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INTROn;JCTION

~rtlrlclal Insemln~tlon, the de~osltlon or male

l'a produ.c tlva cell s (s perm:: tozoa) in the female trac t by

mech r nlc 1 means r~ther thAn by the direct se~vlce of a roBle,

is not ~omethlng new, but WBS known even 1" the ronrteenth

century among the Arabs. Very little was done in this field

until the beginning ot this century. At this time accessory

sex gland sec rations weT'e round unllaces s ry to 0btH tnrert11 t zn tlon.

thereby introducing the possibility of Famen extension. The

application of artirlc1~1 insemination increased steadily

during the first half of this century.

kit present approxim&tely one-fifth of all the dairy cows

in the f1nlted St(~tes and one-halt of those 1n the British Isles

are bred rtltlclally. Until rec p ntly semen could be preserved

tor only a few days, which restricted the application or

artlflcl<tll insemln,~}tlon to ~lr€U1S or dense ct\t~,le populations.

A technologlc~ll adV;3nce in the technique of freezing semen to

low temper~;;,ture:s gave new impetus to the field, of t-1ntmal

breeding. 'the applic p tloh of this method has en8bled the

extension of ~~rtl fici"',l In~;aminatton to outlying districts

or lesser ct:lttle numbers.

ReseHnch being conducted ~)t pres9nt in ~rtlr1et8l

insemination concerns inve~tlgatlons or mo~e accurate semen

lity t8Rts, optimal conditions rOT the handling of seman

and improved storage t9chnlqu8s. The experiments repo~ted



here were Init18ted to study the tollowing,

(a) sample sizes neeessary tor the display or treatment

responses as shown by live I dead cell counts,

(b) optimal levell ot the components ot a semen extender,

(0) controlled and uncontrolled methods or t~e.zing

bovine se.en.
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WSOIS l2Ug stm!l
Mucb yarlatlon exiltl 1n the .ethod. ot handlin....en

tro. the ti.e ot oollection to inse.inatiOD. This appli••

particular117 to tbe .eanl ot ••t1..tin, I ••en qual1tJ and

to the typ•• aDd 1e.el. ot ext.nder co.poneatl.

Witb the exc.pt1on ot actual ale ot ••••n 1n the field

to derive oonception rat•• , quality e,tl..t •• are oontin"

to laborator7 deterainatloa.. Becau•• th••• muet b. conduoted

at hilher t ••perature. than are oo.patlbl. with the retention

ot .ax1aaa .pe~cell livabillty, laboratory te.t••u.t b•

• a s1.p1e. rapid and accurate a8 poslible. Viability, ••

deteralnel bl proportloD. ot differentially stained live

an4 d.a. 0.11'(.181' et 81•• 195'1) ia tair17 accurate .1 a

...Iure ot • ..en qualit1 and 1t tate. very little ti•• to

prepare the 1114e.. In .pite ot tbe talrly vide u•• ot tbi,

t ••t there is little indioation in the llteratur. rltvieved.

that s8.p~e 81•• in the aoantlnc procedure hal b••n deriYed

tro. statistioal lnterenoe. It va. tor this rea.on that the

flrst experl••nt was d••lgned to .stablisb the •••ple .1••

and countlnl procedure to obtain statistically adequate r ••ult••

Se.eral le.e1s ot the widely used extender co.ponants,

8041ua oitrate, .lyc.rol and ell-folk, hay. been IUIS.sted

a. optlaum tor spera BUrY!yal betore and atter tre••ln, to

-79°0. Beoause ot this wide Tarlanc. a lecond experi.ent vas

undertaken to deteralne the optt.. ot the.. extender co.ponentl

tor our conditions.



Prom 19~' to 19'3 the treelina of boYine ••••n va.

aohieved by a rather oumbersome ••thod which entaile4 tb.

readin. of te.peratures each minute throu.hout the tr•••ln.

proo••• (Poll. and Lov.look, 19S2). In 19S3 • It.pl.r

••tb04 val IUII•• ted whiob 1. us.d o01ll1lerolalll tocl., (Pol,.,

19S3). In tbl••tu41 a ,tlll 11apler ••tbod ot tr•••ln, i,

In.e.tt'8te4 vhlch, it 8' .fficient .s the tr•••lnl ••thods

••ntlonecl abov., would ,erve .s a luitable lub.tltllt. tor

th•••



LITERATURE REVIEW

P.t'rm1natton or Semen QU!l1tl
With the .xception ot actual us. ot I.men 1n the f1eld

to d.riv. conception rat•• , quality test. are confin.d to

laboratory 4.terminatlo~. frequently us.d l8bor~tor1 t.sts

are ••thyl.n. blue reduction, r.s.surin reduotion, .p,~

conoentration, percent motilit7, percent viability, respiration

rate, 1110011t10 rat., livability, hj1uronlda•• content,

00101', fractol,.l. index, abDor.alit, determinations, pH

chanc., opaeitl ••e.Burn.nt. end pollution ind.x. It hal been

pointed out by anl worker. (Branton .t al., 19511 Bi.hop

and Hancock ,19S", Buckner and Willett ,19SO, Cupps at 81.... 195'3'

Irb .t a1.# 19S01 Jolmlton .t a1... 1'''2) that DO si1nglelaboratory

teat i. its.lt hlebly corr.lated with tertilizinlpow.r,

but that 8 eoablnstioD ot testa 18 nec••lar, tor accurat•

••ti.-tiona ot s.men quality. 'ariou. co_binatioDa haye

been tUle4. Bratton et al." (19't9) t leetc: and Sall.bur; (19lt3)

and M.rcier and Salisbury (19~6) have indioated that a

1004 ••ap1e Il'Ut conta1n at l ••st 900 x 106 .perutoaoa

per 111. and reduce .eth,lene blue 1n nine ainut•• or 1••••

Sine. then Branton et 81. (19S1, 19S3) have reported that

to be adequate tor artifioial breedlnl .emen ~.t pOI••" at

least 50_ initial ~tl1it1, 500 .tllion .per.atozoa per ~.

(d.t.~n.d b1 h•.ccyto••ter, photoelectric colorl••ter or

opacity .tandards), and a ••thylene blue reduction tl•• not

axe••din, nine mlnute. (asinl 3~ atl1ion spermatozoa per mi.).



Branton also stf'. ted th,~~t semen must be extended on the basis

of number or prog"-es~1'lely motile sperm!'! tozoa r"i thar th0n by

volume (12 to 15 million motile cells per ml. of extended semen).

Vandemark at a1. (1945) recommended methylene blue reduction,

spermetozoa concentration and initiol motility estlm~tes for

routine prediction of semen quality. H~'rvey and J~ckson (1945>

made use of motility and abnormality estimRtes only. It was

suggested by Reid et a1. (l94q) that pH change during controlled

incubation is 8n accurate, slmn1e and rapid test of semen

qUAlity. A eorrelation of f).Q4!".03 bet,,.ieen incub~:tion time

(at 100oP. until motility ceased) and conceotlon rate was

round by Ludwick at ale (194~). Lasley (1951) reported the

det~rmlnation of percent mottle cells by means or a hemocytometer

to be a good measure of semen quality. Erb.t ale (1952)

disclosed that a modified resazurin reduction test offered a

simple rapid method for estimating fertilizing capAcity.

Cuops at ale (1953) asserted that percent dead and percent

abnormal sperm were more closely correlated to fertility

than motility, fructolysis index or concentration. Bishop

and H:ncock (1955) have repor-ted th~t concentration, percent

living, and impedance ch~nge r~equency are the most useful

indices of the fertilizing CApacity of bull semen. Several

worker~ consider viability as a fairly accurate measure or
~emen quality (L;;sley et al., 1942; L&sley,l944; Mayer et

al., 1947, 1951; Madden at a1., 1947; Emlk and Sidwell,

1947; Swanson and Bearden 1l951, Bonadonna)1953;
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and Bancha. end Haneock,l9;;).

'ac111tie. would not permit the US8 ot conception rate

as a S8.en quality test 1n the present work. The laboratory

tests used were peroent motility, percent viability, and

sperm cell concentration.

E,tablJ.lhment ot a Countlnc Prog'dur':
Several variations have been sugg•• ted 1n the literature

concerninl the number or celli whioh should be counted.

However, very little vork hal been conducted to determine

sample 9128 tor statistically adequate result_.

SallsbtU7 et al. (1,-'2) baaed their conclusions on a

count ot ";0 lteraatoaoa per treatment. LaeJ.ey.t al. (191+2)

combined the counts troa several fields to • total ot sao cells

per s11de. &1"1'7 and Jackson (1C)!+~) stated that a count

ot !tOo to 600 spermatosoa gave surficient accuracy 1n work

wi th h\11l8n ....ft. In routine practice the" found 8 count

ot 200 to be within 3~ ot a count or 400 to 600. Variation

amona counts made b7 dirferent observers were or about the

sa•• order. Ba.-ond et al. (19~7) used sixteen field' and

counted a total ot at least 1~ celli. Shatter and AI_quilt

(19~a) made tour slid•• tor each treatment and counted 100

cells per s11d'. In Oood'. (19lt.~) translation ot Russian

work, it 1s indicated that at least ~~O spermatozoa were

counted to obtain a reliable estimate or pathological torms.

Rowson ('o1g.,19,3) calculated the perc~ntag. ot dea4



spermatozoa by counting ~O fields per test whioh included a

total or aor. than ~ spermatozoa. Dunn aDd Cruthers (l9~)

used two vials tor each treatment and .ad. two slides tro.

each vlal. Mixner and Seroft 1n the sa.. yeAr declared it

sutficient to count .pprox1~tel7 300 spermatozoa on .ach

s11d. (priyat. co..un!.ation)19S~).

In the lit.rature reviewed, the number ot .p.~to.o.

counted per treat.ent varied tro. 100 to 600 on on. to tour

s114'., and included lev.ral field. per treatm.nt or obs'M'8,tlon.

PI~'lIIID8Slgn ot PRJ;luJ. Ley,l. ot kt'nd,r CQIIPoDmtl1

Seaen extend.rs hay. played • ..~or roll in the luce•••

ot artificial Inle.tnatlon 1n dalry cattl.. Beste 1n the us.

ot extenders was the work ot Phillips (1939), who first used

egg-yolk in the extension ot ball ....n.Be prepared an 811­

yolk-phosphat. extender conal.tine ot 3 parts yolk. 2-3 parts

or • phosphate butter. An important adY8ftce WIS the introduction

ot an elg-yolk;.041aa cltrate extender by Salisbury et a1.

