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’"{uagranu1e process1ng Potato 11p1ds were 1solated and fract1onatid by

"f: co]umn and th1n 1ayer chromatography Fa:ty ac1d compos1t1on 0

L]pads and fatty ac1d compos1t1on were ana]yzed 1n raw, i}?v>

1

the

}1so1ated 11p1d fract1ons was determ1ned by gas- 11qu1d chromatogLaphy

T;»iPhospho11p1ds were SZA of the tota] 11p1ds, fo1lowed by ga]acto11p1ds

“ fgf(ZOA); steryl 11p1ds (16%), and neutra] 11p1ds (12%) Phosphat1dy1

"-:.'cho11ne phosphat1dy1 ethano]am1ne and phosphat1dy1 1nos1t01 Were the

.bconta1ned mostly d1ga1acto%y1 and monoga]actosy] d1g1ycer1des Stery1 :;rv-,t_l
,_”;;11p1ds were pr1mar1]y free stero]s, sEeryl esters, ester1f1ed StEry1 L

ﬁ_nglucos1des and stery1 g]ucosides Stero]s found were cho1estero]

'f‘ystlgmastero1, and¢s-s1tosterol wh1ch was about SOA of the tota1

'g‘stero]s Neutra1 11p1ds were present as free fatty ac1ds and

- fatty ac1ds) was observed

3{~tr1g]ycer1des _Although the 1solated 11p1d fract1ons vaﬂjed 51gn1f1c-'h'_

ant1 1n the1r fatty ac1d compos1t1on, the maJor fatty ac1ds present

'"fwere ]1no1e1c 11no]en1c and pa1m1t1c ac1ds L1p1d 1osses 1n steam—--ff

. maJor const1tuents in the phospho11p1d fract1on The 91yc°11p1ds V'N,:f'

-

ﬁ”;potatoes, cu1t1var 'Netted Gem 3. and at various steps of a freeze thaw ,7f?”2£:?;-f€€

*?jihcook1ng, mash1ng, and dehydrat1on steps wgre 14 7%, w1th the_maior“_._»:*"
fport1on be1ng phOSpho11p1ds HoweVer on]y a sma]] decrease 1n the A

h””dunsaturatIOn rat1o (sum of po]yunsaturated over sum of magor saturated: LT

"\

' L1p1d d1str1but1on w1th1n membranes and organe]]es of raw and f‘h

-,-;coaked potato ce]ls 1n sﬁtu was exam1ned by transm1ss1on e]ectron o

R

“7ffjgm1croscopy Prox1mate 11p1d compos1t1on of membranes was ach1eved by

et




W .
- ’ w ‘ ',d'.
’ ; 'prfus1ng flve 11p1d solvents of var1ous po1ar1t1es The 1east po]ar R

1dﬁmembranes except tonop]as

~f'fsolvent petro]eum ether Aremoved the 11p1d bodLes, 11p1ds W1thin'
-A]ce11 wa11s, and the mémbranes around peroxlsomes and starch gra1ns:‘d f

' Acetone extract1on d1d not affect tonoplast and m1tochondr1a1

'.7imembranes, whereas butano1 saturated w1th water Washed out all thei |

M1xed solvent sy§tems of ch]oroform-a

-f;ce]]ular structures They s 1ub111zed the 11po prote1n components of

"‘qd1str1but1on of membranes 1n s tu 1n raw potatoes the processed j

h‘ri potatoes showed the ce11 wa11 to be swo]]en or ge]]ed in p1aces, wh11e

',‘shape 1y1ng between the ge]led starch Shd the ce11 wa11 Thelge111ng

:.the cytop1asm1c structures were 1eft as denatured masses of 1ndef1n1te

' ll,of starch and ce]] wa]l structures appeared to have sandw1ched the

) 'denjiwred cytoplasm1c mater1a1 1nto a memhrane 11ke boundary around

":aipur1f1ed ce11u1ar fract1ons Dur1ng 1so1at1on and pur1f1cat1on

‘the. ge]]ed starch No 1mbedded 11p1d was detected w1th1n the ge11ed

- };starch Al] 1nb1¢at1ons suggested a]teratton of such spat1a1

S .

¥7:.ﬂorgan1zatnon of ce]lular structures am’b probab]y, thelr const1tuents, vv;-'

'a1though steam cook1ng had»not resu]ted 1n ce11 rupture \'i,‘b7"‘

tmethano] (2 1 v/v anb methano] ethano1 (} 1 v/v) d1sorgan1zed a11Af}'ﬁ

L)

'rmembranes and denatured the h'droph111c g]obu]ar prote1ns Un11ke the

. 5 .
[

~.

o e

F1na11y, membrane 11p1ds were analyzed 1n 1so1ated and

.treatments, nuperca1ne was added to the buffer med1um of pH 7. 8
.Nuperca1ne not only he]ped preserve the structure and funct1ons of

‘the b1o1ogIca1 membranes but a]so a1ded tHe 1nh1b1t1on of potato

'V’ftuber 11p1d acyl hydro1ase and 11poxygenase act1v1t1es A 11p1di

\ -

.u_conta1n1ng membrane around starch gra1ns ‘was:: present only 1n fresh1ya__,,,v

e
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) F:ma1n1y neutral 11p1ds The ce11 wa1] and the peroxisoma1 fract1ons
'Ffi‘a1so conta1ned main]y neutra1 1inzds, predominant1y as steryl esters
;nhiPlasma1emma was enrlched 1n phospho11p1ds with phosphat!dy1 cholﬁne
‘fh}and thSphatidy1 ethano]amine as maaor constituents Ga1acto]1p1ds

.?”:'.,'were 6n1y present 1n smal‘l amounts .and the maJor stery] ?1p1d was
; _esterﬂfhed stery] g]ucos1de M1tochondr1a and endoplasmlc ret1cu1um ;;._;f%;f fqdf~;ﬁ

”:z;had’the h1ghest contents of phospho11pi¢ and h1gh unsaturat1on rat1os ;;’5' g':;; b

},ﬁ'iound 1n 1ts g]ycol1p1d fract1on, espec1a11y 1n monoga]actosyT
V»f'd1glycer1de The presence of ce11u1ar membranes conta1n1ng v‘;:’":v‘ ( T fi; .f(fz'

: s1gn1fﬁcant amounts of unsaturated 11p1ds wou]d suggest that spec1a1 Sl -“;y;f O

8 f . . . ,.‘- . . R . . v.“"- ).' .
harvested tubers or tubers stOred at.room temperature It contawned

/

?ﬂ'The h1ghest degrq; of unsaturat1on in endop1asm1c ret1cu1um was ”?f‘_€V:_:ﬁf’nj'f’f

’ = REERIL A

!'treatment wou1d be requ1red dur1ng and/or after process1ng to avo1d _”ng‘f*" t, hfﬁ
:ﬂ;off flavor deve]opment in granu]ated potatoes . S
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I. INTRODUCTION .- =

- The quality Of 11PTd in a‘food ]S an 1mportant determinant":*’":

,._Auof’fts-agceptab111ty A1though the 11p1d content of potato is

o

“‘sre1ative1y~SmaT1 11p1ds are Tmportané as structura1 components of‘-‘

'iijcellular membranes and when hydro]yzed or ox1d1zed affect the

"A,;organo1ept1c propert1es of the processed tuber Factors affect1ng the

};/*’f—"»extent of. ox1dat1on are: (1) fatty ac1d compos1t1on of the 11p1d

D

(2) presence of oxygen,v11ght nd other proox1dants and ( ) temperature

{h1s study was undertaken to determ1ne the effects of granu]e :,_‘ R

ff process1ng steps on the const1tuents of potato 11p1ds and the1r fatty»'

e

//

o reported

ac1d comp051t10n Wh11e th1s work was in progress, the effect of

househo]d cook1ng methods on the 11p1d compos1t1on of potatoes (Mondy SRR

and Mue11er, 1977a) and the fatty ac1d compos1t1on of potatoeS/baked e

by m1crowave and convent1ona1 methods (Maga et a] 1977) were E

™

vy

As part df the above ob3ect1ve, 1t was 1mportant to ascerta1ni_¥ o

i

the nature and changes 1n the spat1a1 d1str1but1on of 11p1ds 1n raw 3f~"“’
and processed potatoes To the best of the author s know]edge th1s

aspect of potato 11p1d research has not been stud1ed 1n any deta11

For th1s purpose n tu deﬁect1on was performed 1n raw and processed :
potatoes u51ng a nove] techn1que in wh1ch transm1ss1on e]ectron
m1crosc0py was app11ed in. canun:t1on w1th spec1f1c so]vent extract1on';' '

of 11p1ds ThlS prov1ded 1nfor atlon about the nature and d1str1but10n;

'f”; of ce11u1ar 11p1ds 1n both raw}and processed potatoes Flna11y\\the\




e e

1tu 1nf0rmat1on on 11p1ds of membranes was checked/gnd conf1rmed

e

by | a deta11ed chem1ca] anaiys1s of 1solated ce]]u]ar fract1ons These : ;ij

:'gana1yt1caﬂ data on potato 11p1ds are d1scussed 1n re]atlon tb the1r G;”', hf

"f:contr1but1on 1n the development of pff f]avors in processed products
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= L. REVIEM OF THE LITERATURE o~ o

o ;f;fhf Raw Potato =

‘\M .

2“,1;‘ Genera1 Aspects

Potatoes (So]anum tuberosum L )Aare among the ]argest food
l

':crops perwdonsumpt1on, and ‘are. a nutr1t1ona11y 1mportant part of human

o d1ets around the wor]d They have a h1gh content of carbohydrates and |

b‘;orotemns, and are a good source of v1tam1n C Due to ¢he1r 1mportance

Sin food process1ng potatoes were -and st11] are the obJect of many
‘fi_”sc1ent1f1c and app11ed techno]og1cal 'S ud1es These 1nc1ude chem1ca1

:compos1t1on,»b1ochem1cal and phys1o]og1ca1 stud1es dur1ng growth and
”.?post harvest storage, and changes 1nduced by process1ng cook1ng, mash1ng,=”
7:freez1ng, thaw1ng granulat1on and dehydrat1on o Re]ated to these are A

o changes 1n co]or, f1avor and. texture . g'

Dehydrated 1nstant mashed potato granu1es are w1de1y used by

%Qﬁ} ’f'rA;00ﬁ§ﬁmér aad mnstbtut1ona1 markets The rap1d growth of the1r
lhit ;td fiproduct1on in A]berta over an extended process1ng season has Spurred
_i‘ ';zafiresearch 1510 comp]ex prob1ems re]ated to. f]avor qua11ty, sh1pp1ng andgﬁd@tgfi
;f%f:f??_ Storage stab1tity, v1tam1n C retent1on rehydrat1on rate and texturarfrl'”‘?
N 1“;]‘ qua11t1es _ ’_ ’ g’yv‘f = | | |
'ﬁfi;)3]t33‘fit The fTavor Of dehydrated granules does not compare favorab]y
- g 'W‘th that of freshly mashed potatoes S1nce°th1s is’ part1y diie- to an ,.;[“ )
;:,- ':iaextens1ve pyraz1ne 1oss exper1enced 1n dry1ng steps of PVOCess1ng,‘s_7'
}’y 'ffffsuggest1ons for flavor enhancement have been made (Marce and Hadz1yey:ﬁfgﬂsy:
= '.1977) 3 In add1t1on, the exten51ve destruct1on of v1tam1n C dur1ng - ;rb':h
| i%hf ;;{add back and freeze thaw granule process1ng has necess1tated a v1tam1noi;efﬁ:
’ 5 -.., =




'g,?C enr1chment step (Jadhav et a] 1975)

Swgn1f1cant 1ncreases Hn granu]e productron can be expected

ot “

'vjworked out Such 1mprovements are necess1tated by the fact that 1onger

©

off- f1avor assoc1ated w1th 11p1d ox1dat1on. S1nce 11p1ds are.. we]]-—dg527”

e

known precursors 1n theldevelopment of ranc1d1ty, 1t 15 ne'."

