity
ghanges mﬂwmmw of ammﬁmi, at’m@ {hese phenomena are direotly
related to solubility.
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or diluted ovalbumin cecurred during heating up to & temperature of
100° ¢, (212° ¥.) for four minutes, Banoroft and Rutsler (1931) noted
%m dextrose in suffiecient concentration ocould retard the denaturation
of egg white.

These observations bescome importect when applied to processes to
which eggs might be subjected such as pesteurisation and spray drying.
Payewnl, lowe, and Stewart {1946) applied their data on the effest of
hest on the denmamturation of liquid egg pulp to the pasteurization of
oges. Brooks end Hawthorne (1943) found that the addition of 104 susrose,

| laotose, or dextrin prior to drying hed no apprecisble effeet on the
initinl solubility of the powders., OStewart, Pest, and Lowe (1943) and
~ Babte~Smith end Hawthorne (1946) observed that aeidifieation of liguid
| ogg befors spray drying incressed the initial solubility of the dried
product to & emell exbent over that of the usacidified egg.

The produckion of e spray dried egp powder with good solubility ls,
of course, lmportant; however, the retention of this solubility during
storage is squally important. This retention of solubility is also s
problem sinse logs of the solubility of spray dried egyg powders may be
rapld if the oconditions of production and storage are not carefully
chosen, Hawbthorne (1943) found that low moisture powders {less than
2.5/ moisture) rebained their solubility during storsge betiter than
powders sontaining higher emounts of weter, White end Thistle {(1943)
Blgo observed the higher stability of low molsture spray dried egg and
warned that a sprey dried egg wust be rapidly cooled after dryling in

order to prevent a rapid loss of solubility. Brooks and Hawbhorns (1943)
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Table 7. ﬁml&ifymg Powers of I%gg Traotions
‘ (smm, msm, and Kmmow, 1%5)

Lot Ermlsifier ‘Consistency

, . 3 (800,)

1. Sulted yolk . Yone 15

B Beemnstituted yolk - None ‘ - 114

8. lecithosprobein and Hone , $004
ogy oil - L o : ‘

4 lecithoeprotein and HNone 9004
ootbonseed oil o : . A

8. Same aa 4 1.8 pos. vephalin 295

6.0 pos, leolthin 20
2.0 gma, mumwm 9004
648 gms, fot - ~ . %004
8.0 gms. pigment ‘ 9004

s 3 as




peduege Buplap Luaxds guyy pepnjouce Leyy *seypjaedoxd Supddyym peacaduy P
...ﬁﬁﬁa gﬁﬁ&&a ¥ peuruyqe puv F3e etoym peyap Lfuxds woay ey wﬁ %
sucs pegoessxe feyy *3Fe sTous petap aﬁaa Jo uoygxed Suyuyemes eyl Jo
pus sprdiTeudsoyd Jupurwiuce 710 39s o sergaedoad Pupddium eun -
WPTUCTURUS IUTTHTE ¥ POYOU (ZP6T) UATHE-eQVg PV fouADUYREY D TUUeG

; | | sgutegoxdodry pus aﬁ%&@ oG

hﬂ%ﬁa& sxen o yeredesd .&wﬁ uy sepdioupad wﬁgﬁnﬁﬁ ﬁgg

oy fuoTgeOTITeTIIS U3 VAT suegzaequy ATwngee of saueuTaedxe 10391

ous uT OUS Gdes WITEYdeD PUS WIYITOST e0uTs puw ARTTTAY IwEAFySTmES

ou paﬁﬁw peig .ﬁa&%ﬁ% pus uawg@% wwa “vy0 980 s ﬁﬁ penous
saewoedy pue ‘ussin fyreug suewrxsdxe gﬁvﬁm up sougg .ﬁﬁa w@a e
‘gprdryovdscud eeuy, 333@% aTauTes Jequn ‘ga&g&%ﬁ Jo sangxIw w,,
Lyqeqoad s snxy STE0ad=oyato0T, Jroyy  *juesesd Lrosgoad sum TR
“I991 saprseq ﬁmﬁﬁaﬁﬁ ,»%% GUS GEAT §9 WOTSTERW Wy Cpeogaad
ueeq Py UCTHOBIINS JogEM OU gﬁm ﬁﬁgﬁeﬁp pue aﬁﬁyﬁﬁ *ﬁaﬁﬁ
f gupegoead ﬂmmﬁﬁw %ﬁﬁ #us suesead osrw GJe %&ﬁ “xrof 98¢ jo gﬁsg%

=~OUITOeT, ous t#@ﬁ»cﬁ agﬁggﬁﬁw ﬁggﬁio; e XTeus h&, wgg&um% i

exgn 110 ﬁﬁﬁaﬁ%ﬁ%ﬁ SO Y m@&ﬁﬁ uﬁa ﬁxﬁawm éw ﬁnﬁmﬁ
suog ﬁﬁ, 3“%%& ®T 51 Aﬁﬁ ﬁ?g pue wORINDTY mﬁ@ﬁ &«%&ﬁc ;
ta261 sﬁé pus Acearep “gﬁ ﬁaﬁgg pus SuI0q8(). gﬁaﬁﬁ?ﬁ
awﬁﬁ. An @eﬁﬁﬁ »%ﬁﬁ%ﬁ@ ﬁgﬁﬁmﬁﬁ . ﬁﬁ& WIUREOST ezom
POUTBAVOO %.m#ﬁ&m&m ﬁmagggéﬁﬁgme sy .ﬁﬁgﬁm 0 »aﬁﬁv«ﬁﬁa
“sprdyoudsoyd Futpnresy 30U 3uz PETOs oug 87 quBTe 10T Jo ,48F,



teanpeonsd oTHYq B pOULT

~gno {GEET) SA0ITTY  *aeryrsTwue pue ‘reBeuta *eeoids faxuing farms ey Jo
SINGXTM B 04 110 oyy Furppv Aq pRUIO] ST UOTHTNENS SUY DOURGW DUOLOE SUS UL
*guorsTEe eTqegsun ‘upyn Jo uorsnrudead syl o% peytns aseq mT puw Lronoe
~uelTrRTe sjuerpeaduy 11w eswiodioony ¢4 uvotrgow Fuyneuys oTdwure ¥ SLATOA
-ut *(p26er) sywey pue ueatop dq pelordus jeyy O0f JBTIWTS fpoipew §8JLT

ST CUUOTATNNS JPYBMSUT~TTO SULER J0J SPOUASU UCGUWOD OMG 8I8 SJoyy

FUDT S 100 JBGBMmUT1{0 SULHWH J0j Sp0UReR °Z

*gauenoduos FJe

erousm 9uys Jo guegsodur gsow yy eg oy wess prnos ¥%e evoym Jo uwoigsod @ﬁ%

~UOT ey3 uoT4eiTaseant srug Jo sesodand euy Joz vy TAyrirae Fuplite

~Tone ssessod osyw sujeqoad egpum 3By rumo areyd Jo Agprrae Fuplypervme

ewon sgossed Lfoun yPnoUl UAA® UOTYIEOLITITYES YL LTM SI8IIGIUT OF WS

gpidytoudsond ouyy puv [oasyretroys *muregoxdodrr pue surenosd eyy Buows are
Aqrod B3e go syuewodwoo Pupdypermume pedpourad eyy gway sausddw ar

+38%e opoun uy

A0308F FuqIyur-weeg ouos pesvored Juplap Leads qeuy pegmeTpu STU

sgoygne ey of Burpacooy *Jegem Jo gunowrs guorwarnbe we Jo wOILTpDE

oyg weyg edow segguedoad Jupddium e,ae399y eys peonpes Fle yeeay oy 9%e

erouys petap Aexds awinBes jJo UGILTPPS SUY VUG PWNOZ (Q¥GT) PusoygMEy

pue syoogg pesoedxe eq Hudin sgooyre eseyl Jo dIYEUOTSUIEd 28070

B SUTEY JO GOT4WNIOF oyg of jaud uy eguied serguedoad Fuririervwe pue

sergsedoad Fupddyys ygoq ooutg Jounum {ejuenyIgep ewos uy eppdyr eun

*i2



Jo eouwzeysex oy *(serorsred 150 oug %w UGTFULTIGELD ﬁn,m», oy Aq 20 weaw
souzaequT Je4WH/TT0 ouy Aq peanswem) 130 Jo worsaedstp Jo eeaSep euy ‘slwn
eoayy 98¥eT 3% U peutyep eq Luu wopsestsisyiMe Jo Louetorize oy

ToTAeoTT 5 TS 50 NoueToTIIe Jo FAser g

| *postpaapuve ATTNGedR0 89 03 6A%Y PLvOA
SROTITSTTIS uesmgeq UoElIeduoo PITRA W OpTa0ad 04 JepIo UL eavpecosd oY
*quemtiedxe ITnoT4aed 0Uy Jo EPUOR GUY JFUS 0 PUTLSep 6q of sawy pLIOA
Aq7119e Surhyrerome Jo 4eeq @ “enuy foxnpesodd Jo #1regep ey wodn gued
ug @ﬁﬁﬂ%@@ ST UOTRWOTITSTINS Jo AOURTOTJFe OUS JUGY JUSPTAS BT 3T
*3073T9T0 oyy Jo uped nejgUInuee suy Aq Fesanoo Jo fpergEil e eamyy
~aedueq wamyydo oyj *eajyoezze eacu Alpessued et ﬁagﬁwﬂﬁga «wa@vu
eangureduong €8 JUUA PO3URs (Lpal) Moy eougaequy ey g8 juelv Surdy
~jormue euy Jo uopydiospe JoJ euTH MOTLY of Awwsseveu sy Supxim jueggiu
«2e9ur quyy peuteidve (gggr) wogdery *£TeATESE0XS 97 eRUTTR TTIA Jejem
yoraa 0oy Qﬁ&gx tArrews aeprrsyime oyy sgeiodacouy o4 juesesd edngsyow
JEOTOTIFNE 8 Enm edsyp *jouposd WL eys Jo A97Twnd ey sroajuoo
‘ed03TTy 03 Fupaooow flerdegwn FurpAwds ey Jo UoTITpUDS TeoTsAyd ey
| | | sasBeuta ey go 380x euy £q PMOTIOF IO oUA
3o 480 ey3 weyy JeeUrA eow eyl POpPE BT TY0 9UF JO FTWH R
*powsssouy ueYyy §F WIITPPN Jo 038X 6Yy WMoy 03 surdeq
uoYSTWIe Su3 TT4Un AMoTs pue A[jueqqyuiequ} pepps SY 110 3
| *A7ySnodouy aoyyedos pextm exm
aedeura go qunows [WNS @ puv ‘eestds “gTes ‘awdne figed 83g o1