(19.1). HUrst (195) la14, "A ..jorlty of the artificial

breedlnl 81soei8tlons in the United States today use 10•• tora

ot the ell-yolk.sodium citrate diluter. ff The use ot the word

"10.." in this quotation il an indication that at thet tl••

there vas either little 81reement concemine the optl.al leyel,

at the extender components, or that the opt111l81 lev.ll varied

widely with chang•• in enVironmental conditions. Man7

variatio~ of the original extender, as prooo.ad by Salisbury at

a1. (1~1) are still in ••e today. Ex-aDl•• of 10•• ot the

variation. used are as tollovsl
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Salisbllry at al., in 1941, recomMended erpHil portions of

egg-yolk and burr~r. It was suggest"(J by Mpye!' and L1I519Y

(1944, 1945) that less th[\~ 50% egg-yolk could be uS9d. They

discovered an egg-yoll< traction that was insoluble in alcohol,

acetone OT ether, which in minute amounts WBS beneficial in

protecting sperm r;guinst temper!'; ture shock. !his factor

acted as a butter agnlnst drastic changes or temperf'ture,

osmotic pressure and pH. The egg-yolk fraction at an extension

Tflte as high as 1 partl 2,,., parts ot' burf'er gave better

protection than whole egg-yolk. It was suggest~d that the

protective Action of the egg-yolk might be obtained at a lower

coneentretion than 50~. Swanson (194Q) report~d that a yolk:

eltr~te ratio or 113 gave results equal to the III ratio

recommended by Salisbury et ale (1941). This was conf:"lrmed

by Stevlt;rt et ale (19'f). A 1'7 ratio gave 1nf"er10r results

(S~anson,1949) -- conflrmpd by Olds at ale (1951). Swanson

eoat1nued this work nnd in 1949, stflted that al thO?lgh 10%

of" egg-yolk was sufficient fo'!' protection r--g": inst cold shocl.{,

motility was lown'ed ~~t th",t level. The reiuetion In Motility

W~5 not evident pt the 21% egg-yolk level. SwaT/son's sngre':'tton

th~) t extenders could cont!:'! in less th"" t ,,'1% ec:g-yolk eent~:red

~ l"ound time saved, lessened expense, 1''1:1 e:'~; ter motility

e8timntions (lass yolk fets to In erfern with the mlero~copic

observrtton of" individual soerm::tozoa). Hurst (195'1) comp('red

1
The perc ntRge or egg-yolk Indic~ ted 15 the rlnn] concRntrDtlon
unloss otherwise specified.
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20_ With ~_ .,I-yolk and obtained 61 and 66_ conception,

respectivel, (6S da, nOD-return rat•• >. atter colleotln, data

Oft S37 first servic... In thl. experi.ent BUrst a.intained

• level ot O.lM or 2.9~_ lodium citrate. Salisbur7 et al.

(l9~) and Willett (1949. 19") obtained lattsractory re.ultl

witb 11100 e'I-,olk=exten4er. Herriok (19S0) IUCle.ted •

pasteurlseel s..en extender which vas a.4e up ot 3 partl

ho-e,enls" ell-yolk I S partl ot lodiu. citrate solution. ae

va. abl. allo t. l1ophill.e the product tor storsle. !hil

was based Oft O.1M or 2."'_ .oc11Q11 oitrate. In the 19SO

report ot the lational A"oolation ot Artificial Breeder.

(_.A.A.B.) it 18 indicated that one-balt ot their It-8 ...ber

U1l1t. "ere u.tlll 1••• than 5'0_ ell-701k and ••veral ot the••

were ~inl a ooncentratlon •• low a. l~ t. 16_. Almqui.t

(1951) ooapare4 el.-yolk I lodiua citrate ratios ot 111, 1'3,

1'5', a114 187. Be obtained DO 11cnltlc8nt d1ttereno•••tter '

ooll••tinc nOll-retarD data troa 8,222 tir,t .ervice cow.. R.

cono1uded tbat 12.S_ ell-yolk ,ive. re.ult. -1JIo.t equal to

~O_ (tre••tnc va. Dot ••rrled out tor thi. experi.ent). Pol,e
and ROVloa (195'2) u... an erten4er ¥bioh in tt. t1nal

coab111stlon contained 2S~ el,-yolk with tbe .o4i1Dl oitrate aDd.

cl1'oerol constant at 2.'" aDd 10.0_, re.pectively. Dtum

and Bat. (19S3) repo~te4 that .II-yolk extenders 1n 8 tinal

comb1Datlon containin. 10.0_ 11,oero1 and 2~ ell-yolk were

luperlor to other extenders contalnlna 27.S and '0_ eCI-yolk.
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Flereh1ne_r et al. (19;3) atl11 used 1 part egi-yolk to 1 pari

lod1u. oitrate, whereas Graba. and Marlon (19;3) clal.... lO~

ece-yolk to be the best. Hur.t (19S3) also used 2~ e.,-yolk.

Thacker and Al~ulst (19;3) experl.ented w1th 111 and il3

eCI-yo1k I sodlu. oltrate and found the 1,1 rat10 to be

superlor. K1nne, and VanDe.rk (19S't) found that extenders

oonta1n1n. 16 all4 2"'~ .ce-yolk cave better re.111 ts than an

extender conta1aina 3~ ell-yollt. Tbe, cons1dered tbe

opt1mal levels to be 111 .e.ea I yolk-cltrate witb tbe

add1t10n ot 1~ Il,oerol. O'Dell and Alaqulst (19~) us"

It3 *IC-yolk , .odlua cltrate 1rl tbell' work. SerAlt aacs Nluer

(19"') reported 0",1..1 1'e.ult. wltb lS:C eCI-folk whet...

aa,da.. at a1. (19"") t·OW14 2;~ -e.-,olk to el.e the beat.

1'8.111t.. Sarolt and MiDer (19;;) studied the resul t8 or
tre.aine ••"n 1ft extenders cOl'1taln1n1 18.... , 23.0, aDd 21.6% .

eCI-701k .s well •• 15', 20, 25' allCl )0. ln • 1.8Qon4 experl_nt.

Tbe, obta1nedthe best results with ~ eil-,olk (tbe glyoero1

1e"81 wal~). Hats and 11110it (19;;) added ece-,olk to

botb tbe citrate solutlon and tbe .1,e_ro1 citrate solution

as compared to tbe usual practice ot 8441111 allot tbe ecc­

yolk to tbe citrate aolut1on. Tbe, obtalned superior resulta

w1tb tbe egg-,olk added to both portions. Cracle et a1.

(19S~), tor thelr work on levela or sod1ua citrate, 117cerol

and equilibration ti.es, standardized the ell-folk level at

2lt.~.

§.0!11!la_c1t.ta! __1,lv,l1.1

Tbe tirst sodium citrate extender which appeared in'



pu1t11.b" tera va. that pr••GrlNd " ••1111MJ7 ., al. (1"'1)

til vIlteh 1/'1.' .. 3._ ...t_ eitrat. va. u". llu. , ...

• TU ... Lall.,. (1""', 1"'''' t ... tbat 1.3_ ."ta eluat.•• ..,.n•• .. 1 .. ...-. 1a11.1Ma7 ......' (1"',) .••tUlllIl"

that 3.6_ .1 .,'1_, wl'b ru1l1t. N1q obtaill" vitia

a._~1 wU. lal1•.., ". (1,a.1) ttu.~ ...1...

•,.. ...... •t 1._ 1_ .i'rate. .. (19Je.8) • ..,.ret

1, ., 3, " 1. et'"t.....lttat lMI' r ••1I1t.

vitit 3_. ••n1,. wrt .4 all. v1'h ._. .., ...

lira'" (1,..,) _ ..bit vitia 3.'_ la til "ea•

• ..,........., ••, l ..., r.o. 1·-' _. aM t "".1 .. 3$

,. lie .,t'--. ''''-1'_'' .1. (1''') .,1.,... 3.6_ a. 41t

..... aM , ... 1. Ute .... ,.•• 1111" eat "1,. (1''')

.... ).~- t. ,t,..,. 111.~t 1 '- .t1I4"
tr....... .., .l1a4ld.' (19n, 1'''' ) 2._ .04t_

et'"'. ,. hi. lfftft. 81.... al. (l'J1) fit ~

..... elv.'e. Daaa •• a1. (1'''.191)) t .... ••_ ....

•,t.1 ~ttav"l••n after b7iaIl." 2.', I.' a" 3.6_.
f1ereblqe ., al. (1''') elatae4 ~ te ....pt1Ml la ••1-

mit aM 1.8_ la Idlt .....ft. Pel,. (1'''3) .... 3._
...t_ 81t"t. top tNedlq • .,......, •• anll••' al.

(1''') Ora.,. .,.... (19,a.) 1RW~.. ' vitia 1.6, 2.3.

3.0, 3.6, _ 1_ .ttN'.. Ib.,. t the opt'--

l..et te 2... a.e.,••,t.. of 1.6_ i_ .ltlt.'e

a" .....- .ocI1_ .t'rat••,pea lie ••triaeatal. Daaa

... Cntb... (1''') .... a.3d t••tt"t. 1ft .. apen...,
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•••1.." t. 4.t.1'II1•• lI1Il1al ...,1. 11.. t .... ..tll1t,

ob••"8t1.... 1111.".t al. (1'~) •.,1.,... 2_ ...1_

oltn'. 1••et.rIIlIl1nc tn•• ... r ••1I1t8. CIftJwI aM
,"

.18t•• (1'''') \11" 2.~ ...1_ .itrat. 1. a. e••-,.lk

extat... I1DU7 aa4 '.DD_rt (1''-'') .... 1._ 1_

el'nt. ill ••t ..., t •••'.ftI1ae tbt ett.., .f tr l..

11'" ." ..,.11&:. lila. (19~) u .. 2.1~_ .f ...1_ .1~..t.

1n .. at..... ...,.rl t1l4,. O-DeU aDd A1IIcI1Il., (1''-')

wl'klal vl'" 1111_ .... 2_ 1_ .1trat.. ..". n al.