‘-:fe1uc1date the ]1p1d content and 1ts compos1t1on 1n raw tubers and to

1fo11ow changes dur1ng the freeze thaw granu\e process {n the. subse—';'s

f"quent 3ect1ons, the author has tr1ed to rev1ew the 11terature pert1nent
N

j'ce551ng, (111) m1crostructura1 aspects, ( V). 11p1d degrad1ng enzymes in o

'jgtuber and ( ) 11p1ds as’ precursori,

“ .

gﬁ ranc1d1ty deve]opment

-~

: :2;» Potato L1p1ds 1 m'ifﬂ;.;fi‘;"?j:r- o qll“_ iwlﬁ

Tota] L1p1ds

! '?,,“ e

In recent years cons1derab1e attent1on has been g1ven to the

FStudy Of the‘compos1t1on and metabo]1sm of 11p1ds in. photosynthet1c .3"

-bt1ssues and seeds, but re1at1ve1y 11tt1e work has been app11ed to

”_tp1ant storage tlssuest Informat1on on potato tuber t1ssues to date is :::-

-j' pr1mar11y qua11tat1ve and 1n common w1th most stud1es on p]ant

’ .

"11p1ds, quant1tat1ve aspects are frequent]y conf1ned to determ1nat1oh

"gof fatty ac1d compos1t1on “.‘"W

Kon1g (1920) an ear]y potato research p1oneer gave thé

J‘4~fcompos1t1on of potato 11p1ds as 76 17% carbon 11 85% hydrogen and

: '11 98% oxygen, w1th 10 89% unsapon1f1ab1e matter ;fﬁ_:», fi.v',”fl
. 1

The quant1ty of 11p1ds in wh1te potato may be too sma]] to be f; _d

|

| K T
[

i

(1) ]1p1ds 1n raw and processed potatoesx ( ) methodo]ogy of pro—'\-]f”

<7f on1y after maJor 1mprovements in . sh1pp1ng and storage stab111t1es are N

'ﬂfﬂstorage can resu1t 1n ‘a gradua] deve]opment of an ob3ect1qnab1e ranC1d e



{
L
&

. A S . ,," _
V'~qtu*:' of‘nutr1t1ona1 s1gn1f1cance Surveys of the ]1terature (Lampltt and
| llu:{{Go1denberg, 1940\ Kroner- and Vo1ksen, 1950) 1nd1cated that the fat.
f'content oflether-extractib]e matter of the potato ranged from 0. 02
“Hﬁjvfi'to 0. 2% on a fresh werght bas1sh W1th an average of about O 1% |
":?hfz‘;,Exhaust1ve extract1on of potatolgranules w1th petro]eum ether y1e1ded '
| "ijt.,, about 0. 15/ fat (dry bas1s) but further extratt1on of the potato
) l} d"res1due w1th ethano] gave an add1t1ona1 0. 204 of petro]eum ether-- SR
: ,'?fﬁsg;g\_solub1e mater1a1 (Ta]burt and- Sm1th 1967) o o e |
IR Vo]ksen (1950) found that potatoes y1e1ded 0 1% of a fat w1th
anldod1ne number of 95 0 and a sapon1f1cat1on number of 165 7. F_t‘ :.
from the outer port1ons of tubers had an 1od1ne number}of 101. 6 and 'f-
a sapon1f1cat1on number of 161 7 whereas fat fYom uneven port1ons |
":( had an 1od1ne number of 90 5;and a sapon1f1cat1on number of 128 8
_ Quant1tat1ve est1mat1on of 11p1ds from dr1ed potatoes was : fﬁ
’?1?3. carr1ed out by H1gh1ands et a1 (1954) who reported about 0. 17/ potato o
N fat (dry bas1s) that was. extracted w1th petro]eum ether from a1r dr1ed o

l

and vacuum dr1ed potatoes The 1od1ne number was between 158 to 160

and the stab111ty, as measured by the 1ncrease in perox1de va]ue '
durlng 1ncubat1on at 64°C was about the same as that of 011ve 011

Tota] amounts of ?1p1d extracted from Pont1ac and 0ntar1o "75i
( v

L]
~- \v' '_

potatoes d1d not change s1gn1f§cant1y w1th storage (Mondy et al., 1963);_uf o

However the cohcentratlon of 11p1d was greatest in the per1derm and

. \1_t1owest in the vascu]ar storage parenchyma and p1th (Ta]burt and Sm1th
N

o If;f;17f1967) The fat from the outer 1ayers of the tuber was a brown, v1scous7f»el”:

Hl“hif};:- i1y wh11e that from the 1nner part was 11ght co]ored and butter11ke 1n'dfu'

» icons1stené§ (Schw1mmer and Burr 1967) \Ohad et a] (1971) found the



<, »

";re1at1ve amount of 11p1ds decreased dur1ng growth of potato tubers,

lﬂfand they observed f]uctuat1ons 1n the re]at1ve ]1p1d content dur1ng

= storage h**“!ﬁj;:-;f'i;v‘wh‘f . _tr. : .:,“j‘ vﬂzwy :

ot : Ca -
S1nce potato tubers norma]]y accumu]ate po]ysacchar1des rather

"than tr1g1ycer1des (TG) as the1r maJor source of reserve energy, the .

":w.:11p1d content of these t1ssues 1s genera]]y ]ow, and 1s ma1n1y

' :;comprased of phosphol1p1ds and g]yco11p1ds The detr1but1on of 11p1ds:'" ‘
lin, potato pee]s and 1n potato f]esh was repdrted by Fr1cker (1970) |
"fThe pee] was obta1ned by remov1ng a 1 mm thlck outer layer from the ’

\ tuber and the c1ean.per1derm or sk1n was read1]y pee]ed off after , ;ilil,i'.‘“-

freeze dry1ng = The 11p1d content of the pee] was 2% (dry we1ght bas1s)

and that of the f]esh 0. 61%, while the whole tuber gave. 0. 77%. When the

:; sk]n was removed is a c]ean per1derm the 11p1d contents were 0 58A for o
‘fthe f]esh 3 36A for the per1derm and 0: 70/ for the ent1re tuber
Ga]11ard (1973) analyzed potato tubers from 23 cu1t1vars‘ﬁf .
~;jrobta1ned at°harvest It was shown that the tota] 11p1d content ranged , L
;ufromlO OSA to 0 13% fresh we1ght or about O 5% dry we1ght Resu1ts werejm.m”;n
'A;s1m11ar for a]] cu1t1vars and no sign1f1cant d1ffer:2ces 1n the | \

';~1nd1v1dua] 11p1d components were observed betWeen c t1vars The author?i_'

»la,stressed that the maJor1ty of potato 11p1ds were po]ar, phospho— and

- ‘g]ycol1p1ds, hence po1ar so]vents must be used for eff1c1ent 11p1d

' ;'extract1on ‘In add1t1on, potato thsues shou]d be treated in bo1]1ng :;,. ‘35i16
G A\ TR AR
J»»1sopr0pano1 to. 1nact1vate the h1gh 1eve1s of two 11p1d degrad1ng enzymes, S

'i']1po]yt1c acy] hydro]ase (LAH) and 11poxygenase (LOX) -a' ;f”

The maJor 11p1ds in potato tubers are those assoc1ated wnth the
1fu11poprot41n membrane structure, 1 e > phosph011p1ds and g]yco]1p1ds 5’; S Ff.%if



It is’ un11ke1y that tuber T1p1ds pTay a maJor roTe 1nvenergy storage,‘ 3
thus the 11pid compos1t1on of potatoes shoqu reflect the b1ophys1caT .
propert1es of the membrane structures of the ceTTs and subceTTuTar
organeTJes (amyTopTasts, vacuoTes, m1tfchondr1a pTast1ds, endopTasm1c::°
"ret1cuTum, etc ) It is weTT estabTished that T1poprote1n structudes
‘.onTy funct1on eff1c1ent1y w1th respect to osmot1c propert1es, 1on __'.
transport, etc ; when the "f1u1d1ty" of these membranes is str1ct1y

controTTed The maJor factor respons1b1e for membrane "f1u1d1t<; at
)

a g1ven amb1ent temperature 1s the degree of unsaturat1on of fa A

3 f ac1d< 1n ‘the const1tuent 11p1ds The degree of unsaturat1on tends to §

A

'd 1ncrease w1th reduced temperature to ma1nta1n membrane v1ab111ty

Berkeley and Ga111ard (1974a) reported that the main potato ,d SR

T1p1d const1tuents were phosphoT1p1ds and ga]actoT1p1ds, wh1ch were
»essent1a1 t or ma1nta1n1ng the 1ntegr1ty of membrane structures
They were r1ch 1n poTyunsaturated fatty ac1ds Subsequent]y 1n 1975

Ga111ard and h1s co workers concTuded from a ser1es of stud1es that

o

_ne1ther the cho1ce of potato cuTt1var nor of storage temperature wasgilﬁf:*~t"

T1ke1y to reduce the poTyunsaturated fatty ac1d content of potato

suff1c1ent1y to avo1d the probTems exper1enced commerc1a11y ln the : ;-cf‘dﬂ“t'

' ox1dat1ve degradat1on of poTyunsaturated fatty ac1ds to produce -tf
QBf f]avors in potato products v RO |
y _ Quant1tat1ve data were obtalned over three consecut1ve years‘ i
for 11p1ds 1n the bud and stem and reg1ons of Katahd1‘btubers (Mondy '»

| and MueTTer 1977b) v It was found the total crude T1p1d was rlcher in
the bud than the stem end of the tuber They aTso found that potatoes'T

w1th greater crude 11p1d and phosphoT1p1d contents were Tess' o



"'7suscept1b1e to enzymat1c brown1ng They concIuded that the . I1p1d s

')ocontent of the tuben, aIthough reIat1ver Iow was 1mpoltant in

. determ1n1ng ce]IuIar 1ntegr1ty and res1stance to bruis1ng

‘1"mb} PhosphoIip1ds '

Phosph011p1ds are, egceroI ph'sphat1des in wh1ch one of the-;fbfs};?yffff?