‘22



oy Jelunyd eyy JoJ pearnbes ey eyl *peansusi oq o3 TYNIeIWR SU3 UHTA
POTITS oqug Teotades ¥ ynodys [[e) of epww sua gylyem umom| Jo eBunyd
B qeqemoTyqon, oyl Jo wizesedo uy teueiernne 4803 areys Jo Lypeos
«~STA Sy ednewewl 0% {GREY) sasuwety puv fuesyy *iieug Lq pelordwe swm g1
*fagsnpur guivd euy uy pesn ATepia uesq eBy 3G (,JeEWOTTQOW, ¥ PETTUD)
“garoTgaed

Joqemo0sTa ¥ pedoTessp (L261) yjodedonel vea PUB JeUpIep

110 oy} Jo UOIRnGId4eTP 9aje oyy BUpUjKIesep JOJ SUSYPS TEOTAVESUHEN ©

poatxep oy *eswyd Jurguentpes eug Jo yIyey eyy puw uoijwmkouy etyy Jupsp

*frreorydeadosoyd peplovsd wely esem uoisTwae Fupswredes eys Jo serguedoad

Qurseggeos JyIyy eyy “uopyusedes uesswy 03 sSuojelnwe OTgERs pogn{Ip

(Se61) wwegy *sesTs epopRaed Tro Jo junos ojdoososolm 300450 ® pegsed

~3ne (2261) puvaqepiiy pus ¢ asm.ﬁm forupd  “A9TTIO9as JO eanswew W JoJ

Fupweeas Jo HUNOWS SUL PESH €F  TBINGY Jnof-fnuesy pUELs of §7 PemoTTes pus

*sgepurydo pegenpuad ogut 37 peanod fuOTSTIIS PeFNTIP SYR Yoous ‘Leqmm Jo
jydvem yunbe uw Yyua espwmmelew yo eTduvs B peguiip (9861) ex0lryy

*(£37TTqEas) SOTQSTI0908IBYO UOTNTINS JOo ewld yjim sefuwyo ey Jo

g3een pun {*039 ‘serorsdud 110 JO UOI4NQIARSTD 6T1R FROIR SUBIIEqUT Jenwa

/Tt0 ‘L3pso0spA) woysTnEe suj Jo 8438 TeISTUT oYy UO AGBEY *gorsoegwo
Teieued omg ojUT TTEF UOTIFERTITSIVNG Jo ADUSTOTJFe SUt JO 8469

*and eq

0% ST UOTSTUM® Oy} yOTUM 0% esn syy wodn spusdep uwesous sy Loustorzye Jo

wotsTULFep yorun *{Jedwy asgen v Jo eousaweddw eyy) Bupmwesxo oy upternue

BY3 JO SOUBLSIHEN oYy pum ‘sdodp 1T0 JO @OUSDELTEOD YY) 04 UOTETHUS BYY

*ee



Jo eanwvell @ @a¥3 BLUL TOINLIOU JO JUNOWS OyY J0J pOEATEUB puUw wWoljoq
oU3 WOAJ poasmod sam Jonbyre uW ewry v Aeggy  ‘ednjeredusy S3TULIOD ¥ 4%
pPes0ge pue HOTSTWEe 3803 UL ULIA POTTIS swh mungexewddw eyy *wpoo dojs v

QTS PERTS B q[ng oUl *PUS U0 WO UOTFUESXS NOqIng ¥ YLTM Jepuptio

8913 v Jo BurgeIsuce #uTARD v pexitsep osle sgeuveg ArITqaels Ay
Jo eaungvew @ 89 posn og seswyd ouy Jo uorgwandes oy pesynbea euwrg eun
pue pedngraguen ©q uesInWe Y3 39us PesselZns oy  Tewid YAIA ATTIqWRE
Jo eanswen B Surupelqo JoJ spoygew omg pegeeding (L¥6T) @aﬁﬁ%
*SUOTRTPUOS TUEOTITAAR Jepun ATTTqUGE SOInsvOU WXy JO poysenm eus a&m,ﬁ
anq eTduTs oq 0% Wess PTUORK POURAU ,030TTTH  *3809897 oqn Arqeqead wmesg
pUB JSUSUSY JO POURSI S DUV SHBANDOR JROW 6L og PINOA JUNOD ﬁmgmugwﬁ
g00aTp eyg ‘senis doap 10 Jo gﬁa&»ﬁ% oy aUHdegep 04 pesn w%ﬁ%
oy Jo  *Tto Jo uwotsaedsip Jo edadep oyy uITA pegurerdoo &1 Argwansexd
eanswel STUL *AYTS008TA TBIRTUL JO UOTHUUTHIBGOp Oyl €7 SnoTpes 38wl pue
prdes geom oyy ‘Aoustorrie woreTuie FuUTANWsW JOJ SPOUGEHR B8SUY JO
*uotsTome euy Bug
~GANGELTP GNOURTA ATSNONUIGUCD SNBA STUY POINSWOU 00TASD ITeU] gwﬁﬁw ,
Surpuwess e Jo gaed aeddn ey Jo Anpeusp gueandde ey o oFuwge Jo egwd sus
JO UOT3EALSQ0 WOAF PAATIEP UOTRWINOTSS TwojyEuewyw v Ag seeigaed 1o
843 JO WOTINGTILETD SITE oYY POUTURNLep [PEET) WINGg DUS JOWSBIY
Lfapatqpenes Jeqeexd pue o380 Putnw
=xodo se3wead Furpracad sgmowescrdwy JoUTH POsTLep (6ZS6T) HOTWIINOSG puUY

Loxn *£919008TA YL JO aqNFWOR B 9V UslY] sen gmg ueArd B Tesnsy

5



potpmas (gpa1) Aeyooq puv sxedy ‘eaws 3wexd UITA pOTPUSY 6q JETI sRUeA
~T08 Xeuge oyz *Agrriquemier) snoxeSuwep v gsepsod euonesw puw deyze thyse
epIun ferquuuvievon ATTOLIUSSES 618 SDTIOTUOBALNY UOQIBd pUB *WIOFOICTUL

! SUOTAUN VOISR, qhﬁ,&ugoﬁg@ pesoacoes 9 prred deys _m.,.m RAT3TqLYead By

90U PINOM S3USATOS peotad xeudTy eyy Jo euos Jo #sn oy ‘*seofad Agrguenh
uesIno Jpeys puwe serjzedoxd apeus Jo mey v yITM TuOT® g o1qEl U pensIy oxe
pexepisuco Aryexeusd syuestes syy Jo emog “A3TTIqUrTeAs pus ‘Supipuey uy
@OUSTUBAUDD ©SPINAVY YITveY fgauengrasuoe 286 wo goezze flowetoriye feopad
FurpuIour PUTW W SUCTLBISPLEUOD TBAGASE ULTA POJOSTOS OQ ETH JUGATOS OuY
‘33e oroun 03 seecoad vOTYOBIWS QUSATOS Suy Jo uotgeotydde ewy ur
*uptgexedo TRTIGONPUT UCUHIOS ¥ MOU 9T
pue suveqfos oy peprdde umesq *Jessmoy fevy 4y ‘*uoygexedo euy Jo esuedue
g upegene 04 ydnoue wead useq jou swy sgonposd 3& Jo anTas o esueosny
$93e erqrpeur oy porrdde ATepra useq 0U Y UOTHUVIGNE JueATOg

BOTHORRGXY JUSATOS g

FRTNOTIIID FHUBWAATIEVEN YONE JISPUST PINOMN gwﬁge

@wmﬁ uw JOo UOTSTPUOD erQunsun Tonsn syl pow ‘dog oy uo sasdler TIo wa
eouwvanaddy oyy fuorernue oyl Jo wWogjoq eug wo syefer Jegwm Yo eowwanedde
ey3 qwug faesomoy ‘pegoedeme 8T g *sjuswednswen LTTTQYES 07 SUTY Jo
BPBALELUT 4% DOEN of OSTB S8AN00 Jo PINes Lirsoders JO %waﬁmg%% aus
PUS $IUGHEINSPAU TOTINGTIASTD OFTS STOTIBA UL *SUOTETIWS JOUNTYY YRR
Supweolo jo eguy Jo eanswew pwotstduwe uw on Lraveatp pegdwepu eq prnoo
94049 POqLI08ep ($Z61) Wwesy puv Jewessy Jo pouAew eyl *A3TTTqERS oy

*agy



25b,

Teble 8. %m; Dats on Gommon Xzzdmtriul Solvents

lem*ﬁ .

point

&b& /g&lf‘ Boiling” mw.my" Toxieity®
(flash pb.) .

Current®
price

Hoxane | ’ .8
- Isowpropyl ether 8.1
. Hethyl eloohol 6,6

Carbon tetre=
ehloride

hestone 6.6

Trichloroethylene 12.2

Chloreform 12,8

Ethyl acetebe 7.5
Bthyl alochol 848

18.8

ﬁgia g 49

- ez-83° ¢,

86.0° ¢,

14,8° ¢,

86,1° ¢

T4.77° ©.

78.5° C,

& 8.5% ¢,

56-66° Gy =17° €4

Ronsofdasmy .
€1.8° ¢, Tot emsily
' £lam,

«2° ¢,

#12° ¢,

H14ly

Highly

Milaly

Very
- mildly

Toxie

Torie

Honwtoxie

mimxy

$ .17/gal,
$ ,51/gals
$ .49/gel.
81,06 /eal.

$ .68/gal.

$1.22/kel.

$1,35/za14
%3«»35/%&1&

Sggleulated from lenge's ﬁmmmz of Chemistry (1946),

Yy ehmenn end Flury (1948),
Coaloulated from Chem, snd Hng. News (1950, 1951).
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product contains sbout 207 salt as & preservative, Tanner's egy is used
principally for fat-liguoring suede and white leathers and uppers,

Herrill (1928) observed that leethers lubricated with an egg yolk
fat-liguor weye almost dry In the center with more pil sbsorption cecurring
on the flesh side than on the skin side. This is a very desiveble cone
dibion lending sbrength snd gﬁw to the leather, Wilson {1927) steted
thet fate~liquors mwet gﬁ an intermediate ermlsifying ability. He obe
served that when the oil was oo ﬁww dispersed, the particles penetreted
into the interior of the leather; and when the emulsion was too unsteble,
the oil deposited on the surface of the lsather resulting in o dark and
wmeven m?gy Thus the emulsifying ebility of a fat-liquor emulsifier is
oritical and wust not 'vary outside of 4 fairly navrow range. Unfortunately

- the aﬁ»ﬁwﬁwg ability of egggw.&ﬂ aveilable "Tanner's yolk" usually

4«.&% ‘beyond the accepbable limits and it has thus found mwamﬁ.@a in the
wﬁmﬁn&uﬁ. ﬁz@ isolation and stendardization of the emulsifying prineiple
in whole egg %Ewm serve to improve this situation,

Bermett (1947) mgaagw sevsral other products in ﬁg% the ﬁ%wwwi
&ﬁﬁm Dower % eggs is oy might be used, ;ﬁﬁﬁg anmong thenm were m@w?

culbural sprays, cosmetics, mayonnaise, _sww% &&% ing, lasquer emilsions,

A mediocal ermlsions » 8nd peint emilsions. The emmlsifier products for soms
of these uses would have to be produced from edible eggs, In addition
4% is probable that en edible emmlsifier that would Pind use in the baking

industry eould be produced from fresh whole epgs.
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Fig.l| Schematic Diagram of Laboratory Spray Drier
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Side Arm for

Extractions
at 18°C.to 2I1° C,
(65°F. to 70°F.)