(19"') 118" a._ .041_ nUtat., a. 414 :e"ea ., al.

(1'1") •
1lP.-a\)ar•

... a ........ '" Pol... hi.. aM Pan.. (19'19) , ..,

.,...._......u " be•• vitia ft17' l1t'1. 1... • t _tut",

it 1111I-,..1 •• laoltld... 1a ,.. •..,...1Il....1.. Alt1aeq1a

t .... verI&:... are •••raU,. ........ t4t 1MI _. ol1.llaat..

•t the tn•• .......1q••, tb., .er. -* tlae ~"t ..

..... IlJ'otNl fer tbll pu,.... ...taaa, t.a 1~ tn.."
bo ·C. 1a a ttal ,t• ., ,

_ '1,.. 1 ( , .1.)1''''). At tlal. t_..r.tv~,

b , til••'.rial ..,.1114 .., 'be ••114. .. 414 BOt ~..s•

• , t te a.,. 'Yery 1 '..,.ratv•• (Pol,_ -.. Part••,

1,'1). ....r, .... Bo.t ,.. aot ,he tir.' to tr....

I" AI "at~"••' 111 1866, bes.~ .,..to... t.

-1,oc. w1tb ._ avrtftl (..... et &1. ,,1''''') -- l17ouo1



val ..t \l.... It 'I .tateel tbat haaa .p.nat.... are tb•

• It rellat••t t •••••••• of b••t. 1_••1 (1938), not"

tba' _ p••porttOll of baaa .penat.... .~..... rr•••tq t ..

_.pa"1:1.,.17 1... pert... _t ."ea. "1,. et al. (1"'"

•••r. the ft••, t. tr•••• tow1 .'.rat...... -19 e.,
-14erl.. ,be •• of alTa..1. !be ltrAl ot '1,....1 ....

tor thl. ""Oft vu ., • tbal eODMlltp'lea or 10_ te t.V1

.'.rat....... _ tor h_ l,.n. IIIlth ... Pol.. (1'.'

ot»tal." .zt_ .vnftl an., b •••ln. WU .,..., ..

•xt..... t. _..tala 1" _10_ ,1,....1. ., tbll 1 1 •

• f tlleWU .,... 1IFri.... ,....tq. 1.* Pel,.

(1'''') !&at .fIIrt f.n1'. a1.. 01117 10 to i_ '1,......1
ta ttaal tt.. wi... " '1,....1 .lytq aJae., ttq..l

re.1I1t.. . • 11" 11••tdaw (l,JO) t , 1M11 ...

••.a _ .en." 'e •• est., .t nlrltq art 1_ 1111,

'" -,,·e., 1..... pea... • t 1.1 tft 10_ 11,...1. Pol..

... ..nee (1"1) HItOr'''l' te 20_ .17eftOl te be .,tlal•

..., "1, LeY.l.._ (1".) ... "1.. (1'"' .cnat1....

• I1aetdaw'. wr' (l,JG) , .., 7.'1 .1~ l11e.ftl

........ r••1I1t•• h ....' (1,'1) ••ni" ft' all .,.-1...,

to t.,...... tile •"tal 1...1 .r .17e...,1. '."eta... ot

0.1'. 3.0, '.'. 10•." 11.0, 13.8 .... 1'.2 "e.....par"',1._ lAY. tile 'be.t ...a1t.. ...., .1. (1,S3) 1••tu4Jia1

tbe .tt..ta of ant1_1.t10 , to.. 118M 1~ 11,.....1
1. nul _••••t ...'1_ lrabaa Karioa (1'~) toul

1~ t. be I.,ettle.. te l' .. 20_ .1)'eerol. ...,her.OIl.act



and Henderson (19,3), and Macpherson (19~> used lO~ glycerol

in their work with milk extenders. Stover (19531 used lO~

glycerol in treezing bovine spermatozoa. Cragle and Myers

(19~) studied a range or ~ to 1,. glycerol and found 7.6_
to be optimum with good results trom 7~ as well. Miller and

VanDemark (19~) tried 0 to AO~ glycerol and reported 1~

glycerol to be optimal. Since then 7~ has been used by

Bratton et al. (195,), Dunn and Cruthers (19~)t Kinney

and VanDemark ~(195'+), Kimer (199+>, Blliott et ale (19;t+.) t

Erickson et al. (19$lf.> and Williams (195'+). Mixner and

Sarott (195'+) stUdied levels ot glycerol trom 2., to 12.'~.

Results indicated that extenders containing 7.'~ glycerol

1n tinal concentration gave a greater percent ot motile

spermatozoa atter freezing than did extenders containing

S, 10, or 12.,_ ot glycerol. O'Dell and Almquist (19~)t

tound levels ot 10 and 13~ glycerol to be better than 1~.

Bunce and Sherman (195'+) claim 10~ glycerol to be best tor

human sperma.tozoa. Van Rensburc et al. (195'1+) obtained

good results usinC lO~ glycerol. Graha. and Erickson (19Slt-)

obtained good conception rates using lO~ glycerol in _gg­

yolk extenders. Snyder et al. (1954), used 8_ glycerol

in tinal concentratlOll 1n comparing frozen and unfrozen

semen. Sarort and Mixner (19,,) carried out two test~,

the first using 6, 8, and 10~ glycerol, and the second using

" 6, 1, 8, and ,_ glycerol. They concluded that 8 tinal

concentration ot ,_ glycerol gave the best results. trom

the•• reports one would expect that the optimal level of

glycerol is most likely to range between 6., and lO~.
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EXPERIMENT NO. I

ESTABt,SHMENl or A COUNIXflG PROCEPYBE

ObJectiv., I

(a) To establish the sample size and counting procedure

to be used in conjunction with Mayer's et a1. (1951> 1iv.,

dead dltr&rential stBlnin, technique.

(b) To .tudy the magnitude ot technician difterence. in

the countin. results.

(c) fo determine the etfect on the viability ot bOVine

spermatozoa of tre••lng by controlled and uncontrolled methods

ot temperature decline.

Ma teriel. and M'~1IRdI.1

(a) !;xR,81.1Ilent &l_pl.oJle4u.te _

On the day prior to semen collection sevQral solutions

were prepared and stored overnight at ~C. These solutions

were 8 3% sodlW1l citrate (lf83C6B507.2B20) .olution, a gum

trag'lcanth lUbricant, a 15'% glycerol:.cltrate (3:') solution,

and a modified Mayer's stain (Mayer et al.~19Sl). which

consisted ot 3:' sodiUll citrate instead ot a MI8 phosphate

butter.

The semen used in the stUdy was obtl:llned trOll two

Holsteln-Prlesian bulll by ••ans ot an artific1al v~glna

(Gre.n and W1nters19~q). Two ejaculates ot 4 ~. and 2.5 ml.I

were obtained trom one bull. From the other. the second

ejacUlate ot 7 ml. was used. Immediately following collectlon



until arrival at the labor~ltory, the semen was maintained at

body temperature. The lample. were then cooled to roo.

t ••perature (2~oC.) in air while stained slides were being

prepared for a viability estimate.

The staining solution and method of staining used vas

a modification of that recommended by Mayer et al. (1951).

In this work a 3~ sodium citrate solution was used instead

of an M/~ phosphate burter. The water used in the staining

solution was twice distilled, the second distillation being

over glas8. A tresh staining solution was prepared tor each

experiment and stored in the rerriger~tor at ~C. until

required. Prior to its use, the staining solution wa~ warmed

to room temperature. The slides were prepared and dried

within a few seconds atter the staining procedure was started.

They were then placed in slide holding traYI which were kept

in dessicators until counted. The counting was completed as

soon as possible following the preparation ot the slides.

During the counting procedure the slides were kept dry with

the hot air blast of a hair drier. Of the four slides made

from each sample, the poor.,t prepBration was discarded at

the ti.e ot counting. The slides were labelled with a wax

pencil for identification.

The three ejaculates were extended 1110 with 50~ egg­
1

yolk, 1n 3~ sodium citrate, in So mI. erlenmeyer flasks.

The.e tlasks were set 1n a vater bath at room temperature:

~ The method or egg-yolk preparation is given in the appendix.
All equipment and solutions which were in contact With the
lemen were also at room temperature.



which wei then placed 1n a refrigerator. Th. extended ...en

val cooled to s"C. over a period. or tour houri. At this tt.••

an equal volume ot l~ elyeerol In 3- lodlua citrate vas

ad4ed to the extended ••men in .ix ItepI, at S .1nute lntervall,

1n portions ot~, 12, IS, 20, 23 and 2S~ p.r It.P.

The tinal extenlion ratio was 1121 <I..enl.xtender). The

solution consi.ted ot ~.S_ I ••en, 22.~ e'I-701k, and 1.1­
Ilyeerol in 3- lodi~ oitrat.. All solutions vere ..lnta1ne4 at

SOC. 4urlnc the Clyc.rol addition period b1 a44t"g Ice cubes to

the water bath. !be pipette. were ..lntalned at .pprost••t.lT

rf'C. bJ' flu,hi.. the cool" 3_ soditlll citrate. 'o11ow1ftl

the ad41tion ot Ilye.rol, the a.aple. were retume4 to the

refrigerator where equilibration continued tor 18 hour••

l'ollovll1l equilibration tb~ sa.pl•• were lentl, agitated
1

and 1 111. vas .etered. out into eacb ot the 3 labelled fla11

per tre.t.eDt b7 Ileans ot a 2 111. eyringe aDel a 16 G. It

inch .tainlesl ste.1 needle. Ibe 11as. ..poale. w• .,..

henetlcall1 sealed by application. ot an OZYlllethane n ••••
Durinl the entire cberlin. and sealing procedure all

o
equipment used vas maintained at ~ O. and tbe viall were

parttal17 i ..ereed in vater, which wal maintained just aboye

tree.lnl by the addition ot Ice cubee. In the event ot

breakag. another v1al, already labelled and cooled, val

charged and sealed.

Two vials or each or the three ejaculates were rro••n,

1 The vials were permanently identitied by aarkinc with
"Lablnk", whlch wal applied with a .~Y-alght pea, and
tired to a red heat.



one b1 "Pre••ing Method 10. 1" and one by "heezing Method

Bo. 2". Pr•••ing ••thod 10. 1 vas ••odification of that

outlined bY' Polg. and Lovelock (19,2). Several workers ha••

stated that slov initial cooling to _100e. tollowed by rapid

tr.e.lnc to _19°C. 18 most cOllpatible with aan.. retentlO11

ot 11Y1nl celli (Bratton et al.J19~ and Blliott .t al.,19~).