{ ester1f1ed w1th phosphorlc ac1d‘

“1ipr1mary hydroxyI groups,of egceroI 1‘\ 'if%f;-ft;'

"d _In most phosphoegcer1des the hydroxyI groups at carbod.atoms I and 2 IR

zjare ester1f1ed w1th two fatty ac1d res1dues In add1t1on most phos-i

'J”phoegcer1des conta1n an a]cohoI component 1n which the hydroxyI group'_.ﬁ B

o RS 1s ester1f1ed w1th phosphor1c ac1d The most abundant phosphog]y— R

cer1des in pIants are: PC and PE (F1gure I) Othﬂr common.phosphof;*j.f - ';_}\'
m.glycer1des in pIants are PI PG and PS _n.i o _ - S
| ' Phosph011p1ds are about 20% of the totaI I1p1ds in many photo-v‘fb.fd

R synthet1c t1ssues (Kates and MarshaII 1975) PhosphoI1p1ds 1n Ieavesfl"

"~'maJor component However the amount of phosphol1p1ds 1n nonphotosynfi

' and green aIgae cons1st ma1n1y of" PC PG PE and PI w1th PC be1ng théffg.fd

ifthet1c plant t1ssues is much h1gher than in photosynthet1c t1ssues

:dffGa111ard (1968) found phospho]1p1d to be the predom1nant component of

vh'iftotaI 11p1ds at about 45% by we1ght PC was about 25 8%, PE 12 6% and

d PI 6 3 the Iatter be1ng r1ch 1n paTm1t1c ac1d S1m11ar resu]ts were _
”obta1ned by BoII1ng (1973) who found that the three maJor phospho]1p1ds o
't151n Potato tubers were ch PE, and PI o ‘ S | »(I
- | Speng]er and SchormuIIer (1972) reported the separatlon by - |
fSephadex G 25 and*s#ﬂ1c1c ac1d cqumn chromatography of poIar I1p1ds o
_der1ved from vacuum freeze dr1ed raw potatoes They fractkOnated the
"PoIar I1p1ds on a DEAE ceIIquse cqumn and c1a551f1ed the 1nd1V1duaI . efhdﬁt"'tg

.ffract1ons by TLC and by chem1ca1 anaIys1s of hydro]yzed products

[RCEVRE S SOV A
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'f_ 11p1d 1n the po]ar 11p1d fract1on “”i}Tid'- -" T o -_ X

: ; by Schwertner and B1a1e L1973 . They reported that 17 6% by we1ght of

. h conc]uded that membrane phospho11p1ds were synthes1zed mostly in- the

L more\than 70% by we1ght of the tota] 11p1ds in potato m1tochondr1a g

¥ ]1p1ds exclus1ve1y From 1n v1vo stud1es, Maz]1ak__t. 1 (1975)

B m1crosomes, and 1ess so 1n m1tochondr1a ThlS rev1ew makes 1t obv1ous

e that ce]]u]ar organe]]es exchange the;r 11p1ds Moore et a] (1973)

NG

They found SE, Fs, MGDG cerebro.smes PC, P, PI, PA and a sulfo- -,

Phospho]1p1ds have been shown to be present in subce]lu]ar

';;_ organe]]es of most p]ant t1ssues PC and PE are the maJor phospho-. o

11p1ds of purifﬂed“m1tochondr1a from non photosynthet1c t1ssues They.,

K

are the most’ abundant of the membrane phospho]1p1ds, and const1tute B

(Meun1er and Maz11ak 1972) i The outer membrane has tw1ce as much PC

as PE, wh1lst the 1nner membrane has a]most equa] quant1t1es of these

compounds

The 11p1d compos1t1on of p]ant m1t0chondr1a was 1nvest1gated

potato m1tochondr1a was ]1p1d5°‘ Phospho11p1ds, predom1nant1y PC- and

PE were 56% by we1ght of the tota] ]1p1ds McCarty et a] 197%}'a1so'

va reported that h1gh1y pur1f1ed potato m1tochondr1a contained phospho~ ~“

showed endop]asm1c ret1cu1um to be the s1te of phospho11p1d metabo]1sm
S1m11ar]y, Beevers (1975) suggested that endop1asm1c ret1cu1um was..

1nt1mate1y 1nvo1ved,’spec1f1ca11y 1n the product1on of phospho11p1ds :

dest1ned for 1nc1us1on in the membranes of many organelles Ear11er,’;h;

Ben Abde]kader and Maz]1ak (1970) found the m1crosoma1 membranes of

n

10

potato tubers conta1ned PC PE and PI asnmaJor components of the phos- f{5:1:“

pho]1p1d fract1on Demandre (1975) reported that potato p]asma]emma- H;

membranes were r1ch 1n phbspho]1p1ds;'PC and‘PE be1ng predom1nant
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L R A
Lo Lo

wlr o



P
~

Mondy and MueT]er (1977b)'reported that potato discOToratiOnT

-was re]ated to anatomy and T1p1d compos1t1on, TheyTFound'the'phosphoéu

]1p1d content was: h1gher in the bud end than the stem end. Also they -

. ~suggested that the var1at1on in T1p1d content between the two ends

: cou]d be exp1a1ned by the h1sto]og1ca1 deveTopment of the tuber Reeve-: 3

et a] (1969) observed that dur1ng tuber development the bud was more

1mmature than the stem reg1on and that the former ma1nta1ned a greater"

capac1ty for ceTTuTar d1v1s1on, part1cu]ar]y dur1ng the Tater stages
'i” of deve]opment The fact that bud reg1on ceTTs were younger and

sma]]er brought about an 1ncrease 1n ]1poprote1n membrane surfaces

}} w1th1n a g1ven voTume, and consequently, gave a greater T1p1d content A

L
S1nce T1p1ds are a maJor component of cel]u]ar membranes, Mondy and

MueTTer (1977b) conc]uded that the membranes of potato t1ssue w1th a

} reduced 11p1d content were more ;usceptlble to e]ther chem1ca1 or

mechan1ca1 d1srupt1on Th1s wou1d resuTt in greater suscept1b1]1ty,tf‘5 )
" to d1scoTorat1on by the act1on of freed enzymes on. poTyphenoTs thatg-ff"

were 1n1t1a11y separate\from the enzymes w1th1n the m1tochondr1a byﬁ_§3h~:

11p1d membranes v

- c; GTyco]1g1ds ’_;j' : _f,;:j_' - '"';;n,‘;'tf'iudr

PTant t1ssues conta1n T1p1ds 1n wh1ch 1, 2- d1acy1 sn- gTycero]s s

-;t_,..‘.’.. - R -
. _._s.-‘.w.,.‘s

are. Jo1ned to sugar m01et1es by a gTycos1d1c T1nkage at pos1t1on 3 iélﬁiﬂf~5:ni> "

. d Ty ©

(Hrtchcock and'N1con, 197r ’Kates 1979) These 11p1ds arelmaJor

» T

. '3?: const1tuents of pTants and m1croorgan1sms The most.abundant sugar 1nﬂ.wv

l‘,

11

h1gher pTants and- aTgae 1s ga]actose whereas mannose and gTucose’are f_tf.'

a.

more often found 1n bacter1a.q The pr1nc1pa1 glyco]1p1d components 1n

plants are mono and d1ga1actosy1 d1gTycer1des (F1gure 2) GaTactosyT.

o d1g]ycer1des are\formed by transfer of the gaTactose from ur1d1ne .
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1

Ga]actosyl d1g1ycer1des, when présent 1n 1arge quant1t1es,'.‘

- may act as reserves of metabo]1c energy (Sm1th and wolff 1966

h' Rosenbert 1967) A1though the 11p1d contents of potato +1ssues are. o

.

B too 1ns1gn1f1cant to serve as- energy reserves, ga]acto]1p1ds in potato .

-'tubers are present 1n surpr1s1ng1y h1gh concentratwon (Ga111ard 1968,.d'

Bo111ng, 1973) as’ compared to the1r content in et1o]ated 1eaf t1ssue

1'In add1t1on, the re]at1ve amounts of MGDG to DGDG in potatdbt1ssues

- are just the reverse of those reported for etiolated bar]ey 1eaves’
v__(Gray et al 1967) f’ﬁc -'g.fﬂ' 'M__ 'Lh_'irf\'év a

| Demandre (1975) reported the presence of MGDG and DGDG 1n
dzhlpotato p]asma]emma membranes Ben Abde]kader (1972) reported

| ga]acto]1p1ds amounted to 16% of total 11p1ds 1n m1crosomes of o
.“:;n”potato tubers McCarty et a] (1973) found that h1gh1y pur1f1ed Epf

S & °
: p]ant m1tochondr1a1 préparat1ons from potato tubers conta1ned no _

M"lgalactosyl d1g]ycer1des However, Schwertner and B1aLe (1973) ShOWEd fJfﬁf

».fd;that the1r p]ant m1tochondr1a1 preparat1on conta1ned galacto11p1ds

:"f;They a1so raported that the gata;t 1tp1d content wasfmarked]y h1gher

' dlphosphgte'ga;a:;Zse to a d1g1ycer1de They:are aﬁSO major-acyﬁj '

»‘: \‘," l1p1ds of the chlorop]ast

“*7f;if1n chlorop]asts than 1n m1tochondr1a ?iv*:ff;iﬁfff*i”:?::@?r77 s

R T R T
P - . fw' -‘z.'_'_] SRR

‘\ 0

;ﬁ;;;f.:?;;{ In a recent study,'Manne]]a and Bonner (1975) found that the

~_f:outer m1tochondr1a] membranes of potato contaln about 40119 sugar per
‘ mg of m1tochondr1a1 protexns Th1s wou]d suggest ‘the presence of

”ﬂfwga1actol1p1ds 1n potato mxtochondr1aa- However this has not yet

e e

'-_itgpi:-been proved, nor has*the d1str1but1on of ga]acto]1p1ds 1n other '.S W,

S ﬂ;ms qce11u1ar«organe]1es been 1nvestwgated

13 b_;:



. The rat1o of stero1ds to phospho11p1ds

~1ntrace11u1ar membranes 11ke ch10r0p1ast 1a

’p1asma1emma ff, : _':_ p. e ’5,.4»»3_‘ L N

"fj Schre1ber and Osske (1962) reported the presence of s1tosterol and

\j . ,‘ ' " - ) ... . ‘. ) “

od 'Stery1 Lipids

Gurr and James (1975) stated that stero1s ex1st 1T[a great o

fmany t1ssues as’ & m1xture of the free a1coho1s and the1r 1ong cha1n

fatty esters The magor stero1 1n h1gher p1ants 1s B- s1tostero1

~Most of the stero1s are comb1ned w1th sugars as stery1 g1ycos1des, .

I

. and 1n some cases the sugar mo1ety may be" acy1ated w1th fatty acnps

‘These COmpounds are known as ester1f1ed stery1 g1ycos1des (F1gure 3)

nd g]yco11p1ds is 1ow in the

1a or m1tochondr1a,

but re1at1ve1y h1gh in. the membranes wh1ch surround cells such as. p\

~_ -

Vo1ksen (1950) reported ‘that non- sapon1f1ab1e 11p1d fract1on)'_j

| ‘Lh:of potato conta1ned cety1 a1coho1 and a non n1trogenous stero1d 3

' N

N

two un1dent1f1ed stero1s in. potato 1eaves Johnson et a1 (1963) BN S

";t§1dent1f1ed cho]esterol 1n the stero1 fract1on of potato-stem;and

1eaves .'."f ‘-i'diving, |
Fr1cker (1970) reported that the mawn cons+1tuent of stery1
11p1ds in potato tubers was ESG,. but s1gn1f1cant amounts of SG,\ FS

and SE were a]so found In a deta11ed study, Lepage (1964a) showed

b s1tostero1 to: be the maJor stero1 component (854 of the tota1 stero\s)?