Side Arm for
Extractions
at 71°C.to 77°C.

(I60°F. to 171 °F,)

Ground Glass
Joint "‘

Oil Bath.

31b,

/Condenser

Ground Glass
Joint

_—Thermocouple

| —Extraction
Filter Bag

Solvent

Fig.2 Soxhiet Extraction Flask(l.2 liters cap.)

with special side arm for Extractions at
18° C.to 2I1° C. (65°F. to 7TO0°F.)
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5,

fying best involved making them up to the same gomposition with respect
to these ingredients, Com oil was added %o meke the fat/non~fatesolids
" ratio 1,2 to 1 (this is somewhat greater than the ususl fat/hon-fatesolids
ratio of fresh whole age). Vater wae added to nake the §.§w\w§t§¢z
solide ratic 8.1 to 1, Sodium chloride and suoross weve also sdded Yo
make the ?ﬁ\waﬂzﬁgﬁéwﬁa ratioc 0,22 to 1 and the suorose/monefate
soltde ratio 0.81 0 1. Thus ell egg materials regsrdless of the method
of preparation weve meds up to tho same composition before the test, The
enly difforences smong the emulsifiers were in the physical stete end

in some oases the gaw.«w.«% of the non-fat-solids and in the »mwﬁ“wg of
the lipids. With this procedurs all m@gﬁﬁn were tested under
exaobly .«w& sane a%&g%? The detailed procedure for preparation of
the egg fractions for emilsifying is desoribed below,

Dey preperabions, A quantity of the dry egg frection sufficient

o make the five best emlsicns was weighed out and transferred to a
mixing bowl (Hsbarbt "Kitohendid, model 4%)s On the basis of analyticsl
dete appropriste quantities of the other emulsifier compunents were
measured out to melke up the following retios: |
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Table 9. Formulse for the Test BEmulsgions

“Veight of 506 ‘ - Wiater solution
BPS emulii~ acstie 0118 of HaCl, Suorose,
& fier  seld m)*  (ml) and Avetie Actd (ml,)®
0.7 16,8 0.3 3%0 8,0
1.4 82,86 0 0.7 324 76,8
2y 48,8 1.0 318 685
BB 81.5 S P 4 808 45.8
. 4B 878 2.1 . 298 35,1
&8 114.2 ‘ 244 293 24,7

5.6 lmq@ £.8 287 : 14,3

ﬁmﬂeﬁ during the third oil aaamm,.
Daaded in fourbeen sdditicns (Tsble 18, &zapcmﬁix)*

%4dded 1n four additions (Tehle 18, azzm&x}, The solubion
was made up to the ﬁ’ellwing mtﬁsm:

Mgl . .07
ol = 0,07

Suerose ﬂ; 10.

Loy




3%ec.

Table 10. Procedure for Making Bmulsion

T Fime
(minntes~
8evonds)
0800 Bmuleifier prepared,
0115 Hlx oil addition 1.» (speed 72).
0230 Tosk,
014B Hax oil addition 2, {speed 42},
116@ Rﬁﬂ’i’i*
1115 Mix oil uddition 5. {(speed #2). Add wootic avid
{eoluwan 8, Table 10).
1230 Hest.
1348 Mx oil eddition 4, (speed 72).
2448 Rest, Sorape down bowl and mixing blade,
5100 ¥ix solution addibion l.#* {speed #1),
3418 Rosts
§:30 to Wiz oil) additions § o 10 with 15 mwn& reat
6200 periods betwsen additions, {speed 1),
6415 Hesta ;
6150 Mix solution addition 2. (spesd #1).
G486 . Best,
7500 to Mix oi) additions 11 snd 12 with 15 seeond rest
7148 . periods between additions, {spaeei #1)s
8300 %B‘km :
. Balb Mix solution addition 3. (speed #1),
8180 Hoet,
8445 Mz oil addition 13, {speed #1).
93100 Bt
9180 Hx oll sddition 1&. (speed 1),
10430 Best. Sevape down bowl and pixing blade,
11:00

Wx golution addition &

#Soo Table 18, Appendix, for the volumes of the fourtwen additions.
The total volume of ol is given in Teble 6.

ssBge Table 19, Appondix, for the volumes of the four sdditions,

Lotel volume of this solublen s given in Teble 9.
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addition of the water solution of ¥all, suercse, and scetic soid wng made,
In all other respects the procedures were exaoctly the same, The formulas

for this procedurs are given in Tables 20 snd 21, Appendix,

8¢« Observations meds on the sompleted tesh emmlsions

The viscosity, sverapge oil drop diameber, and stabilliby were deterw
mined on the cumpleted emlsion, A disoussion of the relatiomehip of these
three oriteria mey be found in Seotion A, Results snd Discussion,

as Oil drop sisze, These chaervations were made during the investie
gation of the emlsifying ability of egg fractions (Section 4, Results and
Diseussion) in order to establish the reletionship between oil drop size
and viscosity. Tmmedistely afber the emnlsion was made, three ml. were
got aslde in & stoppered fen ml, beaker for ten minutes, At the end of
this period just enough mmterial wes removed from benesth the surface of
the emaulsion to cover the stage of & specially-prepared ma@aeﬁ‘e%g?
{The two horigzental ms@@mﬁa of the cell weve ground down so that the
sover glags lay 0,04 mm, sbove the stage instesd of the usuel 0.1 mm.).

4 cover slip of the bype used for the Howard mold counting cell was then
pressed firmly sgainst the oell supports, care being taken not to come
press the emilsion beyond the 0.04 wm, thiockness. With the aid of a
microscope equipped with a Whipple syeplece, the number of oil drops per
field (at 100 diamebers) was then counted, using that fraction of & fleld
in which & eount of 100 to 200 drops was secured. PFive mounts were msde
from sach test emulsion, EBach mount was gounted onse, It wes assumed

that the number of drops per specified ares varied inversely with the
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I¥, FHEBULTS AND DISCUSSTION

&, Test of Brmulsifying Ability

1. Bffeet of lnovess

concentration of the emalelfier on the vieecsity
of the test emulsion ; ‘

Ae the gonsentration of the emulsifier in the emulsion was inoreased,
the viscosity of the Qﬁw&aﬁ« inorensed ag well, Figure & illustvatbes
this effeot for one smulsifier. The emulsifying sbility of eagh emlsifier
my be represented by the positionof s sinmilar line on & graph, the line
becoming more nearly vertical (from point 0,0) with materials having a
greater sbility to emalsify, The emlsifying sbility of two different
emalsifiers mey be compered by s visual exsminetion of the difference bew
twwen the positions of such lines or by soow measuremsnt taken from them
thet will reflsob this position. Such & measurement mey serve as an emlsie
fying index by which the emulsifying ability of the egg fractions can be
comparaed,

It wns noted upon examinstion of the data of this study thet the
emuleifier apperently reached ?ﬁa particular concentration wga which
the rabe of ingresse of emulsification wes very mich greater. In many
oases the appsarance of ineyveased emulsilication cecurred over a fairly
brosd menge, while in other oesses, this range was narrows. In elther dase
after this point was resched, {such as polnt P, Mgure 4), the increese in
viscosity became rapid with an inorease in concentration, This "oritioanl
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poncentration® 1s n oheracteristio of the emuleifying ebility of the vars
ious egg fracbions, and thus can be used to measure this ebility,

1% appears that the eritical songentration can be satisfactorily
represented by & mesmsurement on the X sxis of the point at which the plot
of viscosity versus nonefatesolids curves most sharplys that is, the point
at which the rabe of change of the bangent to the surve is grestest. The
porbtion of the curve lmmedistely ndjacent to this p.ainﬁ of meximum ourve
sture closely approximabes en egquilesterel hyperbole having the X end ¥
axes as asymptotes, The point of maximum curveturs of an equilateral
hyperbola with these asymptobes is represented by the tangent to the
curve drawn et an engle of 45%, Thus a 45° bengent drewn to the plots of
vizooslity versus nonsfat-solids provides an approximets measure of the
point of meximum curvetuve snd thus of the oritical concentration,

Figure 4 ummw & eomparison of two materials of different emulsiw
fying ability, Curve A evidently represents o preperetion whioh has an
emulsifying ebility gremter than that of the preparation represented by
Curve B, Tangents to the ourves were dyawn at an angle of 45° and vertical
lines were drawn through the point of tengeney to the X exis, The oritiecal
goncentretion of preparetion A is measursd as 1.97% nonefatesolids end
that of preparation B, 3.43f non-fat-golide, To convert these figures
to emulsifying index, the following formuls wme used:

BEI & 10(20C).

Where:BI & Bmulsifying index.
§ » Critioal conocentyation,

Thus EI equals 5043 for emulsifier A end 66,7 for emulsifier B, It was
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the emulsifying sbility of whole egg. The freesing experiments, since
the effect of esch treatment was debtermined by three replications, were
treated in o sbtatistical manner.

L %@mﬁwi‘hﬂm of the emulsifying test. The veproducibility

tosts wore performed on a large amount of fresh egp yolke prepared es
deseribed. & total of twenty bests were performed in a randomized order
ot four egg yolk concentvations., The yolk was stored at 1° ¢, (34° »,)
during the two overnight periods until the tests were oompleted, The
shaded ares betwsen the lines of Pigure § ineludes the extremes of all
data, This erea vepresents the reprodusibility of the tesbt itself and
mey be used to make e visusl comparison between two lines representing
the enmlsifying sbility of twe emnlsifiers. The exbremss of emulsifying
‘index are 80.8 and 58,1 the difference between them being 2.7+ It wounld
thus appear that two emulsifiers whose emulsifying indices differ more
than 5.0 (vhen tested under thess econditioms) probably differ in thelir
emulsifying ability.

b, Reproducibility of reecnsbtitubion of dried powlers. Five samples

of spray dried whole ozp were resomstibtuted (according to Seetion Dwlea,
ermnmi %awﬁuf#} within two days of esoh vther and tested for
emuleifying ébiliﬂay, Four concentretions were employed i-“w esch sample,
The results are Lllustrated in Figure 6. Visually the resulis were
similay to those of Flgure 5. The smuleifying index interval wes 1.5
(6642 » 64.9) oompared with 2,7 for test reprodueibilityy thus the
standardization of the reconstitution prosedure wes eonsidered adeguate.
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Fig. 6 Reproducibility- Reconstitution of Spray
Dried Whole Egg Powder.
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Fig. 7 Reproducibility- Reconstitution of Spray
Dried Whole Egg over Period of 70 Days.
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Ity of the emulelon under different oonditions (dilubion, autoslaving, sentri-
fugation, wtanding at constant tempersture, freesing, ebte.) and size distrie
bution of the dispersed oil drope, 411 of these nethods heve been employved

in previous gtudies u,g& choloe depending on the use to which the results of

' the study were %o be put; e.E., size distribubion of the oil drops would probe
ably be important in fateliguor emilejons (in the leather industry), stability
under 3@%&% oonditions ﬁeﬁ@ be gﬁmwﬁa in meyonineise s§w&§f and both
visoosiby and stability would be imporbant in ?wﬁﬁ aﬁ?ﬁ.wg?

