












































coi...tl b~ r011oveu. . 

':'he 50 '""r2r1 e2 .1ulE' ms ii,medir·tely dro J"Jerl 

into;:, b~''rnr cor.t· . .:.1inz 20C :;:::crrn of one )er cent 

1et., )'-:os.JLoric 'cid . ':'he tenner:1.ture of the P'l"xi:num 

theror.1eter "as recorded "Dd )re mr:-tio;1s nrd_e for the 

next cool.rinrr , The remainine; lSO i::rf'ms of _0e::- s ·rere 

reooved to JrJer cu)s for orlrtrblllty Pn1 0enetro­

mcte-,~ teAtS . The sruce )n;'l ·rs thorouehly rinsed ,?fter 

eEch coo~in~ to Jre)Pre it for the next sa·>le . The 

Jreseur~1, times cna Gltituc1es rt '•h ' ch sarDles ··rnre 

coo~;:e,1 "ere rand.o·ni zed . 

v. Procedure for te~tin,.,. 
for c scorbic Pcid . -----

The 50 °·r".:i --r rn9les of Je.,. s i.n metr )hO" )l1oric 

"cid. "ere ti.:-htly coverc' ·ri tn "nx )F 1er i .1 :edl,'"'.tely 

r.fter coo'::.in r t1 nrl Pere Pn2.ly.,ecl 8 J aoon as t.1e se::ies 

of cookin "9 for -:;' e do·, P"l.S com Jleted . 

A .1odifiec'. -'011tin§:: '•nd Loeffler (1942) L1ett~od 

,,,r2c uJer< for estim"t\nf the 'scorbic ~icid . The ·rr.iring 

3lendor 1 Ts usee ~or d::intevr"tiu-i . T:e mole s2m;le 

wast orotcrhly 1::>1..ended for five .ninutP8, 21d Jou.red 

:'unnel fit~ed TTit· fo1c·ed filter X>.)er . 

tion •r.s.s t l lo··ec to )roceecl until bet, •een 10 .'.1d 15 

milliliters of extrEct hr.d -,f'.s.ed t rJup;l" t•Le :ilter . 

'I'hi, •r: 8 cliscE'rd.ed. 0 nd a )O-'ti.on f'.:"om tue bE'l' nee 

f:'.ltercd i'cl"' r,1rcP u, to volu.ne . Srmoles 'n:rE' tfl'~en 



usinF 2 ~eve len~th of S20 DU nd PC-4 filter ~1th 2 

stendard solution of sodium "-6 c1c· loroben7eno~ein­

c1o )rienol . 

:Ioisture r eterm· nat]_ons '·rere m['.a.e fror:1 erich 

iTo . 10 cr.n of "'.Jel. s . ··eir.;: ed sa, 1 )le s o:' 1, c-r!'.'11s ···ere 

)laced i.n tererl moisture cu JS for de:iyclrn.t·i.0.1. A cryin? 

oven ,,JE~s set c.t 7c de7rees CentigrEde "no the sP.1 .lles 

~ere dried to constant ueivht . 

'.i\:1e )aletrb.'..lity of the ne<"s T,ras tested by 

~our j udrre s after e2 ch coo 1::ino-. Their j uda-rnent of 

fl:=ivor end tenderness ,res recorded on s core-crrds , 2 

s9n >le of '··hi ch is a t tached (Ao)endix B; . A Jenetro­

"eter ·ras also used to test ten::. erness . Ten )eas from 

ere:: s2.n'1le '•·ere tested usin'.:1' e l'.) ':rr.m •eie-ht . The 

numbers '\·ere ""ver.c-ged to p-i ve 0 p-enero 1 indi cri tion of 

the doneness of the JePs . 



RE3ULTS 

The Escorbic c'ci d con~ent of the ,e2s cooked 

in a Jressure sauceoen ~as calculated PS Pn aver~ee for 

each of the 12 groups of s,m0les mP~in~ u~ the g6 

cookings . The results a.re recorded in Table 1 . Aver­

( ges uere 8lso calculated for the o~ 1:-itabili ty ond 

enetrometer tests, 0 nd recorded in Table 1 . 

CclculPtions were made on the ascorbic acid 

readings to eour lize the L10i c::ture content of the 

srm)les . Results exJressed in this wny on the same 

moisture basis differed little from the results as 

determined . This ~as to ~e ex ec ted because o~ the 

c,:, 1 i -'-w1e:· of the moisture content of different grou JS . 

The maximum temJer&tures recched durin~ the 

cooking of each rrou. of samoles ~re recorded in 

T['ble :: . 