" in SG and ESF fract1ons of steryl 11p1ds

\

‘ Attent1on has a1so been g1ven to the mo1ar compos1t1on of

‘near: one to one of stero1 to glucose in stery1 11p1ds of potato tubers

Duperon et aT (1972) stud1ed the d1str1but1on of stery1

‘Jipidsstn;;e11ular organe11es of potato tubers ) They reported ‘that -

S

e sugar mo1ety 1n.SG and ESG : ra111ard (1968) reported a mo1ar rat1o . r‘;t o

Teeganndd



-'_presumab1y 1ntermed1ate and end products dur1ng the convers1on of

L stery] 11p1ds were present most]y 1n‘the'm1crosomes, foTTowed by _
:lﬂm1tochondr1a The starch gra1n§?and the nuc1e1 conta1ned very 11tt1e i;;-i}ev
'stery] 11p1ds The stery1 11p1ds present in the starch gra1n fract1oney;ae.
-:c_werevmostly 1k the form of free stero]s whereas the steryl 11p1ds 1n -
“the m1crosomes and m1tochondr1a were most1y ESG and SC In a recent X

srev1ew on steil} 11p1ds Mudd and Gaﬁc1a (1975) po1nted out that the -

’ h1ghest concentrat1on of phytostero]s occurred 1n the m1crosoma1

'fract1on w1th the second h1ghest concentratwon in the m1tochondr1a1 ":»;7
'pfract1on : Nuc]ear and ch]orop]ast fract1ons a1so conta1ned phyto-f
" dstero1s but 1n sma13er proport1ons The presence of maJor phytostero1s,
taB s1tostero1, stfgmastero1, campestero] and cho]estero],_1n most |
~subce11u1ar organe]]es 1ed Mudd and Farc1a (1975) td sug;est that they
B may have a phy§1qug1ca1 ro]e assoc1ated w1th the structure and

1

o funct1on of membranes Moreover, st1gmasteroT and cho]esterol are

AN

.(

'8 s1tostero] ‘to cho]esterol (F1gure 4), as proposed by Heftmann (197 )
Aﬂwho a]so suggested that 8 s1tostero1 may funct1on as a reserve supp]y

' 'from whvch p]ants -can. produce other stero]s ,:41 .A":f

-

e, Tr1g]ycer1des and Other Neutra] L1p1ds

Fatty ac1ds often occur as esters of the tr1hydr1c a1coh01

ffﬂ glycero]l The propert1es of TG depend on the fatty ac1ds present_f:""‘°

-'the1r re1at1ve amounts, and the1r pos1t1ons 1n the mo]ecu1e in__f_i
-’general, when unusua] ac1ds are accumu1ated ina p]ant they are " f} i
i stored most]y as TG P]ants wh1ch accumu]ate fats as the1r maJor SO )

Itis o0

source of energy reserves (e g ) oﬁl seeds) are r1ch 1n TG .
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Well known that TG p]ay on]y a sma]] ro]e in membrane structure‘ and
_ are 1nvo1ved ma1n)y as conven1ent and eff1c1ent channe]s of.ce]]u]ar Sl
L fatty ac1d storage Polysacchar1des,/rather than TG are the maJor
~ﬁ3f: source of reserve energy in potato tubers and the1r TG Lante3£_3§§f7?'i“'"
| genera]]y 1ow Ga111ard (1968) reported that, a]though TG content
1n potato tubers was }ow, 1t was the only maJor component 1n the _
;;55;4 neutra] 11p1d fractlon Fr1cker (1969) d1scovered an apprec1ab]e ;;:t””‘p'~‘a
L amount of TG 1n potato 11p1ds Free fatty ac1ds (FFA) were present 'Lfigéi?éiééki
'v ina 1esser Droport1on " ”'.?;‘ 3 d“rf,?"ﬂ.fa'ﬁl.fixiij“:z,ﬂ:vr-1xif‘i-sp:m;[;

The-dnsf?1but1on pf TG, FFA and‘other neutra] 11p1ds 1n sub-

ft?ﬁtni;fcontalned~neutral 11p1ds, amountlng to about 14% by welght of tota] ':ffiiﬁfd’“

'm1tochondr1a] 11p1ds Bemandre (1975) a]so reported that potato

p]asma]emma were r1ch in neutra] ]1p1ds ma1n1y steryl 11p1ds Hh?aﬁathIF}fi-fiiﬂ

"~;f ft Fatty Ac1d Comp651t1on

Vo]ksen (1950) 1so]ated and character1zed 11no]e1c; 11nolen1c
and pa1m1t1c ac1ds¢1n the sapon1f1ab1e fract1on of potato fat but |
gave no quant1tat1ve data U51ng spectrophotometr1c methods,»y

' H1gh1ahds et a] (1954) found 41% 11no]e1c ac1d and 28% 11no]en1c ac1d e
1n the fat of Katahd1n potatoes In a more deta11ed study, Buttery et “':tr‘
al. (1961) 1so1ated ]1no]e1c and 11no]en1c ac1ds from Russet Burbank i

potatoes by use -of . gas']3 '1d 'hromatography, and 1dent1f1ed them by |
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A deta11ed study of 11p1ds and thefr fatty ac1d compos1tion -
'f'us1ng coTumn th1n 1ayer, and gas 11qu1d chromatography : M_‘
:viwas prov1ded by Lepage (1968) for. potatoes grown 1n r‘anada Netted
'"szem (Russet Burbank) and Kennebec as’ representat1ve of exce11ent
1laffprocessxng and storage qua11t1es, and Ir1sh Fobb1er and Sebago as. ;fy,,;;fdflhtt
fdﬁfa1r to good storage qua11ty He found that the predom1nant fatty

e%ij.p;;fff;ac1ds in. Kennebec cu1t1vars of potatoes were pa1m1t1c (19 5%)

1§fl1nole1c 44 8%) and ]1no1en1c (30«4%) The resuTts showed‘on1y

cal few cu]twvar p1fferences 1n content of some’11p1d c1asses, and

%*Z'Qé;;ﬁ;;;;no diFference-in- the- fatty aq1d compos1t1on of the' total 11p1ds }?‘7;fi°:15*77

‘--..»-.,_..,._- oll""o - - P T U

-,.However, marked d1fferences were observed 1n the fatty aCTd

tgigfﬂ{comp051t1on of some 1nd1v1dua1 const1tuents of po1ar 11p1ds Ga1]1ard;‘.7a -

‘ *‘j(1968) a1so analyzed the fatty ac1d compos1t1on of potato tuber T1p1ds, Dl fﬁf[

L -f'1n most acy1 11p1ds, E&g and PI were re]at1ve1y r1ch in pa1m1t1c

- . N

- ac1d Ear11er Lepage (1964b) found a- s1m11ar h1gh content of satu{_”f”:ﬂ“'”?”

rated ac1ds1n ESG whereas MGDG and DGDG had hwgher contents of

-

N e \
’-p]1no1e1c ac1d than other 11p1ds As 1n photosynthet1c t1ssues apd

storage tlssues‘(e g oy turn1p, app1e and bu]bs),_PC ‘and” PE had
l\. s1m11ar fatty ac1d contents, PI and PG were re]at1veTy r1ch in

",pa1m1t1c ac1d v Later ana1ys1s (Fr1cker, 1972) of fatty ac1d ;:;;it

,';_'compos1t1dn 1n potato 11p1ds by gas. chromatogr'phy and mass spectro-‘,‘

_metry a]so revea]ed that the maJor fatty ac1ds present were 11no1e1c,v."'
R o ‘

‘.,':1jno1en1c and pa1m1t1c ac1ds R R o
Mudd and arc1a (1975) reported that fatty ac1d ana1ys1s\ of |

' 'Vi1g?galactosy1 d1g]ycer1de"

f h1gher p1ants showed part1cu1ar1y



e

notab]e features (a) ga1acto11p1ds were hagh]y unsaturated ( b)

MGDG appeared to be more unsaturated than DGDG, and (c) pa1m1t1c 4 ;;'i’tlul'; L

':i ac1d was found predom1nant1y 1n DGDG These features wére observed }},“;-'i%'*°5

in potato galacto]1p1ds (Ga111ard 1968) In add1t1on,.he reported

that potato ga1act011p1ds were rICh in’ 1JnoJe1c acid. Ear]}er;Frqcker S

et a] (1972) determ1ned that MGDG and nGDG of potato tuber 11p1ds

ere very r1ch 1n unsaturated fatty ac1ds 411no]e1c and 11n01en1c &

ac1ds, 75 7% and 63 8% respect1ve1y) -l‘{b::gfff,:j“f7r;*”

u.-» T """’-""""-:’

gt Ve e

Ga1]1ard (1973) systemat1caT1y ana]yzed numerous European ;<ff7 ;

.....

T potato cu1t1vars and reported that 11no1e1c and 11no1en1c ac1ds

were 51 to 60 and ]3 to 24% respecttve?y,.of the. tota1 fatty.ac1ds

He a1so observed an 1nverse re1at1onsh1p between 11no1e1c andI

11no]en1c ac1ds wh1ch tended to” ma1nta1n the amount of pe]y-5'f

] ‘ff unsaturated fatty ac1ds 1n a11 cu1t1vars (70 to 76% of the tota1 |
fatty ac1ds) He conc1uded that at 1east 90% of the total fatty

" ac1ds were represented by one saturated ac1d (pa1m1t1c) and two

'h po1yunsaturated fatty ac1ds (11no1e1c and 11no1en1c) Stear1c and B

Y ‘.

'.1ac1ds were normal]y present in smaJ] amounts, and other-fatty

fatty ac1ds obta1ned from the f1esh and sk1n reg1ons of B1ntJe

potatoes, a]though the maJor fatty ac1ds present 1n both reg1onsg;'3

LA \

were the same 11no1e1c 1Jno1en1c and pa1m1t1c ac1ds

Fatty ac1d compos1t1ons have a1so been reported for ce11u1ar

organelles such as m1tochondr1a m1crosomes and p1asma1emma S

.‘;Stud1es by Cher1f and Benjpiiff*"

7i Abde]kader (1970) revea?ed some compos1t1ona1 d1fferences 1n thé‘_r'* s .