S It s ‘evident that some correletion exisbts between these oriteria, Fig~
ure 8 11lustrates the typieal relstionship between the viseosity of emulsions
made from two emilsifiers and the number of oil drops per misroscope fisld
{an approximate aﬁgﬁnﬁ of the aversge agﬁw | Within auy one ennleifier
thers was & muwﬁwgaﬁﬁg relationship between these two gﬁg?ﬁﬁg;

" but & relationship wes not evidens among different emulsifisrs, Figure O
illustrates o similer relationship between number of oil drops and vissosity,
‘Tuere sgain s correlaticn was evident within sny one prepareticn but wes nob

' spplicable aﬁau@wg preparations, The same @@gﬁw@ %ﬁ@ﬁg vigw

 gosity snd stebility.

It may be seen that comolusions drawn from any one of these oriteria may
differ from conclusioms drewn from the other two, Since the possible oriteria
" ‘e many, a cholce must be made of one beosuse of cbvious limitations of tims
end materisls and the desirebility of carrying out & meximum number of tests,
The oriterion which allows the greatest number of gg to be tested is vis-
‘gosity; end sinee none of these ﬁwga? have any ?ﬁa@ﬁg &ggma over
the others with respset to the industrial @%w»ﬁgg of sonclusions drawn
from them, viscosity wes employed to measure the effivilency of emmlsifiscation
in the test emulsions. B
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This visoosity meesurement is influenced by the emilsifying ebility and
the inibial viscosity of the emlsifier. Tais initisl emlsifier viecosity
" varied widely beooming mich grester under sonditions that would be expeted

to densbure proteins, It s evident that as the agﬁﬁﬁgg of the emils
;_aw%wmm inorenses (Table 9), its properties have a greater influsnge on the

o mgw gﬁwwgt 4 slose 3@&%&@ was observed between the initial vie-

agw@% of the emuleifier and the. wgw viscosity of the a@»s&aﬁa made from
ghems thevefors, the final gma%ﬁw messurensnts were %%95@ wgwgﬁ

" esbimates of the initial viscoslty of the emulsifier as well as messures of

the emlsifying ability of the egg prepevabions. The differences in vise
agwg smong the emulsions thus do not necessarily refleot differences only
' in emulsifying sbility, Upon eriticsl eveluation of the date obteined in

| these experiments, it appears thet this ability would be more acourstely

| %ﬂgwx& g measurements of the sise distribubion of the dispersed oil
@wagﬁ or of ﬁﬁ stability of the %ﬁwmwaﬂ*

In &amg.% .ﬁg; effoot of freezing end frozen wﬁ% on the emlsifying

. ability of natural vhole egg, the emuleifier was made up to & high ratio of

sﬁgm, $o gﬁ;@&é@ww&a ﬁ?w to 1) Lﬁ.w a&% tests were maa?um&a on emule

, uaﬁ&% wg& wers »3% up g 8 weﬁw @ﬁ.»a ,A.?w g 1) (see uo%wg ont Exw

perimental Procedure), Although no comparisons were mede between these two
types of tests, it 3» desirable to ggﬁa ﬁ@@wgu,% not conslusione
drawn from each had the same a,ag@,m. _

Extracted whole egg powder (using trichlorcethylene at 71°% ¢, to &a ¢y)

- was divided into bwo parte. Helf was reconstituted to the 6.2 %o L ratioc end
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Fig. 10 The Relation between Low and High
Water/non-fat-solids Ratio Fomulae.
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Table 11. Effect of Succeasive Plunges of the
Mobilemeber Dise on Bmulsion Viscesity

Meteriel — Emulsion viscosiby Material

'ﬁm&%& ion vﬁ:aawiﬁy

Presh ogp 130 Freeh whole
yolk 151.8 oLL
o 122.0
125.7
119.0
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SPRAY DRIED |V

WHOLE EGGS |(PREP.D

EXTRACTED WITH ETHER
AT 0°C (32°F)

RESIDUE EXTRAGT
ETH. REMOVED|UNDER
X VACUUM AT. R|TE MP.
ETHER INSOLUBLE]| . ETHER SOLUBLE
PORTION (PREP. 2) (PREP. 4) PORTION
EXTRACTED ONGE WITH DISSOLVED| WITH
WATER AT ROOM TEMP. ggEE;/OL. I?gETONE
FILTERED ADDED IN | EXGESS.
FILTRATE COOLED |TO-17°C
(1°F). DEGANTED &
RESIDUE SPRAY FILTERED.
. DRIED
WATER INSOLUBLE | _ WATER SOLUBLE
PORTION (PREP.3)(PREP.5) PORTION
RESIDUE
ESID FILTRATE
ACETONE INSOLUBLE & ACETONE SOLUBLE
LIPID PORTION |(PREP.6) LIPID PORTION
(DISCARD)

a.SEE FIG. I3

b.PRINGIPALLY PROTEINS (BY ANALOGY FROM THE WORK OF
CHARGAFF ON YOLK, 1942).

c.PRINCIPALLY LIPOPROTEINS (BY ANALOGY FROM GCHARGAFF,
1942).

d. PRINCIPALLY PHOSPHOLIPIDS (BY ANALOGY FROM
CHARGAFF, ET. AL, 1942).

Fig.1l The Fractionation of Spray Dried
Whole Egagq.
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WHOLE EGG

DILUTED O5:1 WITH WATER.
SUPERCENTRIFUGED

RESIDUE SUPERNATANT SPRAY

DRIED
b. c.

WATER INSOLUBLE DRIED WATER
PORTION (PREP.7) (PREP. 8) | S5\ "pORTION

EXTRACTED WITH
ETHER AT | 0°C(32°F)

d.

ETHER INSOLUBLE
(PREP. 9) PORTION

a. SEE FIG. 14

b. PRINCIPALLY LIPOVITELLIN PLUS SOME FAT (BY ANALOGY
FROM ALDERTON AND FEVOLD, 1945),

c. PRINCIPALLY WATER SOLUBLE PROTEINS, LIPOVITELLENIN,
AND SOME FAT (BY ANALOGY FROM FEVOLD AND
LAUSTEN, 1946).

d. PRINCIPALLY WATER SOLUBLE PROTEINS PLUS
LIPOVITELLENIN (BY ANALOGY FROM FEVOLD AND
LAUSTEN, 1946).

Fig. 12 The Fractionation of Liquid Whole
Egag. |
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Table 120, Foulsifying mﬁiw& of Bgg Fraotions

Prep. Meuns of prepavation e dndex

1. Whole egp, spray dried 48,5 58,8
2. Ether ins. portion of # _ 1.8 83,7

{("proteina® of whole egg)

8. Woter ins. pordion of 2 54,8 8949
("Aiwmmﬁn“ gﬁm somé wabey
goluble “proteins™)

4. Bther sols portien of #1 52,0
(egg 1ipids)

Bs Water sol. gam&m of 42 GER0 (8.0
- {mostly &xw%in“ pins sowe
albumen)

o hoetone 123, portion of $7:5
{“p%mﬁph@iﬁmiéﬁ"}

aFlrst experument.v B
bsecond experiment.

Teble 12b, Emulsifying Indiees of Bgg Fraoctions

Prep. Heens of preparation

BOs . , -
Te &mrmnm res, of whole egg B ed 937
B Supersabent from cent. of whole sgg 51,8 36,0

{spray dried). {”lﬁwyw@ﬁm“
plus waber sol. “proteins® plus
soms fat)

Da Zther ins. portion of 8 877
(#8 minus sther sol. fal)

&prirst experiment .
bsecond sxperiment.,
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o |
200 WATER INSOL. |
WHOLE EGG o
180 "PROTEINS "
(PREP. 3)
160 |- ETHER INSOL.
PORTION OF
WHOLE EGG
" 140 | ( PREP. 2)
(=)
>
(@]
o 120
wl
@
- :
o SPRAY DRIED
S 80f WHOLE EGGS
® (PREP.I)
>
60~ ACETONE INSOL.
LIPIDS. (PREP. 6)
40 L WATER soL.
WHOLE EGG
"PROTEINS"
20 (PREP. 5 )
[ EGG FATS
. | (PREP.4)
0 1 . +

0 | 2 3 4 5 6 7
NON-FAT SOLIDS (%) ‘

Fig. 13 Emulsifying Ability of Whole Egg
Fractions.
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200
RESIDUE
180 - (PREP.7)
RESIDUE
60 L(PRER7A)
~ 140}
)
o CENTRIFUGATE-
S SPRAY DRIED &
Q20 EXT. WETHER
w (PREP.9)
S CENTRIFUGATE
100 | SPRAY DRLED
- (PREP.8)
o
o 80
(&)
®
~ 60}
40 CENTRI -
FUGATE
SPRAY
D
20
, PREP 8A
0 } T | . | |
0 \ 2 3 a 5 6 7

NON—FAT SOLIDS (%)
Fig. 14 Emulsifying Ability of Whole Eqgg
Fractions Obtained by Supercentrifugation.
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ethsr insoluble whole egr with water (prep. %b) had a hicher emalsifying
index (09,9) than the unextracted powder {prev. 2b) { mw@ﬁﬁ The suporw
| satant after spray deying (prep. 5b) exhibited very low emulsifying ability
.mww was lege then 36.0), This _@&wggwg of rasults mey be due Yo the
faot that enly one water extraction was mnde resulting in an Incomplete
extraction of the waber soluble ¢ omponents, |
Supergentrifgation hed a §a§$m\ effest on the emulsifying ability
of vhole eggz (Teble 18b). The gpray dried supernstant from the first
conbrifugation (preperations & snd 9, Pigure 14) possessed an appreciable
emulsifying ebility; thus in this experiment the process failed to effect
2 aaﬁﬁmg separation of the emulsifyying principles of whols egz although

some concentration was evident (prepurvation 7). Upon repebition, howewer,

. the Process agggwﬁ.% isolated the emulsifving principle from the rest

of the egg (preperetions 84 anmd TA, Figure 14). ¥o conclusions mey be
drawm from this experiment regarding the ebility of supercentrifugation bo
concentrate the emmlsifying principles of egg yolk.