Gooked peas in the exuertment 1,rere found to 

cont~in ~n everare 'scoroic ~cid content of 20 . 3 milli ­

e:-rams per 100 ::-rams of frozen )ePs , Since this amount 

T-111 su Jply about 28 1Jer cent of tl~e recommended day I s 

n llowance for en odul t , ( rT tion 1 ResePrch Council 

1Q4~) it is evident thPt coo~ed frozen pe~s m"y furnish 

f' .n~ jor source of the ascorbic Pcid in our diet . 



1 ':'nble 1.--THE EFI<"'ECT OF ALTITUDE, TI"iE, ND PAr1 PRESSURE 01: 'IH . .: ...,T )1ITY OF rRoz.:· PEAS 
COOKED IN A PRESSURE SAUCEPAN. 

I 
I 

,. Qtwli ty 

.1 ti tude ?t ,1 Ttme Cook- Ascorbic Acid Content Penetro- Fl"'vor Subjective 
Pres- inz meter Tenderness 
sure Tri2ls As cclc. to 7.4~ Re2din6 

Determined Moisture 
ft. l 0

)P , ni.n . 1~ ' no . 
I 

mg./100 gm mg ./100 gm lbs. score score 

l 0 5 0 8 20 . 7 21.1 1,.., . 4 I • 2 4.1 
5 1 I 8 20 . 7 

I 
21. 2 22 . 6 3,9 

I 
4 . 0 

15 0 I 
8 10.5 20.3 22 .1 3 . 6 3 .7 t I I 

15 1 I 8 20.J I 21 . 0 29 . 8 I }. 1 ".l , 0 
I 

I 

·I 

I 
5,000 5 0 8 21. 5 ' 21 . 7 17.? 4 . 5 3. 9 

I I 51 1 8 ?l. 3 21.2 I 17.0 J . 8 4 .1 

I I 15 0 ' 8 20 . 2 28 . 3 :1.9 4 . 2 4 . 1 
15 I 8 19.7 I 19 . S I ?8 . 7 1.2 ".l • ".l 

• 
10,000 5 0 8 20 .5 20 . ? I 18.5 3.8 3 . 7 

5 1 8 20 . 0 19 . 8 20 . 0 4 . 0 4 .J 

15 0 8 20 . 7 I 20 . 6 24 .1 4 . 6 4.1 
15 1 8 18.5 18.0 24 . 6 1 .9 4 . 0 

-;;o ni:ciutee ti me-- C 0 0 :.:inc sto ) )ed ·r~~en oressure is re"ched . 

1 r,1i 1ute t1ii1e--coo'cin · sto )oed i r.1inute Pfter oressure is rel'ched. 



".'"'ble 2 . --::..._:,.-:1:-u .. - r'1'1',-,• 1_,~ ri ... T_,,"":"',..., -~--1··:RD~D D·_P_Ie.' C80KING-~ ~- - ~ .. _l,..,_ l _,J:, 

IN 2?..E S S U::tE SAU'.;EPAW. 
--

M:=iximum Terinerrture 
Al ti tuc_e Pen ~i .:e of Cook-

Pres- Coo::ins ins F,"hrenhei t 
sure Trirls I 

AverPP'e ~rnd~e 
ft. lbs. ri1:..n . I no . 

0 5 0 8 2?6 .1° ?24°-227° 
5 1 8 ?22 . J 222 -?27 

I 1.5 0 8 

rl 

2Lr2 . 3 '? ..t/ -246 -- ~ 
lS 1 2 242 . S 21.J·O. -248 

I 

.5 '/"\()Q 5 (' e 210 . 30 21.5°-2220 
.5 1 e I ?21. 3 220 -225 

1.5 I 0 8 I 240 . 0 ?.;8 -241 
lS 1 8 21.J,2 . l 241 -24':l. 

10,COO 5 0 8 I 214.0° 211°-218° 
5 1 8 I 214 . J 21;: <?17 

1.5 0 8 ?Jl. 0 21? -?':l5 - _,, 

1.5 1 3 235 , 3 231 -?".)6 
_./ 



The difference in Pscorbic ecid content of 

s~m)les cooked under the different conditions of alti­

tude, ;ressure ['D~ time amounted to no more then three 

millirrr~s. These differences, rs discussed belo~, 

.,,ere t·ound not to be si~nificent . 

In Fi:ure 1, the ~ener~l effect of ~ltitude 

18 illustr2ted; in Fi~ure ?, the eenernl effect of 

pressure, rnd in Figure 3, the aenerRl effect of time 

is illurtrrted. It ' 1ill be noted thDt there a))et?r 
I 

to be slight vr,ri:Jt ons '·Ti th cl ti tude, )ressure or 

ti~e, but the differences Pre not sirnificant ~en 

·n~lyzed sta~istically . 