5 5 L1no1e1c, pa1m1t1c and 11no1en1c acids were the maJor fatty ac1ds‘;

present 1n potato m1tochondr1a (Ben Abde]kader et a]., 1969)

ﬁ

Meun1er and Mazl1ak (1972) found that the outer membranes of

d: ;potato mxtochondr1a conta1ned more Saturated fatty ac1ds than the -

F ﬁ\,,

R 51nner membranes f Schwertner and B1a1e (1973) stud1ed the fatty
:rac1d compos1t1on of tota], neutra], phospho- and ga]acto11p1ds of_4
'Tllpotato m1tochondr1a W1th the except1on of neutra1 11p1ds, a11

L ;the mntochondr1aT‘11p1ds conta1ned most]y 11no1e1c, pa1m1t1c and

vf‘11n01en1c ac1ds as maJOr fatty ac1ds The1r re]at1ve compos1t1on

ivar1ed s1gn1f1cant1y between 11p1d fract1ons Ga1acto11p1ds

"~u',

"77conta1ned re]at1ve1y more ]1no1en1c ac1d than the other lipid

LS

xfract1ons 01e1c ac1d was a maJor fatty ac1d 1n the neutra1 ]1p1d

\
\

.' 'fraCt10n ”ﬁ “hv“ d»..;>‘ . _:‘\fd: P : ..v . :\\
The m1crosoma1 membranes a]so conta1ned the same fatty ac1ds
but 1n a d1fferent re1at1ve compos1t1on (Ben Abde1kader and Maz]1ak

1970) CytopJasmac membranés (p1asma1emma) had very s1m11ar{

L -‘"fatty ac1d compos1t1ons(Demandre, 1975) It has a]so been found

“;=5ftnat,w1th1n the same membrane-PI conta1ned genera11y more saturated

; -;;acyl moweties than ?C or PE wh11e DPG conta1ned more unsaturated

Lo g ‘
;;ifatty ac1ds than other 11p1ds (Meun1er and Maz11ak 1972) MannT11a

:'ff'and Bonner (1975) ana]yzed the fatty ac1d compos1t1on of the outer

"-,m1tochondr1a1 and 11ght m1crosoma1 membranes of potato tubers and

. found them to be a1most 1dent1ca1

VA

ISR S
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“LfB;ﬂfProcessed,PotatoeS’i“

T

-
L

"~ 1. General Considerations .~ -

e
- Dehydrated potato granu]es are one of the most popu]ar '

potato products, and product1on is. st111 1ncreas1ng in vo]ume and

RN

3’7. eff]cﬂency*‘ They were f1rst deve1oped as g Wor]d War 1T m111tary

L

BT

'ﬁﬁ sequent sect1ons

. 1tem 1n Eng1and and were 1ntroduced 1nto the Un1ted States for

home use 1n 1947 Hewsler et al. (1953) used so]vent extract1on o

2

for dehydrat1on to produce potato granu]es However, the pFOCESS".

e

f7'1nvo1ved many stages of extradt1on and. d1st111at1on, and the

f1na1 product 1nev1tab1y conta1ned traces of the so]vents emp]oyed

Moreover, the 1oss of some so]ub]e mater1als dur1ng proce551ng

s x,resuTted 1n a produét wﬁth 1nfer1or organo]ept1c eua11ty

n"v.‘.‘

Techno1og1ca1 deta11s of potato granu]e product1on were

adequate1y rev1ewed by 01son and Harr1ngton (1955) Feuste] et al

Lk

(1964) and Gutterson (1971) At present, commerc1a1 process1ng
of potato granu]es 1s pr1mar11y done by so= ca11ed add back

processes Techno]og1ca1 deta]]s of these and some other p1]ot

: -a'.'w

"::- .- T

p]ant processes, such as freeze thaw w11] be rev;ewed 1n subm

e
- N

.1
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_ 2t - Add-Back Process

R

B As stated by Boy]e (1967), the add- back process is the most

accepted method of potato granu1e productton In genera],‘tnts.‘;-’

process 1s character1zed by 1onger air exposure and heat treatments o

| j»h of the granu]es 1n mash m1x1ng, cond1t1on1ng, predry1ng and dry1ng

(2) tr1mm1ng,,(3) 51’C1“9’ (4) W65h1”9§1(5) DPeCOOklng~water b]anch1ng, L

steps The s1mp11f1ed product1on steps are (1) steam pee11ng, f.fl

(6) water coo]1ng, (7) steamacooking; (8) mash-m1x1ng, (9) cond1t10n1ng,7

s (10) rem1x1ng, (ll)-air-Tfft-drying; (12)- cyc]one granu]e co]]ect1ng,

e 3

."‘»».

- Reeve (195€a & b 1972), and Barto]ome and Hoff (1972) reported

)
L

The: most common steps tn starch man1pu1at1on used n the

‘“,',,‘.».' fth“. , -

process are. precook1ng (Peeve, 1954b Har

at ]ow temperature (Olson and Harr1ngton, 1955)_, A]] these stEps

- were a1med at 1nduc1ng retrogradat1on of starch 1n cooked potatoes R

so that the starch gel wou]d become 1ess st1cky and 1ess so]ub1e

¥

that precooang or part1a1 cook1ng prlor to comp]ete cook1ng tended

h to 1ncrease mea11ness of the dehydrated products and to f1rm the

:\

potato t1ssue Potter (1954) reported that granu1at1on of the mo1st

m1x was eas1er to accomp]tsh after such temper1ng It a1so 1mproved o -

‘the texture of the product ‘ :
The mo1sture content of the cooked and mashed potatoes has .

to be reduced to 1ess than 40% beﬁore the mash can be successfu11y

~(13) ‘fluidized-bed drying, (14) ‘ﬂ"uid'i'z'ed-bgd coohng and (15) sifting.

‘,‘: Potter et a] 5 1959), and cond1t1on1ng or teMperlng of ‘the: Wonst m1x-n ﬁ,~,7~

- "’,-

r1ngton, et a] s 1959, and 'iy“f_,i



‘ granuTated to a f1ne powder w1thout éxcess1ve ceTT damage (OTson and
Harr1ngton, 1955) To reduce the mo1sture content of mashed potatoes
hto the des1rab1e TeveT, rec1rcu]at1on,of the dr1ed granu]es to m1x e

.w1th the fresh]y mashed potatoes was’ deve]oped as an 1mportant step

A

?ty-f.of the add back process | '
v The part1a11y dr1ed potatoes are then subJected to coo]1ng |
andvcond1t1on1ng at Tow temperatures fo]]owed by rem1x1ng and two
‘stages of dry1ng The process of drynng the petat;‘granules is
accomp11shed w1th air= T1ft and f]quTZEd bed dryers (Olson and
-THarr1ngtonw 1955 Harr1ngton et a] 1 59) In most cases granulated

'ppotatoes are dr1ed to about 12% mo1sture in an a1r 11ft dryer and

. 'mgen to about 6% mo1sture 1n -a fTu1dlzed bed dryer s.The advantages of

| ‘xfus1ng a fTu1d1zed bed dryer are: (1) h1Lh heat transter rates and (11)‘ -

T~greater un1form1ty of\temperature (Scot
L
"'_product is cooTed to approx1mate1y room temperature The coo]ed

bfi_hdehydrated granuTes can be s1eved to the des1red mesh s1ze to produce

va qual1ty Product : ,tv';:;:IQ', 4 ITH ,4fh :Jl: '[‘p‘_7 5.31 f ’ir

-

3. Freeze Thaw Process ‘ |
: Th1s}process 1s a p1Tot pTant product1on processvand is. _
°‘Rcharacter1zed by shorter and m11der heat treatments of the granu1e7/'
o The deveTopmentof protess1ng techn1ques for potato granuTes with
N freez1ng and thawwng as an 1ntegraT step was 1n1t1ated by Greene et aT

'f‘(1948), and. later described by Harr1nbton etlal (1951) Hall (1953)

5

o

et al. 1967) | F1na11y, the f‘.' f

_;-;and Reeve)(1967, 1969) Greene et a] (19 8 found that freez1ng A ;f .

icooked potatoes caused a remarkabTe toughen1ng of the ceTT wa]], and

GE} format1on of about 50% free mo1sture wh1ch coqu eas11y be expressed

~



o S v ' o h L ,:
"'vfrom the potatoes after thawlng w1thout damag1ng the ce1ls Ha]T

\'a_(1953) found that a longer freeznng t1me resulted 1n more water be1ng

. expe11ed from thawed potatoes Harr1ngton et a1 (1951) reported

*that s]ow free21ng, or qu1ck freez1ng fo]]owed by s]ow-thaw1ng of

‘f,~[cooked potatoes caused a freez1ng out of water from the solub11lzed A

; :starch 1eav1ng a f1rm structure that woddlna1nta1n 1ts phys1ca1

'r.propert1es throughout subsequent dehydration Reeve (1967 1969)

""’observed that freez1ng and thawThg ‘of cooked potatoes reduced the f

-;swe111nd capac1ty of the ge]]ed I&arch and 1nf1uenced 1ts textura]

.:nnpropert1es Th1s had advantageous effects 1n the manufacture of

granu]es by rendering them|more frwab1e after thaw1ng so that granu1a7~'

‘tt1on was read11y accomp11shed A freeze thaw process 1nvolv1ng the
: steps shown in F1gure 5 has been;1g?roduced by Oora1ku1 (1973)

The methods for pee11ng, s]1c1ng, wash1ng, and su1f1t1ng can

v.ﬁ;'be any standard methods used 1n p11ot sca]e work or 1ndustry Abras1ve;',he’p__

f'pee11ng has been found to resu]t 1n excess1ve 1oss of potato t1ssue 'ﬂ,‘

3 v

'ffw1th the pee]s Steam pee11ng or 1ye pee11ng reduce the loss

h~cons1derab1y The pee]ed potatoes ‘are 1ong1tud1na11y s]1ced 1nto

;,str1ps of about 1 2 X 1 2 cm to fac111tate un1form and rap1d heat transfer

-

dur1ng cook1ng Thorough wash1ng of free starch grawns from potato
"ffs]1ces is necessary to- avo1d st1ck1ness on the surfaces of the cooked
rixhpotato s]1ces, since ge]at1n1zat1on of the exposed starch gra1ns wou]d

gcontr1bute to the past1ness of the f1na1 product on reconst1tut1on

. 5U1f1t1n9 by Soak1ng the potatoes in 0 5% sod1um b1su1f1te solut1on e

‘-1jfor about 5 m1nutes has been found to be adequate for arrestlng B 7“u,i

"flenzymat1c brown1ng of the potatoes and 1t a]so 1nh1b1ts m1crob1a1
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,

in the storage cglls, so?ub111ze pect1c substances in the m1dd1e

1ame11a, and render the potato t1ssue more su1tab1e for mash1ng and

)

"_,drywng operat1ons Hence, 1n cook1ng potatoes for process1ng 1t 1s’

l des1rab1e to ma1nta1n ce]] wa]] strength and e1ast1c1ty, to weaken

v1nterce11u1ar bonds , and to render the so]ub1e or amy]ose starch

. Harr1ngton et al 1959)

for potatoes In bo111ng water, 1oss of some so1ub1e so]1ds (sugars, ‘

1ess so1ub1e (K1ntner and Tweedy, 1967) Overcook1ng causes d

_f s1ough1ng or excess1ve t1ssue soften1ng,_therefore produc1ng more
' damaged_ce11s, wh11e undercook1ng resu]ts 1n unmashed 1umps and,,

hconsequent]y, h1gher amounts of broken ce11s (Severson et a1., 1955

oA

E1ther steam or bo111ng water can be used as a cooking"medium
\ N

gfprote1ns, ascorb1c ac1d so]ub111zed starch, and metal 1ons) occurs~

through 1each1ng l Th1s may be benef1c1a1 s1nce excess1ve extra- .