The tr••11nl 1n Method Wo. 1 va. oontrolled. to a decline In

te.perature •• graphical17 repre.ented in rtcure 1. Pr••zinc

Method .0. 2, which hal liven ,ood result, 1n this lsbo'ratO!7,

inyolyed the burial or .ealed ••poul•• ot 117cerolate4 semen

in a vacua. flask ot crushed dry lee. A tree.lft' process

luch .S this vas first outlined by Bruc. (19S3). tbeaetbod

va. -UII.lt.. to Bruoe b7 Pole. in private communication.

1r1ao.~obtalned 1004 recover, rates by placina a.poul•• In

a ..tal can which va. tben plaoed 1n a dry lce stopal. box.

Fr•••inl was ettected ,ra4uall" by cold air. Sherman and

BunC•. (19,3) 'eported that hUUD Iperaatosoa. tro.en by

,lacing the nal. in an insulated box contalnine 4r7 ic.

vere 67_ Viable alter 3 ~nth. .tora,_. !he IUCC... and

s1mpliolty ot thil ••thod warranted its co.partson with

that ••thod d••oribed byPolge and Lovelock (1952) in whioh

ti.e.t••perature relationships were controlled. The vial.

or tl'oS8ft •••en vere stored at _79°0. tor 21+ houri in a alxture

or dry lce and acetone berore beine thawed at ,oC. Thre.

slide. were prepared from esch or the three vials tro.en

b7 the two ••thods eivinl 8 total ot lq slide••
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All glassware ~as cleaned by the standard methods outlined

by Green and Winters (1948).

lllilliedlately after USE, the artificial vaginas ~c~e flushed

with warm and then with hot water. No soap or detergent was

used. Upon arrival at the laboratory the vaginas Aere

disa~semb1ed and thoroughly flushed w1th hot water followed

by a rinse in distilled water. Defore hanging the liners and

director cones to dry, they were rinsed with alcohol as a

disin["ectant and to ha sten the drying process. Paper

t o'lI€ls WerE? then used/0wra p the ljners and cones in storage.

(b) ljelh.Qd_0,':: £.o~n11ng_c~lls_a!ld_s!a11.§. tlclll_a.nalYJ!i.§.

To obta in Jr;.forma tiOD a s to d i r terences bet'#sen

technicians, the counting 1n this study was independently

performed by two technicians.

Two In€:thod 01" counting we·re compared. Count A

involved two coun s of 500 spermatozoa on ch of two slides

selected at random from the three slides prep~red for each

vial of each tre~tment. Count A was therefore compl~ted by

counting 2 slides x 2 counts x 500 sperma to,Zoa x 2 tt':chn1clans:

4,000 sperma tozoa per tr(~~3 tUlent. Count 1 '~"as IW.i_.S on the upper

half or the slides by traversing horizontally until 500

spf'rm21tozoa '.'It:.:re count~d. COUtu, ~ was D'lCide similarly on the

lower halt or the slide.

A second ~ount, at involved the three slides with two

counts of" 100 spermatozoa on ('ach. By this mEthod 1,200

s rn:)tozor~ 'Here couhted p€~r treatment (3 sljdcs x 2 counts



z 100 speraatos.. z 2 technlclalll). Count 1 val 1184. on the

ri,ht halt ot the .lide by trayerl1n, .e...t108111 aDd Count

2 vas made .1.11ar17 on the lett halt of the .lid.. AU

cell. 1n encb tie14 of obieryatloa were counted.

A probl.., whioh 11 enao\Ultere4 cll1rlnc the vlab111tT

oountin. 1. the .,p.araao. ot .el1. wb10h ape t.~" "halt.

Itaia.". the ant.rlor portion of tbe 0011 1. olea. aftd tbe

po.terior pOrtion 1, Itr:aln.e4. .0 account ba. been. found

whioh .att.taot.ri1T expla1ft8 tb. cau•• of thi••tsiata,

phenoaenoa (Broehart, 1953, l1aho, and Ra"e..11 ,19"'" • !h.

"balf••tata.· 1ft Ixperl.ent 1 wer. DOt ooant.., eitber a. 11"

or 4••4. ft....1Mr ....mt.......ppear" to De falrlT oem.tant,

pr.....))1,. d.e t. the routine -JUlep i8 ¥blob tb••114•• were
prepared.

to 8nal7l. thie In e.tl.atlO1l .tatl.tieal1't no.....11t7

ot cll.t.l'Dutl.. w, Aa .nal11t. ot .,.1'1aa•• was

carri" out .a4 tb. nece.e.ry ditterenoe. nr. .alcrulat ..,

atte. 8.ed.oor (1970), to te.t to••tcattl.ant 4ttteren•••

betv'" -3••118t••, OOQDtlDI ••thod" tr•••tDI ••thed.,
t ••hnlclaa. and thet. lnteraett0D8.

1·'llt· _ Rj.'I"'S.,n At Rt'J;LH

!b..... tr••t-ent r••pon••• are GODtained in fable 1.

Bach ayersi. va. obtained troa 60 ob.erYatioD' except tho••

tor the eoun.t eo.part.oft. 1n ¥bleh the Count .l and Count I

averac·· were derived troa ~8 aDd 72 obierYatlon., re.pectlve1r.



TABLE I

MEAN RESPONSES TO TREATMENTS (,. UVE SPERMATOZOA)

Count A C OUllt B

Freezing Ejaculate TeelmieiaD A Tecbaiciaa B Teehaici.. A Technician B AverageMethod Bull Num.ber Avera,. Avera,. Av.race Average

A 1 49.8 50.0 49.8 48.7 49.3

1 A 2. 54.2 53.5 53.0 50.8 52.9

B Z 56.6 56.2 56.6 55.3 56. Z

Averag. 53.6 51.2 53.1 51.6 52.9

A 1 42.3 50.0 38.2 43.8 42.6

Z A Z 44.9 45.2 43.2 47.8 45.2

B 2. 43.4 47.2 42.5 49.0 45.5

Average 43.5 46.1 41.3 46.8 44.4

Overall Average 48.6 49.6 47.2. 49.2. 48.6



2'1--

differences bet~een mea~s ~nd the neces3ury dir:~r8nces.

!t will be obS:::I'VE'd tha t tLere A') s no si;;:nL·jc'.nt

dH-t'erence bf~t?Jeen count:ing methods A r.md B (2000 cells vs.

600 cells per treatment).

Considering the comparison bet',,,een techn1cinns, the

while tha t or l'("chnic ian B 'tla s '+9.42%. This d if terence of

1,54% #as found to be s1anificant (p(O.05) with a necessary

difference of 1.37%.

The avertsge viability after freezing by Hethod 1 was

52.9~t as compared to 1+1+.4~ for Method No.2. By analysis

of variance this difference of 8.41% was found to be highly

significant (P<O.Ol). The necessary d1rrerence required

wB iii 1.37%.

The d1r;.-erence b€t,~een the ejaculates useddas also

highly significant (P(O.Ol) with a necessary difrerence of

The first order 1nteractioD or rrgezings x technicians

and the third order interaction of ejaculates x ereezings

x technicians x counts both highly significant (P(O.Ol). 3ig­

ntricnnce (f(O.o5) was found in the jntar ctlan or ejaculates

x Creezlngs x counts.

An an8lysis WB3 performed to determine whether or not

the~e was a signif1c8nt difference between the two counts

within slides counted by he thod 13 as re:g:H'ds the, Ii ve :dead



TABLE U

ANALYSIS OF VARIANCE OF EJACULATES, FREEZINGS. TECHNICIANS
AND COUNTS (, VIABILITY).

EXPERIMENT I

25

Source Degrees of
Freedom

Variance Dille rence
Between Means

Nece.sary
Difference

Total 119

Ejaculates 2 257.2••

Freezings 1 2133.6•• 8.41

Technicians 1 86.7. 1.54

COUDt. 1 19. 7

EJac. dreea. 2 36.6

Ejac. x Tech. 2 0.6

Ejac. It Counts 2 7.8

Fr••z. x Tech. 1 224.2--

Fre.a. x Counts 1 0.8

Tech. x Count. 1 4.7

Ejac.xFreez.x Tech 2 8.8

Ejac. x Freez. x Counts 2 68.Z.

Fr•••• x Tech. x Counts 1 32.6

Ejac. x I"rees. Z 95.3••
x Tech. x COUl'lts

Error 99 14.4

1.69

1.37

1.37

1.94

3.37

4.76
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ratio. !h•••an Yiabl11tl•• obtained tor Count 1 and Count

2 were ~1.3 aDd ....1_, r •• p••~ly.ly. !hi. d1rtereno. of

1.8_ val not 81cnltlaant •• the nec••lary 4itterence val

••laulated to be 3.31_.

Qpp,lu'1IAa

The ooneluI1oJ1l darl." fro. the data obtain" 1n

1x,.r1..., I are a. tollov••

(a) Ali rati. obtain" tro. a total count of

600 41tter_tla117 Italn'" bonD. l,ePIIAto... (100 .ell. OIl

•••b end ot 3 1114••) .1••• a lutttelent17 .cenra'. Yiabl11ty

••tl.-te ot a ...~ ...pl. tor p~eet1aal t ••ts of treataent

41tterene•••

fl») f ••)mt.lan 41tt.reno•• v1th r.....' to ,_. qualtty

4e'er1l1n.atlon .hould be r ..... III tb. aDal,..l. of expert...ta1

re.1I1tl.

(a) !he rate ot '.p."a'tnt. "eolia. turin. tN••tlll

lIll.t be oont"oll" vltbla talrl,. DArrow 11ll1t, bet..... ,eo.
au -sfc. te obtalll o,t1Jlal aun1.ftl of laoria. '''rII8tosoa

o
fro... to ..1f C.
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PiXf~R 1M ?~,rlT I I

UETEHMIN.TION OP' OPTIMtlL LEVELS OF' EXTENDER COMPOf\TENTS

Objectives.

(a) To determine the optimal levels or the extender

components sodium citrate, glycerol, and egg-yolk. tor

maximal sperm survival 8S estimated by live-dpad differential

staining and motility tests.