The ~aletc~ility tests ~or flrvor £nd tender­

ness sho'·r c1ver,!:e values from J . l to 4 . 6 nd from ;.O 

~o ~ - ~ resJectively . These Pre jucred on a oossible 

mrximum score of five . 

Since c tendero.neter for te stinP II donene s s 11 

of tne )er s Fr s not P.vr il2.ble, Jene t;rometer 1 r:: s 

used to esttm2te t~eir resistence to )ressure . The 

19netrometer rerdin~s o Joe~reC to v·ry some;~et for 

0 ltitude, t ' rae ~nd Jressure ~s seen in the aver.re 

~e~din~s 11 Trble l; but the indivi6u-1 V"ri4tion 

· 'i thin r ny sE'm Jle nr.s rrer t . 

Strt~stic"l trectr.1ent ··rc-s rriven ":;o the 

~cor~ic c'Cid cJntent of the 88 •.• Jleo es c1n,ly:;-ed . r:i::e 

"'' )eriment ·r s desirrnec. to ~)e·rmi t 2, co.1 )lete rinElys.i.s 
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·----------------------------- ____ ,_,_ 

E'.nelyzerl to se''.)E'rc'te the Vt'lriabili ty of the reDlicE1.te 

['nalysis from thet resultin~ from all other sources 

combined os seen in TBble 3. 

Source of 
V['ri2,tion 

Between sam )les 

Bet~een re1lic~te 
anBlyses vithin 
sPm)le s 

TOTAL 

Sum of 
SC'uares 

451.15 

?707 . 91 

De:::-rees of 
Freed.o'l1 

95 

238 

333 

Mean 
Vrri.once 

1.57 

------------

Before cny interJretation of these results 

TS Jossible the orocess of comolete ?nalysis of the 

11 Bet,,reen SBm-ole II vari2nce •-rqs necessary to measure and 

reMove those ~2rts due to the effects of Pltitude, 

nressure Rnd time, Rs vell 2s their first order inter­

actions; rnc also thnt VPri2bility introduced by the 

basis o: sBm?le re9lic2tion (i.e . ) cRns of '.)888 . 



nc1ble 4 . -- .:AL rsrs OF VARIA:CE. 

- - - ------

Source Sum of Den-rees .:e~n F,~ Cri tic:::.l 
Scu?res of V"ri, nee Velue V!'.llue 

Freedom ("") 

------- -- -- -

CE'DS 274 . 94 11 ?4 , 99 1.0; (2 .12) 

Altitucte 5 ".l~ . ~ _, 2 2 . 6€, . 11 (3 . 10) 

Pressure 2c . 19 1 20 .1° Q~ (~ _q5) -
':'imes 4. 34 1 4 . ;4 . 1 f3 (; , 95) 

.alt , X 
"ressure 38 . ~4 ? 19 , 4? . eo (; . 10) 

--~l t . X 
mimes 8 . 49 2 4 . ?5 .18 (J .10) 

:iressure 
y r, mes 2; , _5? 1 25.59 1.05 (; , 0.5) ... 

"i.es i dual 182'.) . ;4 7.5 24 . ;4 

-- ·-----------------------------------------------------
TOTAL 

( B0t•··ee£1 
se~)les) ?256.7t 95 

*F vc]ue is the st2tistic 1h~ch offers b2sis for 
testin~ t~e hyJothesis thrt t10 vnrirnces Pre eru~l . 

The re~ults of :he tests "nd oi ~he st~t1sti ­

cEl c.lcu etions ~re discusse~ below, 

·---·~---------------------------: 



DISCUSSION 

The "8cor~ic ~cid content o: t~e Jers coo~ed 

"t selected "ltitudes for different len~ths of time 

Pnd in five end 15 Jounds of )ressure variet only 

sl:~ttly . ~he differences between the results of 

tl,is Rtudy "n; sinil,.,r studies ( Noble ",nd ··: 0 ddell 

1945) mPde "ith p ressure seuce)t1n were not entirely 

com X'r' ble . In so1'.le c2 se s --he "'scorbi c r cid content 

of c2o·')e?'e TT'l s founc1.. to incr-et1 se ,,ri t:1 coo::::1n,r tili1e . 