The frackicuation of egg yolk wes approached in two ways. Plrst the
"1ipovitellin” of Osborme end Campbell (1900) end Chargeff (1942) was pre~
- pared in the usual mpomey by ether extraction and dilution of the extracted
slurey to precipitate the lipoprotein (a dilution of 20:1 with water).

The supernatent from this dilution contained sonsidereble smounbs of sald

and contained only small amounis of the mater solubls proteins; it was
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a.
EGG YOLK

EXTRAGCTED WITH ETHER
AT 0°C (32 °F).

RESIDUE EXTRACT
ETHER INSOLUBLE ETHER SOLUBLE
PORTION PORTION
DILUTED WITH 20 VOL.

(DISGARDED)
OF WATER
GENTRIFUGED

SUPERNATANT
RESIDUE
b,
WATER INSOLUBLE WATER SOLUBLE

(DISCARDED)

a. SEE FIG. |6

b. PRINCIPALLY LIPOPROTEINS (CHARGAFF, 1942).

Fig. 15a Fractionation of Yolk.
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a.
(PREP.12)

SPRAY DRIED
YOLK .

EXTRACTED WITH ETHER
AT 0°C (32°F).

RESIDUE EXTRAGT
ETHER INSOLUBLE " ETHER SOLUBLE
L
PORTION (PREP.13) PORTION
(DISCARDED
EXTRACTED WITH DI's ED)
WATER
FILTERED
| FILTRATE
SPRAY DRIED
RESIDUE
C.
WATER INSOLUBLE (prep. 19| WATER SOLUBLE
PORTION PORTION

(DISCARDED)

a. SEE FIG. 16

b. PRINCIPALLY PROTEINS AND LIPOPROTEINS (CHARGAFF,
194 2).

c. PRINCIPALLY LIVETIN (KAY AND MARSHALL, 1928).

Fig. 15b Fractionation of Yolk.
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200 _ YOLK "LIPO-PROTEINS "
(PREP. 1)
‘80 - B SPRAY DRIED YOLK
-~ (PREP. 12)
ALBUMEN (PREP.15)
160 SPRAY DRIED & EXT.
| YOLK (YOLK "PROTEINS")
- RESIDUE
wn L PREP. I3
© 140
=2
o
YOLK
O -
o 20 ~—(PREP.10)
2.
> 100 F
-
3
S 8o}
(7p]
>
60 I
40
WATER SOL.YOLK
PROTEINS
20 ("LIVETIN"YPREP. | 4)
olL_ | ] |
0 | 2 3 4 5 6 7

NON-FAT SOLIDS (%)

Fig. l6‘ Emulsifying Ability of Yolk Preparations
and Albumen.
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Table 126, Emulsifying Indlces of Bgg Fractions

Prep,
Ny

A oppy

i Yeoans of gamﬁmkim

T leifying

b

10,
1l,

12,
18,

14,

15,

17,

Egg yolk

Ether and water ins. portion of 10
("1ipoprotein®}

@pm;y aﬂ&& yolk

Bther ins, gﬁ%&m of #12
("proteing® of yolk)

nter sol, portien of faz®
~{("tivetin®)

Albumen (lyophilised)
415 and #14 added in netural proportions

("Lipoprovein® plus "livetin")

38, #14, and #6 sdded in naturel

proportions ("lipoprotein®,
Flivetin', and "ghospholipids™)

66,8

9045

91.0
87.%

76,6

98,7
9041

88,5

67@;3

SFirgt experinent,

* Pgecand experiment.

%only one soncentration was tested corresponding to this

emlsifying index,
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200
YOLK "LIPOPROTEINS"
180 |- ) )
YOLK "LIPOPROTEINS
AND "LIVETINS"
160 |-
® 140 | "LIPOPROTEIN"-"LIVETIN"
> lwe— MIXTURE PLUS
o "PHOSPHOLIPIDS"
o 120 -
w
wn
> 100
|—- i
wn
O p—
& 80
[7p]
>
60}
40
20 |-
o] | R | 1
0 | 2 3 4 5 6 7

NON- FAT SOILS (%)

Fig. |7 Effect of Addition of Phospholipids on
the Emulsifying Ability of "Protein”
Portions of Yolk.



51.

the water soluble porbion exhibits en emmlsifying abllity approximately
equal Yo that of the waler insolubie portion when added Yo theb matoriel
m nabural proportions. The vemoval of this pordion of tha yeolk would
serve uo purpose even though the material hes little ability to emlsify
by itself,

The addition of yolk phospholipids o the ether insoluble portion of
epg yolk in nebural proporbions produced an emalsifier with an emlsifying
index of 86.8 (compared with 90,1 for the sther Insoluble portion elome)
{Figure 17}, It would appear thet the phospholiplids reduced the emulsifiye
ing 8bility of the latbter meterial,

The most Important emulsifying principles of whole epgg svidently ars
included in the ether inscluble porbion., Both egg elbumen end the ether
and water lusoluble pertiom of yolk (*1lipoprotein” preparetions) contribute
i:;a %Ma aoblon., The wabter soluble ﬂa@éli@&& naberiels have little ommleie
fying ability but aid In emmlsifiention yhen added to the weter inscluble
non~1ipids, BEgg oil hes almost no ebility o ewulsify the com oil, The
p&m@hulﬁpiﬁa s while they have slight emulsifying ability, apperently
decrease the eomulsifying efficlency of the ether insoluble emmisifiers.

- Cu  The Selection of a Provess for the Froduetion of an
Baalsifier from Thole ¥gg

Seleotion of & process for the produstion of & satisfactory emulsifier
(in this case the ether insoluble portion of whele egg) from whole epg is
governed in part by the emlsifying efficlency of the product, the cost of
- produetion, and the degree of separation of the emulsifying materials from
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VISCOSITY (SECONDS)

200 , ' ’
3 % Salt odded
Sugared- ~— (Prep.19)
Spray Dried
| (Prep.20) ‘
160~ \'i | _Salted-Spray Dried
| (Prep.21)
Spray ' | 5 % Sugar added
i Dried — ] (Prep.18)
120 (Prep.I7) |
—Nothing odded
L (Prep.16)
80
40 |-
0 n | | | | |
[ 2 3 4 5 6 7

NON-FAT SOLIDS (%)

Fig. 18 Emulsifying Ability of Ether Extracted
(Concentrated) and Spray Dried Whole

Eqgg
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Teble 13s. Bauleifying Indices of Extrected Whole Hgg Products

Prep,  Nethod of preperation | Bmulsifying®
nos . —_ . , index

20, Whole egy extracted with ether (liguid) 88,5
21, 420 apray dried 91,2
82, Yhole sge salted {34) and extracted with ether 78,2
23, #22 spray drisd ' 82.7
24, Vhole egg sugered (6%) end ext, with ether 84,5
25, $84 spray dried 89.8

#It was considered in Secticn 4 that any two emulsifiers whose
smuledifying indices were differsnt by move then 35,0 units probebly
possessed different emtlaifying ebilities.

Table 13b, Bomleifying Indlces of Extracbed Thole Egeg Products

Frap. Method of preparabion Bpuleifying»
o . . : ~ P , L hiley

1« Thole egg, spray dried 53.31
2. #1 extraoted with ether 8547
164 TWhole egy salted (2%) end spray dried 64,2
7. #16 extracted with ether 88,7
18, Whole egy sugared (5%) and sprey dried 5248
19, #18 extracted with ether 98.8

*It was oonsidered in Seetion A thet mny twe emulsifiers whose
amlsifying indices were different by more than 3.0 units probebly
possessed diffepent emulsifying abilities,




53d .

200
| 5%Sugoar
added - E)xt. Extracted
(Prep. 7
| p\ (Prep. 9)
160 -
5% Sugor
L odded - Unext.
( Prep. 4)
8'20 - 2 % Salt added
a Ext, (Prep.8)
2
o |
o
w
2] Unext.
B (Prep. 6)
E 80
=
(o}
8 | 2% Salt added
3 . Unext.
(Prep.5)
40 -
0 1 { ] | ] |

I 2 3 4 S 6 7
NON-FAT SOLIDS (%)

Fig. 19  Emulsifying Ability of Spray Dried Whole
Egg (Unextracted and Ether Extracted)
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the egg, thus the seleobion of the proocess would eiap&m} on other factors.
Prom & techoolegicsl standpoint, extraction of & dry powder 1s simpler
snd less costly than a lilguid-liguid ax&;mwim. It was ooncluded that
the process 4o be studied would include the apray drying and organie
solvent extraction of whole &@g*
De Study of the Effset of Provessing Treatments on ths
Bnlsifying Ahility of Thols Bgg

Based on these studies the commercial production of en emulsifier
from wka‘ia ege wonld probably inelude breaking, freezing and thewing, sprey
drying, and solvent extreetion. In addition, homogenization mipht be
empmﬁ& vrior to the freezing step. Thess processes {with the excentiem
of breaking) were studied with respeot to their effeot upon the emulsifye
ing sbility of whole egr. The effects of concentration and veouum drying
of 1liguid whole egg were also examined. The influence of heat on extracted
powder and the influence of the sdditlon of extraocted ez oil baolk to the
powder were studied in en effoxt to verbially explain the effect of auw
traction on the emlsifying sbiliby of spray dried whole ege.

zaf vmala ggg

Commercial whole egg (miwed white and yolk) is generally evailable es
& frozen produst, Thomes and Bailey (19283) studied the effest of freesing

on the gelation of whole egg magre and observed that the viscosiby of the
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Table 14, Effect of Freezing and Froaen Storage on the Smulsifying
Ability of Whols Bgg

Treatment | Emulsifying Index (Averape of Three Repliestions)
’ Bays in frozen storage

9 2 B3 B84

Combrolefroren 88,8 83,1  88.4 . 83,8 84,2 835
Tesh &%

Test B 8049 85,9
5% XeOlfrozen -
Tost A» 82,8  8B.S5 84,0 84,0 83,3 83,8  B4.8

Hemogenizedw
- frogen \ . o N
Toet Ax B0 810 820 88,8 84.2 ;. 83.8 84,0

 Test B (75,0 B4e 3

*A1) tesh A's mre from the same homogemsous lot of whole egs magme
end san be oompared direstly.
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Fig. 20 Effect of Homogenization on the

Emulsifying Ability of Whole Egg
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1iquid whole egg from this plant was secured Just before it was pumped to
| the drying ohember. At the seme time s sample of the spray dried gafuaw&
we.s w&xw‘kﬁé The commercial liguid leot was of low mli%:; whon oollected
fx*mm *lzha plant and 1t was found necessary to add salt before am&mﬁmtmg |
to retard mmw wicrobial eetion. The high water/honsfatesolids ratio
i‘i il

o wove used to test the emlsifying ability of these pmpammm,

thue the erala’ ng indices of these materials sannot be wmmm& with

the emulsifying indises of mlsii‘iaw prepayed with the low mtar/mmw
fat-aolids wkim. {am in parts 3, 4, and 5, this seoction and Seotions B
and C),

The effest of conoentretion (bebwsen temperatures of 26° ¢. and 28° c,,
7% », m& E@?ﬁ ) o the emulsifying ability of whole egz is shown in
Table 15, In each oase, any egg maberial oancentrated beyend about 407
golids (ineluding drymess) exhibited an emulsifying ability inferiecr to
%m uneconcentrated comtrols, This suggests that removal of moisture (or
drying) psr se veduoces the emulsifying ability of whole egz.