(b) To determine the effect on the survival ot bovine

spermatozoa ot treezing to -79°C. by oontrolled temperature
a

decline to -5~ C., with no control, and by controlled temperature

decline to -10°0.

(0) tp compare motility and viability 8S quality tests

tor a semen sample.

Desim and AnalYs1.I

A three dimensional central composite design was used to

assign treatments 1n this experiment. This design as

described by Box and Wilson (1951) and later by Box (19~)

1s adapted tor the estimation otoptimal operating conditions.

Statistioians at the North Carolina State College were able

to apply this design to experimental work to determine the

best conditions for the freez1nc ot bovine spermatozoa

(Cragle et al.~ 195,>. Using coded values for treatment

combinations (Tables 3 and ~) the treatments necessary to

determine the optimal levels of sodium citrate, glycerol.

and egg-yolk may be graphically represented (Figure 2).

Treatments 1 through A torm a 23 factorial expe~lment,
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Ooded 'alue.
-2 -1 0 +1 .2

Socl1_ Citrate • (Xl) 2.4 ).2 4.0 1a.8 $.6

~ero1 • (12) 2.0 T.O 12.0 17.0 22.0

Ir. Yolk • (I) 10.0 20.0 )0.0 40.0 SO.o

tABU: IV

OODED .,ALVES or m 'lUlTJIEH'fS USED
D

lIP!.IlIM1i;ft n
!reataen\ Coded .,&1...

lab.. 11 II I)

1 ·1 ...1 -l

1 +1 -1 ...1

) -1 .1 ...1

.. +1 +1 -1
; -1 ·1 +1,

+1 -1 +1

7 ...1 +1 +1
'8 +1 +1 +1,

0 0 0

10 -I 0 0

U +2 0 0

12 0 -2 0

1) 0 +2 0

14 0 0 -2
1; 0 0 .2'
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0,2,0
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0,0,.2 " ,

, 6)
1,-1,1
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,-2,0
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()*
-1,1 -1

(10)
-2,0,0

-2 -1 0: 1 2

*treatment Dumber

FIGURE 2



and the additional treatments, 9 through 15, form a fractional

33 factorial experiment. The 23 factorial experiment allows

good estimates to be made ot the main effects and the tvo

tactor interactions. The tractional 33 tactorial experiment

afford. a good method tor the estimation of the quadratic

effects. The linear, quadratic, and th. linear x linear

interact10n errects vere estimated by ute of the multiple

regres.1on aodel which toliowsl

y • B0+BIXl+~2+B3X3~Bl1X12~B22X22+B33X32~E12X1X2~B13XlX3

f' B23%2X3

where Y • ••timated response

I'. : partial regression coefficients

Thi. deslan 1. adapted to' .sttmatina a point or 11&:1:1111111

survival ot spermatozoa in teras ot the levela ot lod1ua

citrate, glycerol and e.g-yolk which correspond to that point.

The criteria used to estimate the .rfectivene.s or the

treat.ents were percent ~tl11t7 and percent Viability. Pi.e

level. were cholen tor each tactor being .tudied (Tabl. 3).

The treat.ents are always as in fable ~ when asinl a three

di••naional central compo.ite de.lgn with S levels.

It ls laportant to .s.1gn the ooded value "0" to the

1ev.l which one has rea.on to believe is near opti.u..

Treatment level, should be 10 designed that 1••• recovery

i, obtained troa "-2" and "2" level, than at the "0" level.

On. ot the calculations tor the determination or opti.al levels

1. inserted 1n the appendix.
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To ana11ze the responses obtained trom the three tr••zinc

methods an analysis of varl~nce and the n.C.81~r1 ditference.

were calculated tor both the motility and the viability tests.

'or this experiment percent survival w~s calculated .s

tollows,

~ survival or motile spermatozoa : ~ mo~it. attgl.~ x 100
, mette at colrectIOii

~ survival or viable sp.rmato.oa : ~. alt.r ,tRiac. x 100
~. at collec ion

Materials and M,tho4a:

On the day prior to_semen collection the solutions were

prepared and stored overnight at SOC. The tirst or th•••

were the .odium oitrate solutions. Sodium citrate CW.3C6B501.2H20)

in a.ounts ot 2.lt-, 3.2, '+.0, .....8 and ;.6 .... were placed.

into five 2SO Ill. measurinl bottl... 1'0 eBoh va. added doubly

distilled vater until the 100 .1. lUrk was reached, with all

ot the sodium citrate dissolved. These bottles were then

corked, labelled with vax penail, and stored in the refrigerator.

The glyoerol-oitrate solutions were then prepared. Various

amounts ot sodium citrate and glyoerol were placed into tifteen

labelled 2,0 ml. measuring bottles as shown 1n Tabl. ~.

Distilled water was added to each to the l~ ml. level. A

HaTem's solution, which il used tor extendinl and killinc

spermatozoa tor the determination ot concentration, was then

prepared by dlsso1vlnl O.~ gas. ot mercuric chloride, ;.0 ..s.

ot sodium sUlphate, and 1.0 pas. or sodiwa chloride in 21')0 m1.

ot distilled water. The lUll tragacanth and Mayer's sta1n were



TABU: V

OLYCEJlOJ.. SOLUTION COMPOSITION Foa EACH

01' THE FIFTEEN TIlEATMEMT. IN EXPeRIMENT n

Tr.atment Numb•• Amount of Citrate
, m ••

. Amount 01 Glycerol
mi.

1 3.2 1.0

2 4.1 7.0

S l.1 17.0

4 4.' 1'.0

5 3.2 7.0

6 4.1 7.0

7 3.2 17.0

• 4.8 17.0

9 4.0 12.0

10 z.• 12.0

11 5.6 .. 11.0

12 4.0 2.0

13 4.0 22.0

14 4.0 12.0

15 4.0 12.0
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prepared c:1~, i.'or 1'.xpE;riment 1.

The sewen used in this experiment was obtain&d rro~ one

i.ihortborn and two IIolsteln-t'rlesian bulls by means of an

;'11'tli1c.t:l1 v8 s Jna (Green and .Iinters,19t.8). T',JO ejaculi-ites

from €~ch of the three bulls w~re pooled tc give suFficient

voluble to conduct the experiment. lromedl~tely t"ollowing

collection, until arr1v~1 at the laboratory, the semen was

rna inta tned :1 t body teln1<2ra ture. The sample we s then cooled

to room temperature (24°c.) in air while the initial lLotllity

estimate was being m3de and the st~ined slides were being

prE.'pal'ed for the viability e:3tilI1':)te.

o
Estimations of' motilit~' were conducted at 37 C. by the

use ot' a slide wa rrner. A drop ot sez::en wa s pIa ced on a

microscope slide and covered with a slip. Low power was used

except when the rate of motility was very high, in which

ca sa both high and low pOwer were used in an affort to obte in

a hjghf~r degree or' accuracy. Two slides were made from each

vial. If a discrepancy was noted between these, a third or

a .lourth slide wa s prepared. The total area under the

coverslip was exart.ined for ehch estimation. All motility

estima tes were determjned by one technician.

HE, :.' ponse or
;~ survival :

motili.ty estima te a tter a liven stor:<ire time x 100
motility e~timate 1mrred1.atEly atter collection

Sperm cell concentration was determined ty use ,of a

h,H?fJiocytornetH' cO'vnting ch'iwber. A haemocytometer counting

plate is divided into halves possessin[ a total of 400 sQu~res
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within a aquar••11ll••t.r (2~ lar,. aquar•• of 16 .acb) on

8acb balt. Olin, hiah pover on th. mloro.cope, oDe.fitth ot

the•• square. were counte4. that 1., 'ot the 25 lar,•• squar••

on each 11d. ot the plate. !h••quares to be countecl we"
••1.ot.. at ranelo.. By oOlBpletlnl , repetltlona 1181111 • tr••h

.emen I.apl. eaob ti••, an a.erage Gount ot ~ apermatosoa

va. obtain". !h.retor. the concentration ot '''.'PIIato... ill

the pooled .a.p1. wal'

lto (eoUlltl) x S (square.) x 10 (1110 _. thielm••• ) z

1000 (to ohaftl. qtt, to 111.> x 200 (dilution) =l+Oo .11110n

speratosoaper 111.

Ixtenlloll va- oanl84 out l .....t.t.ly .tollov1nl the initial

qa.lit, , ••t8. It vas neO••,8P7 to complete the ha...e7to••te.

t ••t betor. eQerlIlOJl vas UDdertak.n in orcter to 4.t.ralll.

what .xtenllon vas n.c••••r' to result 1•• suttlelentl, bl.h

.p81'J1 oon.entratlon tor In••alnatiOD purpo... (to obta1D.

applicable re.ults).

Old••t .1.· (19S3) la••llinated 9, S5'8 OOVI v1tb ... to lt3

all110n I,e~t••oa per in...lnatiOD and obtained DO 11cnltloant

41tterenee. in eonc.ptlon result.. It was round, however, that

there va. a ten4~., tor th. hieber concentration, larle.

40s.,••, aDd de.per 4epo81tiona to produo. the hilbeet tertilit,

with an a.ersl. lDCrea.e ot 1.2~ in non-return. tor each 10

-1111oft additional spera depolite4.

In thil experiment tb. lnitlal coneelltratlon va. tound t.

be approx1.ately ~ .tIllon .per88tosoa per~. A tinal



extension ot 1121 (sellen to extender) would result 1n •

concentration ot about ~o million spermatozoa per~. Prov141ftl

that the vltalit7 ot this semen approxi..ted that used 1n

0148:' experiment, this tlnal concentration would be sufficient.

This meant that the I ••en would have to be extended 1110 witb

yolk.cltrate and the volu•• be doubled with .1ycArol-cltrate.

'1tteso ;0 ml. erlenaeyer flasks were fastened 1n 8

shallow tray with elastica to ke.p the. upright. Into .ach

ot the flasks was •••aured the cOllponent••8 shown in 'febl_

6. !be ell-yolk val round to be very bard to measure accurately

until the following method was devi.... ,

(1) Into a 1~ ql. cra4uate pour the required amount ot

.odin. citrate.

(2) Add liquid ell-yolk until the 10 ml. level is reached.