Forever, th 0 srme "ui:ihors tndicrte:1 ,r:"t the .., scorbic 

f' cid. retention of ce.bb2::e in 2 eteomer, E' t12.·htly 

covered JE'n ~nd the )ressure s"uce1en did not ch"n~e 

consistently ~1th the time of cooking . 

accordin~ to the st2t1stic~l drtr in Teble 

4, t:.e lrr"e resid.ur.l vPrl' nee oversb['c'l.o,r"' "' .. 1y effect 

thrt ~ltitude, )resc;ure or time a_ifferences may '1rve 

on rscorbic 'cid content. It is clerir fro,n lool<:ine· 

ct Trble 4, th-"'t ell results Ere ner·ctive 2s ~~fir as 

the MPin effects or inter~ctions bet1 e~n them )ro­

ducinv r~y vrrirtion in· scorbic ecid content . The 

cr:ticPl velues o~ F rre b~sP~ on :he use of a five 

)er cent level of sicnificrnce. 

-;..'rorn Trble 3, the me2n v"riance ri thi'1 



----------------------------------, 
resiriuc,l v2ri"nce ('.?4 .;4) from Tr:ible 4, shons the 

follo,~n~ result : 

··ithin srmJles 
(between reJlicnte 
~n,.lyses) 

Re si6.uc-.l 
(bet·,een srllnles) 

:,IeRn 
V"rin.nce 

1.57 

24 , :4 

Degrees o:' 
Freedom 

F 
V£ilue 

15 . 50 

Ori ti cal 
V"'lue (F) 

1. 27 

The v8lue F (15 . 50) is very si~nific~nt indic"tin~ 

that re )llc~1 te cl:e . .1ic' 1 c n2lyses vrrie-d little 'nd "ere 

dominr-ted "nd overshRdo·,red bt other vnri;:..nts . 

The ststistic2l 2nelys~s indicate t1at the 

rnF'tter of cc::ins from •;hich the s"m)les ,,rere t::i.~:en >roved 

to be 2 non- si~n:fic~nt effect, 2lt~oush 1e~h"1s the 

moet imJortent source of v~ri2tion . 

It is difficult to ex lein the re2r'.)ns for 

the l"'.rve residu8l varionce unless t·:ere is s '.)me, 2.s 

~ et unreco -ni zed , i 1 )Oj_"t".nt source of vrri -~ tion. The 

st"tistic'.l d~te. i·1ctic,,_tec t: . .0t t·1ere 1-rere conaistent 

resul~A in Pscorbic "cid determinc-tions t'·rour~out the 

l'.2 c"'.ns of Je" s . The veri~ ti on in t:· e rM'Yir,1UP1 te. 1 Jer­

~ture s (T"bl8 2) recorded for the different cooking 

conditions .. 1ey 2ccount fo·-~ some veriotion j_n the 

r,scorbi c 2..cia. content of samoles . A more conste.nt 

re~din~ w2s recorded for t~e one 1inute time of cook­

in: th n for the zero time . Occasion~lly the cooker 

t'--irou··h ten 1erc.tuJ'E', P ffected t· 8 ° scorbi c ..., ~id content 



of the )er.s . The ··eirht 1·r" s ·01::- ced on tl1e coolrnr Fben 

the )ro":le!' F.,ount of stecm 'T"'S ju..:;:;ed to be esc"0L1: 

from "the vent en"' this ti1.1e m"v hrve vr!'ied sli".rhtl Y 
~ ~ ' 

for the successive coo~-.in:s . 

All coo1rin~s •,rere syste ,'"' tice.ll:r r.:ndo. 1i "ed 

to elimirn te t'-,e effect of 2ny unl-cno·rn "tmos_pheric 

condition rt 5, 00 0 feet, or other unreco:niryet factors . 

Reeults of the tests fo,~ )Ll.'.'tcbility cs 

ju :ed by flnvor 2nf tendernesp are recorded in TPble 1 . 

Accorr"inr.<' to t½e jurlges -:;!1e flPvor of the )8-' s decreased 

wi~~ inc~e2see coo~ln~ time _nd ·~t~ increased )ressure 

at ser level rnd "t 5 , 0~0 feet, ~nd increased with 

coo~in~ time ~t five Jounds )ressure nt 10,01C feet. 

Peos cooked rt ser level end 2t 5,000 feet 

for zero ~inutes 'nP five Jounds ~res3ure received the 

li7~est fl2vor scores for those ~ltitudes, ~1ile those 

cooked ~t 15 ~ounds )ressure for zero minutes received 

the '."~'J':rnst score fo1~ s':'1•1 Jles coo1rnd 2t th, t c>.lti tude . 

Although these results ¥ere not 2n2lyzed strtisticrlly 

tney serve to indicate )Ossible t~ends . 