The effeot of spray drying on the emlsifying ability of whole egg
would be ‘&mm&m‘k upon a sombination of factors including drying, heat,
and etomisabion, The effect of drying was investigabed above; the effect
-xaéi* heat on exbrscted whﬁg#gg powder will be explained belows and ine
formption relative to the effect of atomization in e laboratory drier
pmh&bw cannot be applied to commercial driers becsuse of differenses in
design and operating conditions. However, during these studies many
‘preparations of laboratory spray dried whole egg were made, The emulsifye
ing ebility of some of these is shown by Figure 82, These preparations
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Table 15, The Effeet of Vaocuwm Concentraticn on the BEmuleifye
ing Ibility of ¥hole Egg ,

25.0% 78,0 BE.0% 8048  26,6% T84l
8.8 BO.& BBl 78,8 47,1 18,0
88,8 L75.0 6442 160 84,9 L7540
98,1 <750 65,7 {60 94,7 150
Spre Drys Spre Drys
94,2 88.2 24,2 88.2
82,4 82.4

#Fresh whole egg, uwnsoncentyeted,
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Fig. 22 Emulsifying Ability of Four Samples
~of Laboratory Spray Dried Whole Egg
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wers ,ﬁﬁm@ from eggs ?ﬁ the same source and of eimilar hisbery, The
osessional wide gﬁagg in emulsifying %3@% ig probably due princiw=
pally to variations in @@@gﬁw in the leboratory drier. One comparison
babween sprey &.,w% whole egg end the Iresh eggs Pfrom whiech it was made

ig given in Table 15 (tests 4 wﬁ B} %@ ‘%m commereinl whole egg powder
eshibits an emulsifying ebility whick 1s apperently diffevent Irom that
of the undried sonbrol. |

Irichlorcebhylene wes used for exlraction of whols egy powder becsuse
of its non~flammability, velative sfficlenoy, relatively high boiling

point, and low heat of vaporization. Sweeney and Arncld (1949) used trie

shlorosthylens for the extraction of soybesns. They reported that although
the initial cost of the solvent was high, the operstion wes economical
because of the efTiclenay of the process,

In this inmvestigation commerolal spray drisd whele egp was extracted
& varying number % tines ab 18° Ce to 21% €, (65° 7, o 70° F.) and a®
qwﬁ . to 770 G ﬁm&a ¥, 4o 171" Fo)e In one study spray dried whole égg
that hed been a&gag with w&m%w%?%%wga a%t the wgﬁ, temperature
was further extracted wiith slechol,

8. mgawwg at 18° ¢, %o ww_e Us Belvent extrsotions wore performed

in & Soxhlet Lype aubumatio exbrector of 1.2 liters capaoity. Threes lote
of commercisl apray dried powder were extracted & wvarying mumber of bimes

(see Figures 25 and 24 and Table 16}, Twe of the lobe were regulsr spray
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Fig. 23 Effect of Extraction with Trichloroethylene

at 18° C.to 21° C. (65°F. to 70°F) on the
Emulsifying Ability of Spray Dried Whole
Egg
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Fig. 24 Effect of Extraction with Trichloroethyl-
ene at 18°C.to 21°C. (65°F. to 70° F.) upon

the Emulsifying Ability of Spray Dried Whole
Egg |
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Teble 16, Effect of Extrastion with Trichlorcethylens at
18° ¢, %o 21° ¢, (66° ¥, %o 0% 7,) on the
Brmlsifying Abllity of Thole Epe Powder

H&ﬁ% @%&ﬁ

18,0 67.7
8 lded €19
12 12,5 78,8 14,3 70,8
18 14,0 83,3 | |
17 10,7 65,4
41 12,0 80,8
43 , 14,2 70,8

*Produced from the same repular spray dried whole ege.

*sFroduced from the same seidified egp (internally neutralized with
HallCOg) »
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160 |-
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(E.1.=80.8)
120 -
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a
2
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Cw
@
3 Extractions
80 |-
- (E.1.269.3)
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(o]
O =
o
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40 r Unextracted
(E.l. =59.8)
™ | Extraction
(E.1.259.8)
0 1 1 1 { | i
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NON-FAT SOLIDS (%)

Fig. 25 Effect of Extraction with Trichloroethylene
at 71° C.to 77° C.(I160°F.t0 |71 ° F.) on the
Emulsifying Ability of Spray Dried Whole Egg
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Teble 17. m‘:m of Bxtraction with ?rmmm&mm et
71% ¢, to T7° ¢, (160° P, t0 1727 2,) on the
Bouleifylng Ability of Whole Hpg Powder

Ho. of exw
tractions . . 8 waer.
o 19.9 66, 49,5 65,7 495  59.8
3 3;3.; 5 ﬁ@&ﬂ‘ 17.0 ?3;@ T 4.2 88,8
] 0.8 T8.8 3»115 76,8
10 10.7 BB.7 8,8 88,8 10.5 8&’3, 8

*Produced from the ssme regular sprey dried whole egge
s#Produced from soidified egg (internally neutralised with NaHCOg).
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would extraot mest of the fats in one operabtion wes lnvestigated, Aleohol,
water, and trishlorosthylens form a termery mixbure of the following

oompos itions trishlorcethylene 69,1%, alechel 25,574, and ‘xﬁwﬁ. 5408 by
weight {International COritlesl Tables, 1928). This mixture .§m made up

to %m@@maﬁw proportions. The exlraction was cerried out at woom entpe
eraturs, Afber Ywo exbractions, the powder had formed into hard rubbery
wlumps that apposred totally insoluble in the %wﬁ sugar, seeble scid,
water solubion wsed for recomstitubion of the preparstions. E.w%aw alone
was then employed for a single gﬁ%&ﬁ% at & temperature of 71° ¢, to

77° 6. (160° F. to 171° F.), The resulting powder was very similar in
nabure o thet produced by the termery mixture. Alcchol wes then vsed to
,§w§nw & powdey %w% had been previously extmeted slx $imes with trie
shloroethylens (et 71° ¢, %o 77° Cuje One axd three agaﬁwg were made,
wﬁa pesultant powder contained only 1.5% to 2,20 fat respeotively, The
Wgzwwgwﬁw power of these preparations is 1llustreated in Figure 26, The
alechol did not appreciably destroy the ,%ﬁww ifying ability of the extrasted
powder in the first trial; however, s duplivete preperation suffered a
slight loss in emulsifying ability (from en BI. of 89.4 %o 83.9).

It vas ﬁa&% from the above experiments that the exbtractions carried
out at the higher temperabture ( 71° ¢, vo 77° Cy) sesmed to produce powders
of greaber emulsifying sbility wwﬁ, those prepared at the lower temperature
(18° ¢, %o 21° 04)s To investigete this effeot further, spray dried whole



200
B Extracted 3
times with
Alcohol
160 - (1.6 % Fat)
(E.1.=80.0)
120 Unextracted
§ with Alcohol
Z (12.4 % Fat)
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> 80 (E.1.=76.3)
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o
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>
40|
0 1 L ] | 1 |
7 L4 2. 28 35 4,2
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Fig. 26 Effect of Ethyl Alcohol Extractions on the

Trichloroethylene Extracted Powder (six

extractions at 71°C.t0 77° C))
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ezp was extracted four times with trichloroethylens w,m_ the gm&aw Sompw
erabure; 1t was then yﬁ@& in a hot alr oven et this tempersture for ons,
three, and six hours, The soblon of the heat incressed the emmleifying
ability of the egg powders from an BI, of 76.2 for the control to B4.0

for the heated powder (3 hours) {Figure 27). This wes sn inoresse of about
8 emuleifying index units in three hours. An additionsl three houre of
hepting, howewer, lnoreased the El, only sanother 1.0 units, thus there is
probably not much difference bebween the effect of heating the powder
under thess conditions for three and six hours. It is evident that part

of the affect of a%%wg at ﬁa ¢, to 77° ¢, (180° ¥, %o 1M° ¥,) mey
be atiributed to the effect of heats This trial was repeated with similay
‘rosulis {Table 23, Appendix).

By mﬁm@m of the sddition of ege o1l to @%K»ﬁ%ﬁ

The sffent of heat on the emulsifying ability of extrasted powders
afforded a partial explanation of the effect of extrsotion partisularly
at higher tewperatures. Howsver, even when vhole egg was extrected at
the lower temperatures, an Inorease in the euulsifying ability wes cbaerved.
5nell, (lsen, and Kremers mw@ﬁwv showed that the addition of lecithin mnd
oephalin to egg yolk-"lipoprotein” redused the emalsifying sbility of the
emalsif'ier preperation. Thus the removel of the phospholipid containing
ogy oiles from whole egg powder by exbtraction might have been partially
respongible for the cbserved ineresse in ths emulsifving ability of the

residue., To further explore this problem, spray drisd whole ege was exe
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200
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(E.1=84.0)
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160 - for | hour
(E.1.=799)
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(E.1276.2)
120 Heated
for 6 hours
Ty (E.1.=85.0)
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Fig. 27 Effect of Heat on the Emulsifying Ability
of Trichloroethylene Extracted Whole Egg
Powder. Heated at 7I°C.to77°C. ( IGO°F.
to 171 ° F.)
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tracted with ethyl ether at % €. until the extrecting solvent wes still
eolorlese after four hours, The ether-oil sclution wes then concentrebed
under a veouum 8% room teuperabure; the oll weas freed from all traces of
ether by heating at 40° ¢, (10€° 7.) under high agﬁga The oil thus
reooversd was then sdded back {in its nebural proportions) to & portion

of the extracbed powder; the same amount of eorn oil was ndded to another

~ portion. The emalsifying ebility of these two preperations was then comw

pared, The dube sare illustrated in Figure 28, The redustion of the BI,
of the exirected powder from 80.4 to less than 85,0 elearly indicates that
the egg oll conbeined some vomponent which Inberfered with the emulsifying

atbion of the

axtracted ege, A further test using trichlorcethylens se
 the solvent gmve similar results (Table 24, Appendix). Thus the gﬁa@au
of egg oil, per se, affords enother explanation of the effect of solvent
exbraotion on the emulsifying eblllty of whole egg powder,
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200

160 |-

120 -

No Egg Oil added
(E.1.=80.4)

VISCOSITY (SECONDS)
3
I

H
o
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Egg Oil added
Y ~(E.1.<65.0)

— -9~ i I L |

7 .4 21 28 35 4.2
NON-FAT SOLIDS (%)

Fig. 28 Effect of Egg Fat(added in Natural Pro-
portions) on the Emulsifying Abllny of ther

Extracted Whole Egg (Whole Eqgg Protems
plus "Lipoproteins")
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showed the greatest emilsifying ebility, Albumen end ¥he "lipoprotein”
from yolk were equal in emisifying ebility %o the whols egz "proteins®;
however, i;%m albamtx §m*’m&m were abtyplosl, The phospholipids, when
m&dﬁ& baok to the mmie: ez emulsifier, m&u@d the latter's emisifying
ability, - |

| éﬁw‘v@ﬁl gﬁu&eﬂma for the produetion of an emilsifier were investie
gated, The residus from superoentrifugetion wee en exeellent emlsifier
but wms obbained in e yield of only 307 of the ether insoluble Sﬂli&& of
whole eggs thus this pvmah was vejeoted es & possible commereial proe
sedure, The emlsifying ebility of the whole egz "proteine® was similar
whether prepared by liguideliguid extraction followsd by sprey drying or
by spray drying followed by extrection of the dry powder. Since the cost
of 8 liguideliguid extraction exceeds that of a liguidspowder extraction,
the latter rethod was chosen for further study.