(3) !ben, without alxlnl, quicklY' pour the contents into

the appropriate erlenaeyer tla,k.

" this method the yolk did not stick to the sides or the

Ira4uate. the oontent. or each flask were thoroughly .1xed

and one al. ot the unextende4, pooled, semen vas p1pettec1 into

each flask. All erlen••yers were then corked and gently

rotated. Th. tray. contalnll1l the tlasks, wal then tilled.

with tap vater at roo. t ••perature (2...°0.) and placed In the

retrigerator to 0001 to SOc.
Th. extended I ..en was cooled to SOC. over a period ot

~ houri. MOtility and viability were alain checked, and an

equal voluae ot Ilycerol.8odium citrate solution vas added at



TABLE VI

COMPOSITION 0., THE YOLK.CITaAT& J:XT:ENDEB.

J:XPEJUMEN1' n

Treatment Number IodttUD Cltl'ate 1:1. Yolk
Am_t C01lcenlrati••

mi. ,. mi.

I • 3.2 2

2 • 4.8 J

J • S.I Z

.- • 4.' Z

5 , :1.1 .., 6 .... ..
1 , :t.l ..
• , 4.1 4, 7 4.0 :t

10 7 1.4 J

11 1 5.6 S

12 7 4.0 3

13 7 4.0 3

14 9 4.0 1

15 5 4.0 5
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six f:~ 1u:.::1 lntcrva15,ver ;) period ot" 3'5 m:inutf:S ;Jith 5, 12,

15, 20, 23 tmct 25;", 0:' trH":' tabl rl .ded .1~r interval ;;lccordlng

to the:: ex.per'1mf>nt.~-11 design. This mEthod of glycErol ;~dd1t1on,

hU3 given good results at thjs l'1boratory lnthe past.

lhroughout this time the sr:mplos :ma soh.t1ons 'Nere llk'11nt:dned

o
at 5 C. by 1mrr.ersion in ice Wet ter. The sa ojples were then

r~turned to Lhe re;riger~lor for a glycerol-equilibration

;,,;.r1od oi' 18 hours 0:'ter which motility and viability were

a 1n determined. N1ne one cc. portions of extended semen from

60ch trectmentJlere pjpetted into labelled lc.c. glass au.poules

and her~etically sealed. All samples, solutions and glassware

,Jere ll'laintained at 50
C. during these oper3tions. t<'reezing

Freezir~E i.i€thods Nos. 1 and 2 -",ere as in Expeyo1rnent 1.

l"rE'ez1ng Nethod l>;'"nO. 3 ~..j~lS introduced in this experiment. 'Ihis

that the teffiperqt~re WBS controlled by the gradual ~1dltion

or ary ice r~ther than by the gr8dual cooling et:ect or the

trcezjnt; bu thsDsed in the Cormer ,'reezing method.
o

'iJhen -10 c.
,/&.5 rf";ched the bath Via;';' i'illed with dry jce to cool the st:1Uit:.>n

o
to -79 c. as r''l-:1dl~! 3;, : Lsslbls, ',Vhf;rea::i in i"ethoct ],0, 1

thf:- rn IA.' of SoC. 1'(1' mirn.. te W:i" more or less ,:'Hl hered coo t,;n til

-'"55°c. '.'las rE'acfled (FolSe and Lovelock,,1952).



many ~r. vials oan be tro.en at the same ti•• and atter

-1000. is reached no attention need be paid to the tre••ln.

proc.ss until the v1all are to be stored.

Th1s
e

tr•••1n, method was first ..ployed by Stow.r (19S3).

He cooled the ••••n, b1 aeldin. lolid C02 to a 'Vacua tl•• t

oontalnln. alcohol, at a rate lutt1cient to cause a decline

1n t ••peratllre approxlaetlnc 1°C. per a11lute tro. SOc. to

-SSoC.' When -"SOC. wal reached the tlask: Vae tilled witb

80114 C02 and the t ••perature made to 4rop .ore rapid11. !b.

whole cotlb. operation took 6' to l' a1nute~ Maopberloa an4

Hel14er8011 (19'3). UiDI J:\11k .1 an ext.neter, 0001... ::i..en

tltoa ,00. t. -1000. s.a It-S '.l.11teQ and tro. -lrJ'to -lSOC. III

, .1nut... ..JbT. lc. va. then a4484 1n quantit,..
the rete ot t ••perature decl1n. tor h •••in. Jletbods"Xos.

1 and 3 tor Ix,.rl••nt 11 are crapbioel11 represented tn

'lIVe 3. Thr•• vial. ot .aoh trest.ent were tro••n by ••eb

ot tbe thr.. ..thocll.

Atter tr•••inc. the •••pl.. were stored tor ~ 4ay. at

_19°C. In • nou1UI bottl. cont.ininl 4ry' 10e. !he sa.pl••

vere then ":have4 117 .pplioatlon ot bod,. he.t. On. .,.lal vas

u... tor -ot111t1 e.tt••te. and Yi.blllt, atainin,. !be other

two viall were prepareel 1n the event that breakage occurred.

BtIi1ta and Pl.,u••iop ot ae.ul!ll
!be initlal quality ot the leaen colleot" was al tollov••

;;_ initial aot111t7, 66.3~ lnitial viability, and a

conoentration ot ~ .lllion cell. per .t.
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!h. results tor the 4eteralnatlon ot optlmua levell are

pr.,ent.. in fabl. 7 anel In the Appendix Table. An en.pl.

oalealatlon tor the deterainat10n ot the optlaua levela

trOll tbe treat.el1t re.pons., i, liven 1n tbe appen41z.

Conlt4er11l1 .ot111t7', 1t would , •• that the optlaal

18••11 or .041_ oitrate, Ilye8r01 aDel ell-yolk would approxi8.te

3.~, 12.~ and 33_, re.peott••1,. Vbether Itored tor onlT 23

bour. att.r oo11.otlol1 or fro.... b7 Method Wo. 1. In ttnal

oonoentration th••e 1...1, would be 6.2_ ,lye.rol and 11_
ell-JOlk in 3.~_ 1041a. 01trate at tbe exten.lon rate u."

tor thl. ,.,.rl...' (1... 1 part ' ..en I 21 part. a:teft4er).

'lb••• re,ult. are 111 a.oordafto. vttb the re.ult. of • larle

ftUllbeP ot author.. 1'0r ex.aple, 3."_ .041_ .,-,~t. lala

-ar....t witb Sa11.buJtj" aft4 lI10dt (19,,"7), Poot. and Bratton

(1""), VaDDeaark et al. (1910) and Pel,e (195'3) I 6.3_

.1JOerol Is 01••• to the re.ults ot all of tho•• workers

vbi.1I reeo_ended 1_. luoh al Miller and VaB'Deaark (195'f.),

aratt.... e' _1. (19SJ), Dana aDd eratbers (195'+), lCiMe7' aDel

YaDD..rk (19511-). MimeI' (1'''), 11110t' ., al. (19",").

Brlok.oa et al. (195't) anet Wl111._ (1''''), 1~ .,I-yolk

1. 18 aar••1I8ftt vlth "7.1' aDd Lal187 (19't4), lallslR1r7 et

81. (1~1), Stewart ., al. (1'''), Alaqul.t (1951), Dunn

aDd Bat. (195'3). Bur.t (195'3). KiMel' aDd VanDnark (19""

and Sarott and MimeI' (l""'l~ AD'T 4....1.t10n troa tbe••

le••ls aDd tbo•• ot tb. authors q11Ote4 abov., could be

accotUlt.. tor 1n tbe variation due to tb. dirterent extenlioll
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a Concentration of sodiua citrate. glycerol and egg yolk used.
b Coded values in parenthesis.
C Percent survival based :~n the avera~ or six c0mts(two counts on each of three slides) of one rlal per treatment.
d Per'~.nt aurvi:nl based on two or more obsel'T&tions per vial. ~~
e Percent IlUrTivals of one hundred or oftr vere obtained dur:ing the rive and ei!tAteell hour periods if the sample estimate

was higher than the avera·.... init.1al e8t~te made upon the semen sample before it vas treated in any manner.



rates used; especially in regard to the pe~cant of sodium

citrate end glycerol.

Concerning viability, the optimum levels of extender

components vary wid.17 depending upon the proposed length

of storage or the method of freezing employed. No report

has been found in the literature reviewed which is based

solely upon viability e~timEtes to which these result. could

be compal"ed. This investigation indlc~tes, that to attain

maximum viability, different levels or sodium citrate,

glycerol and egg-yolk are required than to attain maximum

motility. Also, more variation lsobserved in the optimal

levels tor viability between methods or processing than Is

observed for motility in the same respect. Bowev~r, it

must be borne in mind that viability and motility sre two

completely different quality tests in that the former

measures the ratio or liveadead cells whereas the latter

measures the ratio ot mottleanon-motile cells.

It was noticed that the motility estimates have a

defi(llte pattern related for the most part to the qUAntitY'

of sodium citrate used. The motility estimates w~'re high

when the level or sodium citrate was low and vice verss.

This same relationship seemed to hold regardless or freezing

method. It may be that the sodium salts interfere with

spermatozoan motility, especially during the freezing p~oceS8.

The cOlllpnta tlon of ~l corre1a tion coerrtciant lnJlca ted a
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nelatlv. a'iociation between viability snd motility estimatel,

althoulb, not significantly .0 at the S_ level (Table 8).

It would be ditticult to determine which i~ clo.er to

the proper value ot any •••01. 1n question without runnlDI

a field telt, however, it 11 lenerally coneidered that

sperm.toaoan .otllity il nece.sary for tertilisation. It

would .... 10lioal to believe, theretore, that in tho.e ca•••

in whioh no, or very little, motility 1. ob.erv.d, that

rel&rdle.. ot the nuaber ot un.tained 8p.~tO.oa counte4,

the lample 18 still ot llttle practical ••1•• (Cupps et a1.,

19;3, would be at variance with thill.In such a ca.e the

vlabllity co~t would either be in error or the celli would

be al1ve but Jiotloll1e•• (J.a.l.'t19S1).

It would appear fro. the.e oblervatlou. that further

work i8 required to inv••tiga'. th••• dittereno... In the

interia, ~tl1ity should be considered •• the ~or. accurate

te.t.