‘ ce]]u]ar amy]ose 1eads to st1ck1ness in mashed potatoes, react1dn of
_reduc1ng sugars and am1no ac1ds can produce non enzymat1c brown1ng,

fand iron ‘can 1ead to. after cook1ng darken1ng of the potatoes

However, the 1oss of - these so]ub1e so]1ds resu]ts 1n the reduct1on of

‘-jorgano1ept1c qua11t1es of the product as we11 as d1rect econom1c 1oss
' fVJer1cev1c and Oora1ku1 (1977) and Fedec et a1 (1977) reported that\
'"m1croscdp1c exam1nat1on of steam cooked potato t1ssue showed that

'“'1arge, swo11en starch gra1ns comp1ete1y filled the Ce‘15’ and a15° o

2

,"that a]most a11 of the ce]] wa]]s rema1ned 1ntact after cook1ng
Hence team cook1ng is cons1dered to be the most sat1sfactory method°

The cooking step serves to: delat?nfze starch grains'contained_ i

\

26
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L When potatoes are. cooked two 1mportant components of the -
potatoes from the granu]e process1ng po1nt of v1ew are affected
- name]y, starch and pect1c substances Upon cook1ng of potatoes at:
:'temperatures of" 88 to 100 C, a11 starch gra1ns are rapid1y ge]at1-t ‘
- n1zed As the process cont1nues, some so]ub111zed starch dlffuses‘.':g;
i:out of the cell through pr1mary wa]i p:ts an the ce11ulose matrix :rU'riyxv,?
_E(Reeve, 1954a) The t1ssue ce]]s become d1stended by the swol1en ge1 - |
d,and tend to separate, part1cu1ar1y w1th "mealy" tubers, due to the"
fjdegradat1on of pect1c substances between and in the cell wa]]s (Reeve,\
- 1967). It was observed that potato t1ssue at th1s stage was re]at1ve1y
*; soft and f]ex1b1e perm1tt4ng ce1] separa$1on by mash1ng w1thout |
»excess1ve damage On. the other hand Bretz1off (1970) exam1ned the
:‘cooked potato texture and appearance under a m1croscope “and reported )
: that no, swe1]1ng of the ce]]s was observed durTng cook1ng of tuber |
'"t1ssue in water Hence the hypothes1s that starch ge]at1n1zat1on }h
fcaused d1stent1on of potato ce]] wa1]s dur1ng~cook1ng was not sUpported
o ,”'by h1s resu]ts In fact Hoff (1972) d1sputed the ex1stence of the
‘ swe111ng pressure" wh1ch has been assumed to. cause rupture of the ce]]
f{;wa]] or a round1ng off of,the cel] surface w1th resu]twng ce]] separa- hvi.
tion. He a1so presented an a1ternate 1nterpretat1on of ce11 separat1on
| "b,iand rupture tak1ng into" account funct1ons of ca1c1um, organ1c ac1ds
ce]] s1ze, starch content age and storage\t1me, starch retrogradatjon',' B
d1ffus1on of amy]ose Lo e f'i'_- ;qﬁﬁ S | |
B Person1us and Sharp (1939) found that the decrease 1n ce11

'adhes1on after cook1ng was caused by the weaken1ng of 1nterce]]u]ar

e cement1ng mater1a1 of potato t155ue : Warren and Hoodman (1974)

. A 4



TN

\’-'1nd1cated that*compos1t1on of the ce11 waT1 matr1x was the maJor

ijto the destruct1on of cell structure dur1ng cooLlng.‘ L1nehan and -

‘t Hughes et

D T A e R " > R

~'a.l".>.:,~'. et

Y

determ1nant of ce11 wa11 th1ckness and, the degree of 1nteree11u1ar ‘

adhes1on wh1ch u1t1mate]y determ1ned the extent of ce11 separat1on

%/‘\

' dur1ng cook1ng Aga1n, Warren et a] (1975) suggested the poss1b111ty

¢

2.
»

.'hand phytate and 1ow 1evels of po]yva1ent meta]s in the ce11 wal1

"’mater1a1 favored th1s breakdown Moreover, 1ntrace11u1ar gases wh1ch

¥

.rexpanded dur1ng heat1ng were forced fr0m the t1ssue and contr1buted

N

”Hughes (1969b & c) suggested that amy]ose cha1ns m1ght act as avi -

°cement between potato tuber ce11s by format1on of hydrogen bonds w1th
r~ih‘polysacchar1des of the ce11 wa11 However, Ke1Jbets et a1 (1976)
4;found no 1nd1cat1on of hydrogen bond1ng between starch and ce]] wa11 y»

o po]ysacchar1des wh1ch wou1d 1ead to 1ower soTub111zat1on of oect1c

.o -
N

gvga1acturonan

When potatoes are cooked heat energy 1s thought to d1srupt

fgg; weaken some of the bonds in protopect1n mo]ecules,_resu1t1ng 1n an

r-1ncrease in the water so]ub1e fractfon of the pectfc substances,gy

reported that solub1112at1on of pect1c ga]acturonan dur1ng bo111ng of ‘

' _tubers (be11eved to 1nduce 1oss of ce]] cohes1on) was st1mu1ated by aT1_
non- starch const1tuents except ca1c1um wh1ch 1nh1b1ted so]ub111zat1on‘*'
"W1th 1ncreased concentrat1on, and conc1uded that ca1c1um comp1exed

'1more strong]y w1th pect1n than potato starch (Ke13bets et a] 1976) -

! V)

R P . S R

'[dehydrat1on of ce]] wa]] mater1a1 g A1so, h1gh 1eve1s of po]yuron1des fi_

t}that breakdown oﬁ‘cooked pdtato’tlssues*was due tﬁ eXCeSS1ve | dffvfﬁ;i;;‘ﬁ"

';'_(Bettelhe1m and Ster11ng, 1955 Jaswa1 1969) Ke13bets et a1 {1974) ';.

71975 reported that the effect of ca1c1um in 1ncreas1ng_';ff"



v'fZOVercome by extend1ng the. Tength of cook1ng
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._f=effect of reduced pH Thxs wncreased compress1ve strength Coqu be },Jﬂ;f]ﬂ; i

PO

Mash1ng determ1nes the extent to wh1ch the cooked potato ce]Ts }_*"

'~are separated and, consequent]y, the extent of damage susta1ned by

PR

the separated ceTTs The T1terature perta1n1hg to mash1ng haS‘been . :f;'”f’ e

:.adequately rev1ewed by Reeve (1954a, 1959 1970), Schw1mmer and Burr _, ".

- rather good ceTT separatlon with 11tt1e damage of cell waTTs

'”L'On the other hpnd mash;ng at. Tow temperatures resuTted in an

’

f_n1zed that freez1ng and thaw1ng enhance the qua11ty of granu]es

“vTRendTe (1945), 1n h1s patent of the add back process, 1rtroduced an »

'51ncreased percentage of broPen ceTTs The effects of“food add1t1ves

-”1mmediate1y aTTowed to thaw the resu1t1ng product was more granuTar ‘-'v.f

X5

' :W;(]967)’ and L1nehan and Hughes (T969a) Oora1ku1 et aT (1974) found

that potatoes mashed at temperatures cTose to that of cook1ng gave
P B

”Such as surfactants on the qua11ty of geTat1n1zed potato starch and

;pectwc substances have been descr1bed by Oora1ku1 and Hadz1yev (1974)

a

L B l . . . [: ‘.,-.

: The next and the most prom1nent step of th1s process 1nvoTves
‘ S

'free21ng and thaw1ng of the mashed product It ha< Tong been recog-~o

'?optxonaT step of freez1ng and thaw1ng of cooked potatoes pr1or to

_'hadm1x1ng He Found that, when the mashed potato was frozen and

1nd Tess geTat1nous 1n texture than when freez1ng was omltted Greene'?/

‘48) reported that freez1ng cooked potatoes resuTted 1n a remarEabTe

ughen1ng of the ceTT WaTT Consequent]y, approx1mate1y 50% of thev;”

e

»mo1sture 1n the potatoes cou]d be removed by press1ng or centn1fug1ng;h'h v7,fe4'v

o : -
- E

:”He found that, aTthough the macrostructure of the cooked potatoes wasn

o
L

,

-~



| f{f;;great1y altered by freez1ng and thaw1ng, the ce]]s appeared unchanged

: -and no ruptures were encountered

Though some workers have shown that the rate of freez1ng 1s R
'fgnot of great 1mportance to the effect1veness of the treatment, a‘ ],h

.‘moderate rate shou1d be preferred 1n order to a11ow suff1c1ent water ,,' f»‘f

' to d1ffuse out of the ce]]s 1nto ﬁhe 1nterce11u1ar vo1ds wh1]e be1ng e

-( - .
> P,

. frozen After thaWTng to room temperature, predry1ng 1s app1ﬂed £o. - ;‘t e e

_ reduce the mo1sture content of the cooked mash to about 40% so that it ;f,’
: can be granulated to a f1ne powder w1thout excessive ce11 damage

"gthhe granu]ated pothtoes are dr1ed to about % mo1sture then coo]ed :;r-'i;_h:v-h“p
;}fhpfzq and s1eved to the des1red mesh s1ze Predry1ng steps, granu]at1on, '

&

g dry1ng and coo11ng steps are perfonned in"a f1u1d1zed bed dryer

RREa e
: (00ra1ku1 1973) ST )
"'14 Effect of Process1ng on L1p1ds f;'*( -tV'I.{‘flg; B fy;, -

rii;,h;," Dur1ng process1ng 1nto granu]es,potato 11p1ds may deter1orate , P
‘ “tchem1ca11y by such means as autox1dat1on, hydro]yt1c decompos1t1on,
'h;aon7, brownlng react1on Phy51ca1 render1ng of fat from potato t1ssue
,[iidurfng cook1ng 15”“150 poss1b1e The effects of steam cook1ng and
'L_i;tf dry1ng of potatoes on 11p1ds have not been stud1ed 1n any deta]]
However, such effects have been repOrted for some other food products va:'
'fand vegetables Fr1cker et a1 (19750 stud1ed the 1nf1uence of heat
;tfg;ytreatment of 5T1nach at temperatures upto 100°C on tota1 11p1ds and a
‘7glycol1p1ds content They found that the amount of extract1b]e 11p1ds ;
was’ dependent on temperature-and durat1on of heat treatment app11ed B
"{5¢ Mondy and Mue1]er (1977a reported ‘the- effeq“of househo]d cook—
'il.d ;“1ng methods on the 11p1d compos1tron of potatoes However, changes”1n
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o »,fonly the crude*11p1d~and phospho]1p1d content of cortex and p1th

L e elia el

:dealt w1th They suggested that h1stoTog1ca1 changes dur1ng cook1ng,esgu;[§#,'p¥
Hiwh1ch 1nvo]ved cell’ rupture and a changa.1n t1ssue structure woqu fifiu:a.;fi?tfm

- "yperm1t 11p1ds w1thout be1ng hydrolyzed to d1ffuse from the ce]] ‘

' Ti:»TMoreover, the 11p1ds wh1ch funct1oned as structura] components of t‘; jf'
*";wceTTuTar membranes, e. g 5 phospho]1p1ds and gaﬁactd11p1ds, woqu not ;j.

o be free to- escape from the t1ssue except ‘when fragmented from the _:;lv-ri; o
:.membrane as a resu]t of cell ruptur1ng H1gJ cook1ng temperature ' ﬁfv::
:Hwould render the T1p1d components more f]u1d and suscept1b1e to damage .