From the liter8ture 60 taformation WPS found 

concerninr ~enetrometer re2diDP'S for coo::ed )er s . In 

the r>boence of 2 tenderometer, the results of tlie 

)enetroueter read.in::s recorclec L1 t- .is ·rri tin.,. ~re onlv 

comJ"r"tive in n2ture. ~he decision o: the ju~~es did 

not [ "'rf'e '•'i th +;l:e results of the )enetrometer ref:'c1in 7 



incre sei with decre· sed cookin~ t'me ·nd Jressure . 

The::."e ·re- s ci deflni te , nd "'ra,.:;.u 1 ~ ncrease :.n tende,.,ne s s 

"s inter ')retec1 b~ the 0'. uclfe s ··i th increP sea. coo'-1n­

t.i.ne ['t; fLve )ounds Jressure c>t l(\,r.oo :'eet, but -::; e 

score ·r"s )rPctic lly tt.e snme Pit~~ co_':in"' t · rne f',t 

15 )ounds )ressure . 



Ame1"'::..C".n diet f'nd turnish e. JJreci,f'"".)le :: 1'.)un-::;s of 2s­

corbic acid . Therefore nreservinc gll the Jossible 

"P1ount rrould seem in)ort,nt from the health cs, ell 

rs f~om ~- e econo~ic st nQ)oint . 

dicrted t~·t cookinv in 2 oressure s~uceJrn ··as 2n 

ef ·Z-ecti ve . .oet:.oe of Jr(' servin~ the c: scorbic acid ir. 

coo\:ed. )8F s . 

':'he directions for t: Re of t·~e )res',Ul"'e coo':er 

~o n0t su~·est c~ nfes to be used fo~ tlme or for 

res·urc ,t v rious eltitude1 . ':'here~ors, the 01:)ject 

of -'-;h~s ex )eri1.1e'1t .. , s to determ· ne t' e '"'scorbic cid 

content ~nd )~lrt~Jility of )ers coo~ed un~er var~in~ 

conrJi-'cions of .'.'ltitur"e, )ressure '"'nd time. 

'J.rouoJ o:' Q s"mJles -· ... on'"' u:1 ·_rorm S)Urce of 

"U )ply rer"' coo·~ed in 1 ~ d.iff erent ·rp ys . 'I'he 1? orr ys 

::..ncluded "ere r-10 rr: ·_::u'ces 11 one .n · nute coo'·in"' -::;· me 

for )ressures of five ,nd 15 )ounds ·t three C'lt:tuctes, 

?,...ro , 5,C'10 '"'nc. 10,010 :feet . ri•ie ,scorbic cid re:;en­

t 1 Jn pr s c1ete rm · ned on t:1e )C'"' s coo·~ed unr" e:." PR ch of 

v':est v"r •inn- coo':in"' condi ti.ons . 



bic c cid ...,etention rrere E' ~~ ly7ed. st~_ti ic lly Fccord­

in~ to ~nalysis o~ v"riFnce . From the rPsults of 

tlli 8 ex )eri-:1en t it 11r y be concluded -c:1.c t altitude , 

time ·~nd nressure dici. not "f:ect t11e reten"'.iion of ris ­

corbic Reid . The combined e:'fects of tLe ver:Lr.bles 

1.1e1 ... e e 1 so ner-· ti ve . 

The vrr:~tion from use o~ succesoive 

sam?les fore· ch cookin~ ~Ps not st~nificEnt . The 

~he reau-ts o~ the Jenetrometer rnd palat~­

bility tcs~s, 2s rel 01 ted f ctors, )ro1Jably vere not 

si,n"ficPnt bec~use of the V8riatio~ of lndiv1au": 

Jer"Lment altitude -rould not .::-.f ~ect directions ?;i ven 

for t:1.e use of the Jressure sEiuceo8.n in coo·:in~· 

frozen oeo 1 . 



APPE)JDIX 



Appendix A. 

P oto 1-·, ,h of E' l ti tude l· borE torv sr.owimr. 
~ -

entr nee to chamber "nd eaui0ment for 1"int8in­

ing Jressure, temJerRture rnd ~uD'dity. 



PALATABILITY SCOR~ FOR VEGETABLES 

Date Veget1Jble ___________ _ -------
De scri ,)tion ----------- Judge ______ _ 

Q,uality 

Flavor 

Natural vegetable (5) 

Faint veget2ble (4) 

No fl~vor. (3) 

Off flsvor (2) 

Tenderness 

Tender but firQ (5) 

Sli?htly tender (4) 

Mushy. (J) 

Tou~h (2) 

Remcrks: 

1 
S."lm ')le .'lumber 

2 1 4 S 6 7 8 



------------------
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