Pol1ovinc an exa.tnatlon ot the resultl, it appears that

the only plausible explanation concerning the optt..l level.

ot the.. three components 11 that the optt..l leYel or each

depend. upon the other two aDd upon the method ot proceillng.

It ••~DtltatlYe or qualitative lub.tltution v.re ..de tor

one of the coapon.nt. it would 1011ea1 tro. the tor.goln,

that the optimal leyell ot the r inln, ext.nder component.

would var1. 'or exaaple, it aor. or 1••• egg-yolk were used



TABLE VIU

ANALYSIS 0., VAlUANCI: FOil QUALITY TESTS USED
I:XPERJWENT U

10001'c. 0.,1"••• of Varianc. Dill.r.ace N.c....ry"I'•••om a.tw... W.an. Diflel".llc.

Total 52.

QuaUty T••t. 1 400.6.5•• 26.9 ••4'

El"l"ol' 523 106.1

I" : -0.223 (I' at 5" l.v.l froID talJlee • -0••'2)

TABLE IX

ANALYSIS 01" VAlUAKCJ: .,Oll FUJ:ZlNG METHODS USED
EXPE:I.IMDfT D

Viability MotiUty
Soarc. D.'l'e•• of Val"iaac. 0.,1"••• of Val"iaac.

1'1'."om 1'1'••ctom

Total 26' ..
1'1"•••iIl•• 2 102.1 2 103.3

EI"1"01" 261 201.0 42 603.3



or if #hole egg #~s us to replr4 C€' et::g-yolk, the op t11na 1 levels

of sodium citrate and glycerol, determined here, would net likely

8 pply. If this is true, then opt1rra 1 levels determined under the

conditions or this experiment would be applicable only under

tl~e5e cond itions nnd 'Jould serve mer c:ly a s a gt2 ide tor other

circumstances.

Triplicate sam.les of the fifteen treatme~.s were frozen

by each of the thr~e f'reezlni~ methods outlined 1n rtNethods

and lita tf~r1als". An anaJ yals ot variance indicated tha t

there were no signif1cant d1rrerences among these m.ethods

considering either the mot11jty or the viability responses

(Table 9). Hence, under these conditions the simpler and

rnore economical method or freezing seUlen (F;.ethod No.2) gives

s equate a response as does either of the more cumbersome,

standard procedures, c21nd would serv€; s a prtflcticc:.ll substitute

for them (Table 10).

A significant difference was observed betJeen Freezing

Nethods No.1 and 2 in Experiment 1; howEver, no s1gnieicant

d1fference was observed between the same t~o methods in

1:!;xper1ment II. It should be noted that the conditions ot the

t'IJO experiments :.vere not directly comparable in that the

vials were frozen i·or &) days in E,xper1ment 11, as compared

to 2'+ hours inE,xp,er11u~nt 1 ;1nd ,fi1so, tha t '+:; via 1s were

rlE\<::ed in a l'!ely';2r 1n Experiment II, whereas only 6 w€re

frozen for bxper1ment I. Dunn et 81.(1954) found that the

eri'e(~t ot' rreezine on seman s\~n:trles stored at -?5°C. 1s not



TABLE X

FUEZING UIPONBI OBTAlMJ:»
J::.reP':.IWDfT n

Source Avera.e n Staacla... Co.emel_t of
Errol' Varia1tUity

J'rees1... M.th_ No. 1 54.'. '0 0.'2 1.41

ViabWty Fr•••t... M.tJlocl Mo. a 51.'" ,. •••• 1.51

Fre••ba. M.thod No. ) 55.3. ,. 0." 1.5'

Fr.e.t. M.thod No. 1 al.2t. 15 '.3 21•.,

MoW1~ ..1'....... W.thod No. a 31.'tI 15 ,., 22.'.......t. W.tbocl No. 3 2'.... 15 '.1 21.0

a Th. motUity ••timat•• ,....e 10,. a. tb••• flpr.....p.....at tJut av.ra••
ot th. tr••tm.nt 1'........ Th... l ..e.tlDnt. ,..... ".ip.el OY.....eh
a 1'...... to atve Ie.. I"eapon.e. la .om. c•••••
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coaplated until 3 day. atter tre••lnc_ In Ylew ot thi., it

.., be that the leftlth ot .torag. 1n the trosen .tat. would

partially explaln the dirterence noted betwe.n .xperiment••

It II postulated tbat to tr•••• spermato.oa luce••stull7 •

.tandard t ..p.ratur. decline aust be followed vithla tairly

Darrow l1ait. re,ardle•• of the tr.e.lftl ..thod used. Th.

nuaber of .1al, used 1n tbe first .~perl.ant .., have altered

the rate ot t ••peratur. d.clin. lutticlent17 to obtain a

lovere4 ,urYlnl due to too rapid tre••illl. It Ie ,ulg••t ..

that tor uncontrolled tr•••lftl" tb. prooedure used tor

Pre••lnl Metbod Ko. 2 In Ixp.rl..llt II 'be clo••l, aclhere4 to

tor favorable result. until further inv••ticatlon. are

earri84 out.

CIDIIRlloU I

Ba.... on data tro. tbtl exper1aent cone.rain. oDt11181

1ey.l. ot extend@tr ooa,onents, two quality test, and thr••

tr•••lnl ••thod. the conclusionl are a. tolloVl'

(a) Optt_l 1a.el. ot .041ua ottrat., 111'0.1'01, ancl e.g­

70lt bal.d on aotl11t7 ••tt..t •• before and alter t.e••lnc
bJ' Method 1 (controll84 t ••peratur. declin. to -sSOC.) w.r.

3.~2, 11.03, and 3~.01_ aDd 3.~, l3~~', aDd 32.0~_

re.pectlvel,. The optl..1 le.811 att.r tre••lnl b7 Method.

2 aDd 3 vere out or the raftl. used and v.re therefore inoalculabl••

(b) Opt1..1 le.el. or the thr.. extender co.ponent•

• tu41ed .aried considerablT vb.n ••tl..t •• ot s••en quality vere

ba... CD .tabillt1 (11v.'d••• ditterential .talnlnl'. The••



optimal 18••1. .ary dependln. upon the lencth ot .torac. 1n

the antro.en Itate and UPOD the ••thod ot tr•••lnl_

(c) Th.r. appearl to b••ery little .,r••••nt betw.en

the result. obtained trom the two quality test•••ployed l

that 1_, .otl11t7 and Yiabl1ity. The motility te.t 1.

conllder.d the ~r. reliable •• tl..te or I •••n quality.

(d) A tr•••1DI .ethod 11 propo••d Which conslst. limply

or lurroundlnl the ••••n ••poule. with 80114 CO2- fhi, .ethod

resulted 1n re.ponses equally al 100d a. tho•• obtained fro.

either ot the .ethad. in leneral ue.. Because this re.ult

il at varianoe with that obtalne. 1n Experi.ent I further

work 1. nece••ary to study th... ..thod. ot tr•••l nl_
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SmPfABI

An experiment wal conducted to e.tablish the sa.ple 11.e

aDd aountinl procedure to be u." ln conjunction with a live.

4••4 dlti3rential .taiDine technique to obtain statistical11

adequate results. The S8.en used in tbe .tud, wal obtained

fro. two ball. by ••aD' ot an artificial ...ina. The .Jaculate.

were extended 1121 with ••11cerol-101k-cltrate extender.

Sampl•• were rro••1l in 1 al. a.poule. and Itored. tor 21t houri

at -19°0. 'ollanD, thav1nl at SOC., tyO ••tbod. ot cotmtiDI

were co.parec1. COUllt 1 involved two counts .acb ot JOG
.pe~ato.oa on each ot two 811d.. prepared tor each vlal.

Count B lnvolv" thr.. Ilid.1 with two OOl1lltl ot 100 .per.-tollo.

on eaoll. Tn. countIn. vas independently pertortled by each or

two tecbnlclana.

ho. an ana1rli. ot .ariance with 11' de,r.e. ot treedoa

there .ere DO .1rnitloant d1fterence. 1n the re.ult. obtained

cODeeruill1 the tyO countinc procedure., howe...er, a

slcn1ticant ditterence vas found between the counting ot

techniolans.

A second experl.ant vas designed to inve.ticat. the

etrect on s.men quality ot an extender co.prised ot Tariou.

leTels ot the common17 used oomponent••odium citrate, elC­

yolk, and ,lyoeroi. A three.dimenaional central co.polite

expert.ental d.slen va. us.. to determine the optl..l level.

which would allow ..i~mum survIval of spermatozoa frozen to



and stored a t low temperi:ltur::.\s. The pooled semen sample

collected from 3 bulls had an initial concentrBtlon or 400

million spermqtozoa per mI. An extension rate of 1121

(semenlex~ender) was used. The optimal levels were c.lculated,

based on two qUA ltly te~ts and three methods of freezing.

It was noticed that the moti'1ity estimates had a definite

pattern relRted to thq concentration of sodium citrate. !he

motility estlmHtes WBre high when the lavel of sodium citrAte

\'18S 3.2% or less and were low 'When the level of sodium cltr8te

was 4.8~ or more. 'rhe same !'~lationshtp hel-] regRrdless of

storage time. but increased in effect ps storage progre~sed.

Very little correlation was ap rp,nt between the two

quality tests, viability B,nd motility. Further work is

required to investigste this dtfferencA. In the interim

motility should be considered as the more accurate te~t since

the f€rtl11zing capacity of non-motile, living spermatozoa

is questionable.

The results t'rom three freezing methods would indicate

thRt a standard tempe~ature decline m~~t be followed within

fairly narrow limits for maximum survival.
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.&PIEInIX 1

Preparation ot the Liquid Egg-Yolk

th. eq-1Olk v.. obtained u tell...

1) !he ataen .. one". aDd oarefully ap11\ into halv••, retaininc

the whole yolt and aUaw1ng the a1b~lI and ah.l.... to • ..,..

I) th. 18lk, n1U ocm\a1Mcl within the YlteUiM ......., ...

poved trOll o_balt ot the .,1 .ben 1n\o the other tJ.dU .paratl08 froll

the alb.-... ooapl.te.

) A,.,.r , ...l.a. twice toU" to tON. tunne11n\o Which the

yolk ... placed (.. the 70lk .Ud~ the bottoa of the tunnel an re­

ma.1Dlftr alb_n .. lett. .'tacbed to the towel).