The effect of variocus processes on the enmlsifying ebility of whole
oge end whole egg powder wes investigated, Homopenization reduced the
emleifying ability of liquid whole egg) howsver, this ability was re-
eovered during frogen storage., Freezing end frosen storege hed only a
slight tendensy to change the emulsifying ability of whole egg. This
tondency was not influenced by the eddition of salt before freesing.

Vacuun goncentration snd drying et low ter

peratures markedly reduced the
enmleifying ability of the epg. Sprey drying sppeaved to mmmww the
emulsifying ability of both extracted and unextracted whole egg.
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Extraction of whole egg powdsr with triehlorcethylens at room and
elevated berperatures ineremsed the omilsifying ability of the powder,
This inoresse was move promounced at the higher temperatures, Alochel
oxtractions of the trichlorosthylene sxbtrscted powder removed most of the
residual fat but had & small detrimental effect on the emulsifying
ability o the powder, Healing of Yhe trichlorosthylene extracted powder
inorensed its emmlsilying ability appreciably. The addition of epg oil
in natural proportions back to the extracbed powder deorcased the emulsie
fying ability of that powder. This effeect snd the effect of heat on the
spray dried and exirected egpg provided an explemnbion of the effect of
extraction of the emulsifying ability of whole egg powder,



68,

VII, LITERATURE CITED

Alderton, G. and Fewvold, H.L. 1945, Preparation of the egg yolk lipo=
protein, lipovitellin., Arch, Biochem, 81415418,

Py lewis, J.C,, ond Pevold, H.L. 1945, The relationghip of
iysogyme , blotin, and avidin, Selence 1013151188,

s ard, W.H,, end Fevold, H,L. 1948, Iselation of lysozyme
from egg white, J. Blol, Chem, 157:43-88,

Inson, MeLe and Mirsky, 4.8, 1951, The effeot of denaturation on the
viscosity of protein systems, J. Gen. Physiols 15:341-350,

hyers, Asb. and Dooley, JoJds 1848, laboratory extraction of eottone
ssed with warious petroleum hydrocarbons. J. Ams 01} Chem, Sou,
251872870

Bain, J.A, and Dovkech, H.F, 1947, 4An eleoctrophoretic study of the egg
white proteins of warious birds, J, Biol, Chems 171:531-841,

Banoroft, W.D. and Butaler, J,5, Jrs 1951, The densturation of albumin
I, Denaturation by heat., J. Fhysioal Chem, 35:144~161,

Batew8mith, B.C, 1935, Fhysies snd chemistry of the hen's egg, Food
Investigation Bosrd, Depts of Soi, and Ind, Res,, Great Britain,
Pe FBed0,

_ and Hawthorne, J.B, 1945, Dried egz X. The nature of the
reactions leading to logs of solubility of dried egg producta.
J. Soa. mﬁ@ﬂk Ind, 3%@39?&%3‘

Bennett, I, Practical emulsione, 1947, 2nd Ed, Brooklyn, N.Y.,
Chemloal Publishing Couy Ine.

Banmion, L.B., Hawbthorne, JBe, snd BateSmith, E.C. 1942, Beating and
baking properties of dried egg. J. Soe, Chem, Ind, 61l:31~34.

Bericmen, 5. and Hgloff, G, 1541, Bmuleions snd foenme, Wew York,
Reinhold Pub, Co.



89,
Booth, N, 19%, The denaturvation of preoteins VII, Denmtugetion in the
prosence of aloohol, Biochem, J. 24518001708,

Brovks, J, end Hewbhorne, J.H, 1943, Dried egg IV, Addition of earbow
hydrates %o egg palp before drying. J. Boc, Chem, Ind, 6211685167,

Bull, 1,8, 1988, Studies of surface amwmﬁim of egs am‘mm. e
‘ 35‘.91. Ehem, wgtl?‘*&@u )

_and Tewrsth, H. ' 1837, The densturetion and hydration of proteins
I1, Surface denaturation of egg a&m ~J. Biol, Chem, 118:163=175.,

‘Eurmaww, ByHa 1940, A study wi‘ the m & ica.l anei ahmieal chenges of
0 the epg during ibs passege through the lsthmos and uterus of
'ﬁhﬁ honts Wiﬁﬂ@h Jﬁ @Kfyi ﬂﬁ@ly 563 2715 :

Calmry, HaOs and “hibe, 4, 1882, Vitellin of hen's egg. J. Biol, Chem,
0436354880,

- Chergaff, B, A4 study of lipoproteins, 1848, J, Biol, Chem, 1423491504,

» ZiL€, ¥,, and Rittenberg, D, 1942, A sbtudy of the nitrogenous
Mmﬁiﬁmm‘b@ c«.f‘ %asm phosphatides, J. Blol, Chem, 1441343«368,

S ‘

G’hmiml mr!mi: m‘im, 1950, Chem, | g, Yews, 28:4587, (1950) 29188,

Giark, Guby and %ﬁa,mz, Wehs 1982, A quantivative study of the a&mx‘pﬂm
in solution and et interfaces of sugars, dextrin, starch, gum
arabio, and egg albumin, and the mechanism of their acbion us
ﬁmlsifying sgenba, J, Blol, Chem. 53 115 7=182,

Clayton, W, 1935, The theory of emulsions and their technical treatment,
Brd Eﬂi« Lm&mg d * and A, m@*ﬁ&ulb

Clinton, M, 1048, Toxic effects of gases snd vepors. New Engl. J. Med,
238151-54, ‘ ‘

Correny J.W. and lewls, C.M, 1924. Ilecithin and eholemzawi in relation
- %o the physieal nebure of cell mesbysnes, Blochem, J. 1811364
3.3?&& ‘

Cruikebanik, ﬁ,}é 19%* Studies in fat metebolism in the fowl, I. The
somposibion of the egg fat and depot fat of the fowl affected by
the ingestion of large amounts of different fate, Biloohem, J.
284965077,

« 1940, The chemical oomposition of the egg. ©Chem, and Ind,
183415410, '



704

Yorry, Byly, Cohn, B.Js, and Sewmenn, B.8. 19354 Fhysieel chemlatry
of the proteins, XIII, The solvent sction of sodium chloride
on ogg albunin in 35% ethenol at «6°% J, Am, Chewm, Soo.
ﬁﬁlﬁw%&’mm a ,

 Fevold, H.L. and leusten, A. 1946, Isolation of a new lipoprotein, lipow
‘ vwai%mng from egg yéi?&mf Avoh. Bicchem, 1lile7,

Finkle, P., Draper, 4.0,, and Uildebrand, J.H, 1923, The theory of
smulsification, J. fim, 011 Chem, Soo. 45:2780-2788,

B ‘Eﬂwnykm, HoH, 1048, Tracbionation of i:ha oge white proteins in media
of low dieleotrie constant and low lonlo sbrength, Unpub.
- Ph.Ds Thesis. ZJmes, Iowe, Tows State College Library,

Gardner s Hak, and Van Heuckerobh, A.W. 1987, I%ﬁm further applioations
of a mobllometer. Ind. Bng. Chems 191724728,

Gray, DM, and Southwick, C.A. 1929, Sojentific research affords means
of meesuring stability of mmyonnsise, Food Ind, 1:300-3504.

ﬁ!’ﬂ@!’l,‘ J;?é’, 3 Cmmﬁ, I’Eﬁ%‘gn: s ﬁl&m; Awihs mﬁ %&ﬁﬁﬁr; {};E. 1848,
Produetion of steble spreye~dried egg powder. Chem, Ing,
%*me;r&am 4425014802, '

ﬂmam; ﬁ,L. 1645, Effeot of concentrating ege white on desirebility
of ang@l cake. Unpubs PheDs Thesis. dmes , lowe, lows Btete
Gaizaga Libtrary.

Hardy, WeB, 1923, Theory of fmamg. ‘Food Investigation Board, Dept,
« of Soi, and Ind, Bes., Great Britain, p. 9=13,

Hawthorne, J.H, 1943. The effeot of molisture content on the initial
- guality of spray drisd whole egg snd deterioration during
Mmmﬁm 4. Soa, Chem, Ind, 62:1385-1587,

m* HoDs m& Uarshall, P.8, 1928, The second protein (livetin) of
ogg yolke mem Je B211264-1269,

Kilgore, L,By, 18885, OUbservations of the proper amount of yolk in
| ‘mayonnaise. ‘3@3‘; Ege and Poultry Mag. 39(38):42+45, 63,

+ 1085, BEgg yolk "meles" mayonomnise, Fpod Ind, 71220230,



71,

King, A, and ?#ix’is*ker;w, L.sas. 1540, The ammmy of emlsiong,
Fart 11, Emleions stabilised by hydrophilie eolloids, J. Soo.
ﬁ}wm mﬁ. Trane, . ﬁﬁalﬂﬁww.{y

Kraemer, B.0. mxs& &m, hydy 183&» A new method i"@r the &a@amﬁm@im ‘
of the dlstribution of size of particles in amlﬁimm J. &m,
t‘&wz&. Soes éﬁa%‘?&@mﬁ?iﬁg

lange, &, Handbook of chemisbtry, 1946, @t@x Edy sanausm, Ohio,
Handboolk Puby, Tne, '

Ishmann, X8, end Flury, P, 19543, framlaﬁaﬁ by Kﬁ.ng s By and E‘iwﬁh, H,F,
dr, Toxioology and hypienms of industrial aalvm*bh Baltimore,
Willieme and Williems Co.