S They found that cook1ng d1d not s1gn1f1cant]y aTter the fatty ac1d

B 1compos1t1on of tubers | The Toss of vo]at11es durwng cook1ng may

j;account for h19her phosph011p1d content 1n bo1]ed tubers than 1n tubers’tn :;'
"Tcooked 1n e1ther a. convent1ona] or m1crowave oven ProTonged heat1ng o
',fof tubers may resuTt 1n membrane damage, part1cuTar1y 1n the cortex

},d.area, and hence greater Toss 1n phosphoT1p1ds o '_'} o

.V'QT L{ ;:eife Recently, research by Maga et a] (1977) showed onTy m1nor

R ',3ﬁtd1fferences in overal] re]at1ve fatty ac1d compos1t10n among four

'ascu1t1vars of potatoes baked by m1crowave and 'C nventiona] methods
However, regard]ess of cu]twar, the re]atwe x

rcent of tota]

xibgunsaturated fatty ac1ds was cons1stent1y Tower in the m1crowavev‘” |
1dproducts as compared to convent1ona1]y baked potatoes ' In add1t1on,,

'f_fithe reTat1ve percentage of trans- fatty aCTdS»QaS 2.5- t° 4- t1mes

- {;Avhlgher 1n the m1crowave process compared to the same. cu1t1vars baked

AR ' Vo . S e
VTltconvent1onaTTy S B R A St “; _
Fricker (1969) 1nvestigated~the,fatty acid'composition~of the



,'e1ght\1nd1v1dua1 cu1t1vars were not apprec1ab1e

o have not been exp]ored However changes in coconut 11p1ds dur1ng

‘u.f”1ncorp0rat1ng it.

RSN

ff_“ that 90% of the fatty ac1ds cons1sted of 11no1e1c, 1ano1en1c,r

'dipa1m1t1c, and stear1c ac1ds ' D1fferences 1n fatty ac1d comp051t1on of
Changes 1n potato 11p1ds dur1ng the granu]e dehydrat1on process

'des1ccat1on were stud1ed by Kr1shnamurthy (1975) who found that the

' fatty ac1d composat1on of tota] 11p1ds and the neutral 11p1d fract1ons.’-‘

was, s1m11ar to- that of" coconut o11,gand,was not altered by des1ccat1on

:'However the- phospho11p1d fract1on wh1ch was r1ch 1n unsaturated fatty
,ac1ds decreased cons1derab1y by des1¢cat1on ~This~ 1nd1cat1on of
’dox1dat1on even under m11d cond1t1ons of des1ccat1on wou]d exp1a1n the

,ranc1d1ty prob]em encountered w1th des1ccanaicoconut and foods t

oy

Schwartz et al. (1968) 1nvest1gated the fatty ac1d content of

‘ ldehydrated potato d1ces and f]akes Nhen dehydrated d1ces were ’
v‘prepared commerc1a11y by cook1ng d1ced potatoes fo]]owed by dry1ng Tn
' a forced draft tray dryer the po]yunsaturated fatty ac1d content |
'matched that of the or1g1na1 tubers However f]akes made by a
';g'standard f1ake process conta1ned somewhat 1ess of these ac1ds ;In"'
.A both products the degree of unsaturatwon of the fatty ac1ds changed :
- tg 11tt1e, and no off f1avors developed when the samples were reconst1-.”'

| tuted

N

M1crostructure of Raw and Granu]ated Potatoes f‘

As out11ned 1n prev1OUS chapters, the maJor 11p1ds 1n potato [. '

Ve

T
L@
.l

~»‘*tota1 11prds of freeze dr1ed potato by gas chromatography and showed ;'Aij:ifi
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'“ttuber tﬂssues are the po]ar, phospho- and g1yco11p1ds, a11 of wh1ch
are assoc1ated w1th 11poprote1n membranes of the ce11 or ce]]
drgane1les E1ectron m1croscop1c exam1nat1on of potato tuber (M J C
Rhodes, unpub11shed observat1on5)has shown the presence of ’v’d;, ,ji

| membranes around amylop1asts (starch gra1ns) wh1ch are presumab1y of
p1ast1d or1g1n Slnce ga1acto11pids have been shown to be concen- >
trated 1n ch1orop1ast membranes in leaves (A11en.et.a1 1966),}1t seems
reasonab1e to suggest that these 11p1ds 1n potato tubers may be
components of membranes of p1ast1d nature The structural aspects 1n §

" raw and processed potatoes are of paramount 1mportance because suchl

‘,stud1es prOV1de‘bas1c 1nformat1on regard1ng the nature of pr1nc1pa1
ce11u1ar components In th1s sect1on some 1nformat10n on these

? ce]]u]ar components w111 be rev1ewed | S1nte the obJect1ve of most

| workers 1n th1s area was primar11y d1fferent’from the present author,v
a correlat1on of m1crostructures is pure1y based on the assumpt1on |
that 1f a. b1o]og1ca1 membrane was present around ce11u1ar components,

xv_ 1t probab]y ex1sted as a 11poprote1n po1ymer | o

‘ A Starch 1s present 1n the raw tuber as m1croscop1c grawns 1n

‘i the ce11 11n1ng the 1nter1or of the ce11 wa11s’of the parenchyha

| t1ssue The gra1ns are e111pso1da1, w1th an‘agprage s1ze of ab%ut

: 60 by 100 m1crons Ha11 and Sayre (1970) used" e1ectron m1croscopy to_"_vi
exam1ne potato starch gra1ns and suggested that each starch gra1n was'_h{

.ié surrounded by a membrane -"‘ . ;
el In study1ng the amy]op]ast membranes dur1ng maturat10n and

storage of potato tubers, Ohad et a1 (1971) used transm1ss1on e1ectron e‘

. m1croscopy to fo11ow the changes 1n the morpho1ogy of ce]ls from "5'
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'7deve1op1ng or mature tubers after storage at 4 or 25°C They observed

‘rows ‘of para]]e] f1bres in the heavy ce11 wa11, and a. th1n layer of

'57cytop1asm under]ylng the ce11 wa]] which was 1ntense1y sta1ned after

- TR
osm1um tetrox1de treatment due to format1on of osm1c aC1d der1vat1ves

:1 w1th ‘the ce11 wa1] 1hp1ds The vacuo]ar membrane occup1ed most of

'~'the ce11 vo]ume R1bosome 11ke part1c1es and prop]ast1ds surrounded

- by:a doub]e membrane were observed w1th1n the cytop]asm ,Ther:' :

'tamy]op1ast extruded 1nto the vacuo]ar space, but was connected to

t‘cytop1asm by a "stalkf The cytop]asm conta1ned severa] 1ntact

m1tochondr1a, mlcrosomes, and numerous r1bosomes ' After add1t1ona1'

‘tuber growth the stalk was broken and the vacuolar membrane was torn

S

4»The granu]e, st111 coated by the 1ntact p]ast1d membrane, and at 1eastv o

"5 part1a1]y by tonop?ast fragments,b"fell" 1nto the vacuo1e.‘ However,

. the remnant of the cytop1asm1c body of the ce11 a]ong the cell wa11

1'd1d not spread or d1sperse 1nto the vacuo]e Dur1ng a]] staqes of

' _tuber deve]opment the starch gra1ns were surrounded by a membrane

L v

,ryder1ved from the p1ast1d enve]ope._ Storage in the co]d (about 4°C)’

. sugar dur1ng the storage of potato tubers probab]y 1nVO1ved damage to e e

1t rema1ned 1ntact dur1ng storage at 25°C - It was suggested that the

-.”fcold 1nduced reductlon 1n the starch content and an, accumu]at1on of

i'the membranes surroundang the starch grL1ns The d1s1ntegrat1on of

A

the- membrane was thought to have some role 1n the preservat1on and ;f

ma1ntenance of the starch gra1n, poss1b1y by restr1ct1ng contact -

‘between the enzymes 1nvo]ved in: starch degradat1on and the1r respec-

. t1ve substrates However,«at.h1gh temperature-storage»(IO?C or T}.,

. -: ,‘ .3.4..'. .

",'resu]ted 1n d1s1ntegrat1on and d1sappearance of th1s membrane however,j..



:htgher), this phenomenon wasdnot‘observed‘. Moreover, cord storage
did not.affect other 11poprote1n membranes of the cel] or ce11
organe11es, and starch membrane d1sso]ut1on d1d not: change'the
~quant1ty or compos1t1on of total tuber 11p1ds -Recent1y, Isherwzodz
(1976) demonstrat@d that the starch membrane started to d1s1ntegrate
_in potatoes, cu1t1var Home Puard when stored at 20°C

Douce-et'a1‘ (1972) used electron micrographs of pur1f1ed

::j‘w1th the 1nner -and outer membranes c1ear1y d1st1ngu1shab1e This was

"'1n agreement w1th Bonner (1965), who showed by electron m1crograph
- that the m1t0chondr1a were bound by two membranes T

M1croscop1c exam1nat1on of cooked potato t1ssues~(ﬂora1ku1

o csr

| t' 1_ 1974) showed that the Targew swol1en starch ora1ns comp]eteTy

.'»f111ed the ce]]s, and that a]most a11 of the ce11 waT1s rema1ned
‘ _ .

' 1ntact after cook1ng \ Th1s 1mp11ed that the cytop]asm1c content of
the ce11s was be1ng pushed toward the ce]] wa11 '

e

processed potatoes byAscann1ng e1ectron m1croscopy The techn1que“_

Fedec et a] (1977) stud1ed the u1trastructures of raw and

'_1prov1ded very usefu] 1nformat1on for magor ce11u]ar const1tuents

”'but cou]d not revea] the nature or d1str1but1on of ce11u]ar 11p1ds,

|,

; However, the ex1stence of membranous structures around these

'ce11u1ar components wou]d suggest that the 11p1ds were present as a

: tructura] component 1n these membranes - Zt - e }; ") S

. potato m1tochondr1a ‘to show a homogeneous popu]at1on of mi chondr1a _ o
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D L?p'ld Degrad1ng Enzymes 1" POtato Tubers l4 ) ,". ’
:’T,i Occurrence and LOCaT1zat1on :

Potato tubers have h1gh act1v1t1es of 11p1d degrad1ng enzymes

. Ga111ard and co-workers (GaTT1ard 1970 falliard and Matthew 1973 e'uJ o

aaTT1ard and Raywar -Sm1th 1977) were among the f1rst to demonstrate
| ;the presence of ph spho- -and gaTactoT1pases, and- 11poxygenase (LOX)
tuber, and the ra 1d1ty w1th wh1ch T1p1ds were hydroTysed and per-
'ox1d1zed 1n tuberlhomogenates, even at 0°F NGDG was part1cu1ar1y '
o suscept1b1e to_hydroTys1s The T1p1d degrad1ng enzymes, wh1ch had : 'v“':
nfacidic pH optima were present mainTy in the part1c1e free supernatant 4

‘ﬁj_fract1on Fré% 11p1ds were hydroTysed more read11y than those of
yﬂv'11poprote1n membr nes | _ . , e
o WardaTe amd Ga111ard (19754 reported the subceTTuTar Toca11za-
att1on of T1poTyt1c acyT hydro]ase (LAH) and LOX LOX was TocaT1zed in ,_f5
;_discrete but frag11e organs wh1ch were separate from m1tochondr1a,v
fthcrobod1es and pTastlds M1crobody, m1tochohdr1a], and m1crosoma1 |
;fractions had T1tt1e or: no LOX act1v1ty The authors concTuded that