It) .l neee:a.., iuertM tbroagb the bot,\oa ol t}';e tunnel, plUlOtured

the dt.eUlne _lIbrane -UOll1q the l1qutd. ,.1k to fl_ in\o a 11&•• gradu­

ate. !be -dteW....... aclherect to the tunnel.

A alMa""r totMl _ UNd tor each egg. In the ...nt that the

vitelli. _lIbrafte .. broken betore ooapl--17 .paNted troM the albUJleft,

or, that' t'. 70lk beel. oontaid.••d 1n at17111.y, the aterial ... diacarded.
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sa.8 S7.3 61.8 73.' 54.3 ~8.8

4S.) )6.2 ltS.) Sl.) SIl.3 Is,.!

6iJ.9 61.8 S8.8 611.9 69.h S7.)

2h.1 1&.3.7 31.7 )3.2 18.1 )9.2
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A,PPEtmIX C

EIMO'LI CALCULlrIOI nr OPTIMUM LE'fiP....LS
. nCll PIrTKlI R!SPOlfSlS

MarILIn TWFJIft-THREE BOORS-
Coded ftluel

treat.nt. Reaponn... Xl II X) Motility 2) hr••

1 -1 -1 .1 81.8

I 1 -1 -1 !D.S, -1 1 .1 fO.'
1J 1 1 -1 SO.,

S -1 .1 1 90.', 1 .1 1 )6.-
1 .1 1 1 fO.'
8 1 1 1 S4.S, 0 0 0 100.0

10 -I 0 0 100.0

n 2 0 0 1.3

11 0 -I 0 90.9

U 0 t 0 81.8

11& 0 0 -I 4S.~

IS 0 0 2 81.8



'lPPEIDII C

EXlMPL! (lALCULlTIol or OPT~ LEVELl
ftCIt' rImD USP01f8F'

10 • .. of 1S trea"'nt. • +loJa,.l

11 • -1(81.8) .1(4S.S) -1(90." +1($0.9) -l(to.,)+l()6.b).l(9Q.,'+l(Sh.S)

~(100.0).1(100.0).2(1.')+O(90.') •••0(81.8) • -)SI.'

Xt • .1(11.8).1(4~.S).1(90.').1(gO.9).1(90.').1(.J4."'+1(90.').1(S)a.5)

~(100.0) •••O(1.').2(90.').I(81.8)+O(~~.S) •••0(11.8) • -J6.~

I) • .1(I1.a).1(LS.S)-1(90.9)-1(SO.').1(".'}.1()6••).1(90.').1(~.s)

~(100.0) •••O(81.8'-I(hS.S)+I(ll.8) ••7'.1

%11- 1(81.1)+1(4S.S)+1(90.')+1(SO.9'+1(90.')+1()6.k)+1(90.,'.1($4.')

+0(100.0)••(100.0)'-(1.3).0(90.9) •••0(81.8) • .,11.0

I.,. 1(81.8)+1(.S.S~1(90.9).1(fO.').1(90.9).1(".4).1(~.').1(~.S)

..(100.0) •••O(7.3)"(90.9)"'(11.8).o(~S.;)•••0(81.8) ••U,I.'

1))- 1(81.8).1(4.f.~).1(90.').1(S'.').1(90.9).1(".lt).1(90.9).1(SJa.S)" .+0(100.0) •••O(81.8)+h(.S.S)~(81.S) • +1O$l.0

111- 1(81.8).1(kS.S)-1(90.')+1(SO.,,+llto.')-1()6.Ja)-1(90.9'+1(S!l.s)

+0(100.0) •••0(81.8) • .1k'.~ ~
" ' ..

%13- 1(81.8)-1(4~.S).1(90.').1(SO.9).1(90.').1()6 ••).l(90.').1(,4.S)

+0(100.0) •••0(81.8) • -1k.6

It,- 1(11.1)+1(~S.S).1(90.')-1($O.".1(90.')-1()6.~)+l(90.9)+1(Sh.S)

+0(100.0) •••0(81.8) • .,.6



6,
APPEtmn 0

IU11PLE O.1LC''TIATIOI OF OPTIMTTM LEVItS
FROM 'I'11'F:EN RESPOffSES

1 1 111 1 1 110 • j(B1.8),,(4S.~).,(90.')+j(SO.9)+j(90.9).,.(J6.h)+j(90.9)+j(Sl..S)
1 1 11111

+J<lOO.0>.,(100.0)-j(7•-' l-j(9O.9)-j(81.8)-i<hS.S)-i<81.8) • +".?I2ft
1.1. 1 1 11. 1

~ .~(81.8)~(4S.S)~(90.9)~(~.9)-r5(90.9}~(J6.b)~~.9)

+is(SL.S)+O(100.0)-~(lOO.O)+~(7.')+O(90.9) •••0(81.8) • -2t.O]7~

It ·-it(81.8)-~(~.S)+~(90.9)+~.9)-~(90.9)-it('6.b)+~(90.9)+~(Sh.S)

+0(100.0) •••O(1.3)-l(90.'}+~(81.8)+G(4S.~)•••0(81.6) • +O.9OOOM

13 .-is<81.8)~(4S.5)~(go.9)~(S'O.9)*'(M')+~U6.b)+ft<90.9)+it(Sl..S)

+0(100.0) •••O(81.8)i&C45.S).l,C81.S) ••".7'$0

BU.'1f(81.8)-+'(~.S)-ft{go.')~(S'O.9)1r{go.9)--1r06.")-fr(go.9)-ft(Sk.s)

~(1OO.O)~1OO.0)~{1.,)+~{go.9)+~(81.8).~{4S.s).~(81.8)• -10.617778

Bzt"~{81.8)*~.S>1f<90.9>-fr(S'O.9)~(go.9)*36.4)-fr90.9>~(Sh.~
-#Cl0tloO),j-{1OO.O)++,C7.,>~go.9)';{81.8)~I&S.$)~81.8) • -t.127778

1,,.-.;,c8.'J..8>·lr~·$)-frCgo·,)-frCS'O·9>-f,{90.9)-1r".1J)-f,(go.9)-fr!Sh.fl

~(1OO.O)+f,ClOO.O)~{7·»+fr(90·9>+ir(81.8)~("S.S)~(81.8)• -8.L0f778

iii- j(81.8)"{\S.S):i(go.9)+i(50.9)+i{go.9)~{j6.")~(90.9)+i(Sk.s)

+0(100.0) •••0(81.8) • +1.9OQ()()o

IlJ- ir81·8)~(4S.S)~90.9)1l<50.9)1tC90.9)~{)6.4)~(go.9)~(Sh.s)
+0(100.0) •••0(81.8) • -1.8tSOOO

It,. i(81.8)+i(4S.S)~(90.9)1l(SO.'):l(90.9>:l('6.L)+i(90.9)~(Sh.S)

+0(100.0) •••0(81.8) • +o....SOOOO
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APP!lmIl 0

D.lMPLI OALCULATION 0' OPfIMUM LEVELS
nOM 'I"E,IN RESPONS18

11t B
:to +1049.1 130 +91.122no

11 • 3S2.6 B]. -22.0)7;00

12 • 36.S 12 + 0.900000

x) + 16.2 B) + t..76t~

In • 'n.o In -10.67771'

lit +12,..6 Bn .. t •.121118

133 +1OSl.o 13) • 8.401118
112 + lJa.la III + 1.900000

XU··· - lla.6 Bl) • 1.819)00

It': /! • '.6 123 + o.ll50000

y -+92'.122210 .. 22.03750011 +0.900000I2 + L.7t>tSoot3 .. 10.671118111

- 2.72717812
2 .. 8.4027781,2 + 1.9OOOOOr112 .. 1.82>OOOIlX'

+ O.4SOOOOI~)

k -22'.031SOO • 21.,SSSS611 + 1.900000I2 .. 1.82SOOO1, • 0
c}.l.l

~ .. 0.900000 - S.hSSSS6la .. 1.9OOOOOX1 + O.hS0000t3 • 0
~AI

....L • k.76tSOO .. 16.80SSS613 .. 1.81S000Il • O.1&SOOOOI2 • 0
fIj
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APPIOOlIX C

IXlMPLE GALCTJLATION 0' OPTTMUM L"'ELS
FlCM P'IP'l'EEN R"'~POJrg~s

Iquation 1 -- -21.3S"S611 + 1.900000012 - 1.82SOOOx3 • 22.0)7,00

Iquation 2 -- + 1.900000X1 - S.h5S,S6It • 0.h,000013 • - 0.900000

Iquation ) -- - 1.82;00011 + O. 4SOOOOX2 - 16.80,,;6X3 ... h.762S00

Doolittle Solution

I a

b

c

II a

b

IlIa

b

na

11

-21.)S5,S6

-21.35S,>6

1

~

1.900000

• S.h';'~

1.900000

- 0.088970

.. '.t86S13

1

I) TO Check

-1.82,000 22.(')~7'OO + O.7S69hh

+ O.LSoooo -0.900000 - h.ooSSS6

-16.80SSS6 -k.76tSOO -22.9bJO'6O

.. 1.82~OOO 22.0~7S00 + O.1,69bh

+ O.08~,e -1.0319~' -0.0,,44,
+ O.re11i~ + 1.~061~ .. ~.~'Bnl

• O.O,Lh08 -0.2006,8 + O.14L9~

-16.6~~9h6 - 6.S~B06e -t~.!!!01h

1 + 0.39606! + 1.J96061

13° • + 0.396062

110
• - 0.2006375 - (-0.0,44081 + O.~96062) • - 0.1790886

11° • - 1.0)1933 - (+1.9OOOOOX - 0.1790886) - (+O.OBShS8I + O.~96062) • -o~S7A1e

Theretore the stationary point 1.

11° • - 0.6S7816 • 3.474~ Sodium Citrate

12
0

• - 0.1790666 • 11.11~ 01~erol

13° • + 0.396062 • 3).961. Yolk
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APPENDIX C

EIlKPLE CAtCULArorIo~r 0' OPTTl'mM' LEVl~l,S

noM 'In'r~EN USPON'SES

\ "I
Yo • 92.722210 + lJa.h~ • .161180 + 1.88624S - L.620Sbl - .87h818

• 1_318'°2 + .22)S3S + .b7S419 ...319181

to • 10).148919
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