Linewesver, H, and Jurray, C.W., 1047, Identificetion of the trypsin
iInhibitor of egg white with ovomusoid, J, Biel., Chem, 1711568«
681, ‘

lows, B, Bxperimental cookerys 1947, - Srd Bd. Yew York, John Wilsy and
ﬁmﬁg qu )

lecham, D.K. and Oloott, H.B, 1047, Lffegt of dry heat oo proteins,
Ind, Bng. Chems ﬁﬁsi@ﬁ@*ﬁﬂﬁ. ‘

and _« 1948, Fhosviting the mimi;;al g&wyhopmﬁam
of egy yollts . Am, %@m, %Mﬁ T1:36Tim3670 .

Merrill, H,B, 1928, Effect of egg yolk on the distribution of oil in

Mitchell, L.Cs 1982. A study of the composition of shﬁll egzs., J.
Assooy &f“fgp ﬁg&'* thg Eﬁtﬁmﬁﬁq

Moran, T, 1825. %he effect of low tempersbure on hens' eggs. Froe. Roy.
Soa., london %fﬁ)n%ﬁﬁwﬁs

Yationel Resssreh Councils 1928, International eriticel tebles of numer
ionl é&iﬁﬂ-g foﬂﬁ, @h&mi&’&ry, emd m’hﬂﬁl@gyt Yols 11T,
Heow wﬁa!‘iﬁ:, Hi1l Book ﬁ@a

Heurath, Hey Gmemémm, J.Fu, Pubnam, F.¥., and Eriakam, Je0u 1944,
The chemistry of protein dematuration. Chem. Rewv, 54:157«265,




72,

key, B, 1948, Cholesterol sontent of foods, J. Am. Diet. Assoo,
811341344,

Onoca, T. 1838, Blologieal studles of aarbahydm@ea XV, ‘fi*ballwmmiﬁ.
d+ Bipohem, (Japan} 24:1+8,

ﬁab@m% 7.8, and Cempbell, G,F. 1800, The probeids of egg yolk,
&} Hm, Ohetne %t}m aam:maz ' '

i’a;gmml* 8.R, lowe, B,, and Stewert, G.¥. 1946, Pasbeurization of
l&ani@mgg products, I**&m’& Bes, 1&:34&#@6@&

Plimmer, R.H,A, 1908, The proteins of eggeyolk, J. Chem, Socs, Londen
93116001806,

Riemenschneider, R.W., BEllis, W.R,, and Titus, H.W. 1938, The fat
aoids in leoithin end glyceride fractions of egg yolk,
J. Biol, Chem, 1263256m263,

Romenoff, 4.7, 1%5» Morphological and physiologienl differentistion
in various layers of avian slbumen, Food Hes, 81286.291,

and &mmaﬁ",, A.ds 1949, The avien egg. lNew York, John
Wiley and Sons, Ino.

Bhepard, €.C. and Hottle, G.A. 1049, Btudies of the somposition of the
livetin frection of the yolk of hen's egge with the use of
elsctrophoretic enalysis., J, Biol, Chem, 17918404387,

&33.3‘3;1, E{;Mg, ﬁ’ﬁ.am* Amé’a’ and HKremevs, R.E. 19385, Iméiﬁhmproteim
The emulsifying ingredient in egg yolk. Ind. Eng., Chem, 27:
12@3*1%3&

Stamm, £.d, 1986, An experimental study of éml&ii‘ipatim on the basis
of distribution of size perticles. Colloid Symposium Monograph
B51851-367,

Stevart, 0.7., Best, L.B,, and Lowe, B, 1943. & study of some factors
atfeoting the storage changes in sprayedried egg products.
. Proe, Inst, Food Tech. p. T7-89,

Sweeney, C.E, and Arnold, L.K. 1949, A new solvent m:ma'bimn pProvess
for soybesn oil, J. &m, 01l Ghm;‘ Soos 28:687-T00,

Thomas, AJf, and Bailey, M.l. 1933, Gelation of frogsen egg megma. Ind,
Erg. Chem, 25:669-874, ‘ ,



?3;

U.S, Department of Agriculture, 1041, Hggs and egg products, USDA
" Cire. 568y , "

Urbain, 0‘1@&, and Miller, J.i¥, 1980. Relabive morits of sucrose, ~
' dextrose, and levulose ss used in the Waaamﬁim of eggs by
freesing. ‘m«h Bog. Ghamn 221356858,

: zmm s W, H. end mm:m » MW 19%, Dried whole vgg gm&ar 11, meb
ai‘ hm'b %m‘amt on guelity, Cans J. Res. 31(33)3.9%2%‘

Wilson, J.6, 1927, Egg awumm and egg yolk as mmlaifyﬁag agents in
fatliquoring. J. Am, leather Chem. dssocc. 321550565,

Wﬁﬁmx,k R,H. 1949, Diegoosis and trestment of industriel solvent
poisoning, J, Awm. Med. Assoc, 130:906«009,

Ty, He 1927, Studies on ﬁmmt&m of proteins II, Cosgulation
bfy aleohol, Chinese J. Fhysiol. 118187,



Ve .

VIIL. ACENOUIEDGUENTS

The suthor wishes to sxpress hw slincers appreciation to Dr,
George F. Stewsrt for his continued imterest and guidance throughout
‘ishﬁa study, Thsa writer also wishes to express his gratitude to
Dy, Bichard ¥, Forsythe for his valueble oriticlsms end ascistanes,
and to the menbers of the Food Processing laboratory and the Foulbry

Husbandry %mrﬁmxxﬁ for their assisbance and ooopsration.






7%,

Table 18, Vﬁlmm of the Fourteen Additions of 011 Added During
ish& Test e:f.“ Emulsifying Ability {(Low ratio smulsifiers)

(tﬁlu

Honefat

solids 1# 2% o 4*  Tobal
% ‘ (mls)
0.7 8, 4, 85, 6, 8,10, 14, 3@& 25, 30, 45, BB, B0, 56, 330
1&& 6; ,‘rg 3&3, 3«%; 13@ 3‘»@3 3»(3‘3 m’ %3 %ﬁ; ‘&53 5‘93 &5 “g 524
241 9y 12, 15, 18, 14, 15, 15, 18, 16, 15, 40, 46, %ﬁ, » B8
2*8 1&3 1&; %* 3%; 9* 1‘* 3-5* 1&, }ﬁa lﬁ* wg *&6; -&63, 4&* 31&
gﬁﬁ 3.55 %; 35, 31, 3{9’ 1@’ 1@7’ 3&; 1&3 iﬁg my 35; ‘gﬁ; ws &3‘6
4&2 18; 3§g w’ ﬁ?g lﬁ; m; 1@; 1{3* mg 1@; &3, %} 3’3’ %y 3@&
49 21, 28, 35, 48, 6, 10, 10, 10, 10, 10, 25, 30, 25, 0, 203
B.6 2, 40, 48, 7, B, B, 10, 10y 10, 20, 25, 25, 28, 287

24,

#Points of addition of weter sclution of salt, suger, and acetie
aold (Bes Tables O and 18).

Table 18. HAmount of Water Solution of Salt, Sugar, end Asetic feid
Added During the Test of Fmmleifylng Ability (Low ratio
somalsifiers )

{ml.)

Tonwfat

gollids
% Addition 1  Addiblon 2 Addition 8 Addition &  Total
ﬁ&? ﬁ&m@ ‘%4&@ ﬁ’ﬁ‘ﬁ% 1‘&;*’5 87.0
1.4 21,0 21,0 20.4 14,5 8.9
2,1 17.0 17,0 17.9 14,4 66,3
2.8 14,0 14.0 18,8 14,3 65,8
3.5 10.8 10.5 10.5 14,3 48,6
¥ 7.0 7.0 648 1442 5.1
4.6 5.5 8.5 5.5 14,2 24,7
Ba6 0.0 0.0 0.0 14,2 14.2
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Table 20. Hmulsion Formulae for the High Weber/Non-fat-solids
Bmuleifiers '

Nonefate Bmuleifier Aceties 011 Water  Seolution of
 solids (gmad) acid  {(ml.) {nls)  salt, suger, snd
% {m1.)  asetic acid in

045 18,9 0.5 %64 50,7 56,9
1.0 a7 1.0 468 F8.( 42.7
148 5746 _ 1.5 BES 25.8 D8.4%
248 $4.8 9 3 ' s 0.0 D

#5807 asetic soid,

Table 21, Volumes of the Fourteen Additions of Uil Added During
‘ the Teat of Bmulsifying Ability (High Water/Nonefat-solids
Emulsifiers)
{mle)

SroApe

HonmTatb: '
solids ‘ ’ Totel
) #

% L o | (L)

0.5 4, B, 8, 7, £, 11, 14, 147 26, 45, 55, 85, 55, 55. 364
ltﬁ g;}i 3»93 ma lﬁm 1&) 3&:}* 3&, %M %} 55& %3 %; 4@3 40, 358
195 8; 1@1 }»2’ 1«‘53 1?; ﬂﬁﬁ 35,,@ Eﬂ, &} 35; ﬁﬁ, 35 ﬁﬁ, '&Q# 85
2,5 6, 10, 10, 15, 16, 20, 25, %0, %, 35, 5, 85, 35, 40, 546

#Points of addition of weter solubien of ealt, sugar, and acetie
aoid, (See Table 20). ‘ '
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Table 22, Analysis of Varience, Effest of Freesing and Frozen
Storage on the Bkﬁ%iaifym@:}&b&liw of Liguid Whole Hgg
ATeble 14

o Dagrees |
Treatment Source of varistion of Sum of Yean square
_Sreedom  sausres

Ao Conbrol Days in storage 5 6.86 1,398%
Individunls 12 4.08 04540

Tobal .17 11,04 P a 4,00

B, 5 Na 01  Daye in storage . 6 8,96 1,498
o Tndividuals 14 9,07 0,648

Total 20 17.08 Fu2,8

¢. Homogeniszed Days in storege § 24,28 4,856 %%
Individuals 12 4443 0,898

Total ~ 17 28,70 P g 13,16

Table 23, BEffest of Dry Heab of the Bmulsifying Ability of
Extracted Fowders

Time of i%w%smg (hours ) Brulsifying Tndex

74,8
81,9
88,5

O L v 2




Table 24, Bffect of Ege 011 (Added in natural proportions) on the
Bmulsifying Ability of Irlchloreethylens Esxtracted
Whole Bgzg Powder ‘

Visoosity of emulsions mede from exbractsd powder (seo.)

Ay Mo egg oil sdded B, Egg oil added

BOW8 0.5
21,2 0.7
2042 1241
é2.9 B8
18.9 16.86
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