AN

‘because of the h1gh act1v1ty of LAH and LOX 1n potato tubers, attempts

~ to prepare subceTTuTar fract1ons woqu be made d1ff1cuTt by the B

j‘degradat1ve act1on of these enzymes on the membrane structures

»

The d1str1but1on of LAH and LOX 1n potato tubers Was reported
'by GaTT1ard and Rayward Sm1th, (1977) LAH £3 were 2= to 3 fon h1gher :
1n act1v1ty at the bud end than at the stem end of tubers, whereas :

'

o LOX was more concentrated in the cort1ca1 ‘tissues ‘outside ‘the vascuTar
- r1ng . _“7 .*nt‘ C,,'_ SR A‘,, :.”‘.' ‘t‘_> dd_",’ .
RecentTy,‘1n pur1f1ed potato m1tochondr1a, B 1gny and ﬂouce

" (1978) 1dent1f1ed a membrane bound LAH wh1ch was unmasked by CaCTz -
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Tu(S;x 10 _) and was respons1b1e for rap1d enZymat1c hydro]ys1s of
Qme membrane phosphol1p1ds, w1th the T1beratxon of free fatty ac1ds

They aTso 1nd1cated that the absence of detectabTe TySOphosph011p1ds

'at ~all Caz concentrat1ons and aTT ‘pH- vaTues ruTed out the poss1b111ty :

L

that the phosph011p1d breakdown observed 1n 1ntact m1tochondr1a coqu

t

. be attr1buted to a phosphoTlpase Ag and -a Tysophosph011pase operat1ng'

in SUCCESS’IOH‘

v

2;- IsoTat1on, Pur1f1cat1on, and Enzyme Act1v1t1es

A part1aTTy pur1f1ed LOX. from ﬁbtato tubers was prepared by
vy‘GaTT1ard and Ph1TT1ps, (1971) | They found that 1t converted 11noTe1cyf"
vdac1d a1most echus1veTy (95%) 1nto 9-D- hydroperoxyoctadeca trans TO -',h
‘ c1s 12 d1eno1c ac1d The enzyme had a pH opt1mum at 5. 5 6 0, and was
"1nact1ve at pH 9.0, : ." -[,. 'ﬂ‘ "f-i .'f A N
The TeveTs at harvest of two'11p1d degrad1ng enzymes, nameTy,..
~ LAH and: LOX, in- tubers from 23 cu1t1vars of potato were measured by |

Ga111ard and Matthew (1973) ] N1th the except1on of the var1ety

Des1ree, aTT cu1t1vars had very h1gh TeveTs of hydroTyt1c enzyme,\;,"”

"i-rangIng from 5 to 50 umole of substrate/mlnI‘ rresh we1ght of tuber

'In add1t1on, aTT cuTt1vars had h1gh T'MeTS of LOX act1v1ty in the'

B range of T to 25 umole of Oz_consUmed/m1m/g fresh welght of. tuber

) e AR
S B e d
£ .y g . . -
% . . .o e
«1; 5‘ .

P1nsky et aT %4973 separated twe ,LOX 150enzymes from potato

. =%
. tubers by chromatography on EctoTa ceTTuTose They further pur1f1ed

e -one fract1on by chromatography on Sephadex 'G~200 coTumn w1th phosphate.
'buffer pH 6 5, as eTuent Both enzymes had an opt1mum pH of 5 5

(The effects of growth and storage on enzyme act1v1t1es were g L
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' fenZymes d1sFIayed reIat1ver co

"',11p1ds

reported by Berke]ey and Ga111ard (I97db) who'studted‘stx European

-

potato cuIt1vars and 1nvest1gated the act1v1ty of LAH and LOX dur1ng ’

‘tuber growth 1n the f1e1d and subsequent storage at 5°C Both

1stent IeveIs of activ1ty throughout

the I1fe cycle’ of the tuber

‘t1me, and’ there was ‘a sI1ght dec11ne in LO% act1v1ty dur1ng storage

; f In a recent study, Shepard and Pitt (1Q75) separated and

ClE e

. * z '
" part1a11y pur1f1ed two I1pont1c enZymes from potato tubers by cqumn

-

| chromatography, and eIectrofocuss1ng oF the sem1 pufnf1ed extract

'One enzyme, of h1gher 1soe1ectr1c va]ue, possessed LAH act1v1ty ahd

> /

.'some act1v1ty towards PC The other enzyme possessed phospholipase =

~and gaIactoI1pase act1v1ty, but showed a Iow LAH act1v1ty ,‘hs f*-

Hasson and Lat1es (1976a & b) cIa1med that the Amer1can potato '

,jcu1t1var Russet Burbank once sI1ced m1ght Iose as much as 20% of 1ts
’gaIacto- and phosph011p1ds 1n.a matter.of seconds wh1Ie up to 40%
‘m1ght be Iost 1n'3ust a minute. They'fsoIated{and characterazed,threeh_ﬁ

.’-d1st1mct potato LAH s (Hasson and'Laties'-]976a)L bfnzyme’I.was'shoanq;

to be a neutraI I1pase wh1ch favored egceryI tr101e1n over d1- and’i

monolem, and showed no nﬂby w1th phospho- and ga]acto'l1p1ds

- Enzyme II wh11e attack1ng egceryI mono- and d1oIe1n was bas1caIIy a .
‘ -phosph011p1d and gaIactoI1p1d acyI hydroIase Enzyme III was an [;7'
,"estenase, s1nce 1t hydronsed egceryI monoIe1n echus1ve1y ambng the

“'fineutral I1p1ds, and showed m1n1ma1 act1v1ty on phospho--and gaIacto-..d'

Lo

A

Hasson and Lat1es (1976b) purif1ed and character1zed a potato"

phosphoI1p1d acyI hydroIase wh1ch in the pH r nge 7.5 to 8 5 was at
i

'hfleast 10 000 tlmes more effect1ve w1th phosphoI1p1ds than W th gaIacto-

'AH showed an overaII sI1ght 1ncrease wwth f '
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e
.

e was reported (Sek1ya et aT

N

B Tipids It was a so]ub]e enzyme, read11y d1st1ngu1shed from a neutraT L

T1p1d 11pase and a th1rd LAH wh1ch wh11e act1ng on phosph011p1ds

showed a dec1ded preference for gTyceryT mon01e1n The phospho]1pase vi

2+

had a- pH opt1mum of 8 5 It was st1mu1ated by Ca at pH above 7. 5

and 1nh1b1ted by Ca2 at Tower pH was not dependent on detergents,v

_a]though st1mu1ated by Tr1ton & 100 to a moderate extentf and it

y

rema1ned very act1ve at temperatures near: 0° ( : -

| ' In a subsequent study, BerkeTey and Fa111ard (1976) reported
the substrate spec1f1c1ty of potato 10X us1ng a part1a11y pur1f1ed
enzyme preparat1on from tubers of a- potato cu1t1var w1th 10w LAH

act1v1ty LOX was_iuTTy act1ve onTy on free T1noTe1c ac1d or: 11noTen1c

7_“ ac1d, and onTy acted d1rect1y on more compTex gTycer1de mo1et1es 1n

the absence of any’ s1gn1f1cant endogenous LAH act1v1ty

Recghtly, separat1on and character1zat1on of potato LOX

They pur1f1ed the enzyme bv

M

DEAE Sephademocolumn chromatography and preoarat1ve poTyacryTam1de geT S

'eTectrophores1s The 1ncrease in astrbance at 234 nm showed that

N /

the pur1f1ed enzyme caused the format1on of hydroperox1de w1th a conJu-,7?"5
gated d1ene syStem The enzyme had a opt1ma1 pH range of 6 O 6 3

Nevertheless, the phospho]1p1ds of 1ntact potato m1tochondr1a .

‘ were hxghTy suscept1b1e to degradat1on by potato phosphollpase 'vIt. L

R

- was suggested that th1s enzyme was 1nv01led 1n ‘the extens1de 11p1d : L

1n other ceTT fract1ons as weTT ATthough both act1v1t1es were

breakdown wh1ch occurred in: fresh potato 511ces foT]o ’vv cutt1ng, and

i the deter1orat1on of. m1tochondr1a dur1ng the1r preparat1on and

'72 ag1ng S1nce both LAH and LOX were found 1n qhe part1c1e free fract1on 1,'; .

oflpotato t1ssue homogenates after f11tration, they could attack 11$1d5{"
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i(all at=10 3M) and Efchloromercur1benzoate at 2 x 10

._potato tuber was 1nh1b1ted by saturated a1coho1s and SH reducwng .

' "affected by Ca % G0~ M) and- not 1nh1b1ted by EDTA (10

e

' depend upon f1nd1ng su1tab1e 1nh1b1tors

l3.. Contro1 of L1p1d Degrad1ng EnAyme Act1v1t1es

\

, LOX from potato tubers was found to be 1nact1ve at pH 9 O

s

"7,{(Ga111ard 1971 ﬁpr11er, Ga111ard (1970) reported that LOX had equa] .

o -

: rates of ox1dat1on with 11no1e1c and 11nolen1c ac1ds, but no act1v1ty

2+

towards eleic ac1d A]so, they found that Ca 1,~CN', F- and'FDTA

4M) had no effect_ -

-3

con. LOX act1v1¢y They used sod1um metab1su1f1te (2 X 10 M)

ha1nh1b1t 11poxygenase med1ated phen011c po1ymer]zat1on reatt1ons

Ne1ther fract1on of thetwo LOX 1soenzymes separated from potatot

"‘ tubers was 1nh1b1ted by CN ' p;ch]oromercur1benzoate(pCMB), or EDTA
‘ T;at‘JO 3M (P1nsky, 1973) However,\they were 1nh1b1ted by cyste1ne,

'wand comp1ete1y 1nh1b1ted by 7 M urea

Recent]y, Sek1ya et a1 (1977) found that LOX 1so1ated from s

dreagents (cyste1ne and reduced g]utath1one)

Phospho]1p1d acy] hydro]ase wh1ch Was actwve on PC was not
3 ,
) .

Nuperca1¥e 15 a nove] and potent LAH suppressor Scarpa and

Eindsay (1972) showed that 1t effect1ve1y suppressed phospho11pase Az |

d,act1v1ty in rat-, and Moreau et a] (1974) din cau11f1ower bud m1to-_.f '

chondr1a : Scarpa and L1ndsay proved that nuperca1ne abone cou1d

'}effectwve1y rep]ace either EDTA or BSA wh1ch were rout1ne1y used to - N

1mprove the stab111ty of 1so1ated m1tochondr1a They also recommended .

L

: uvthe use of nuperca1ne 1n preserv1ng the structure and funct:ons of

-

other b1olog1ca1 membranes conta1n1ng phospho11pase Az dur1ng the1r ’a!;f

v

::reduced at h1gh pH, e]1m1nation of the1r potent1a] act1v1ty onTd____—t’ﬁﬁ*f

g
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fpreparat1on 2§P storage

“1e11m1nate the phospho11pase D

:rstddy to determ1ne the opt1mum pH for m1n1ma1 lﬂX act1v1ty ‘The-::.' o~

;..extract1on med1um was a1so 1nvest1gated

-
Moreau et a] (1974) found tth phospho]1pase D ‘was assoc1ated

wi th a 11ght membrane fract1on wh1ch re]eased PA. However pur1f1ca-

't1on of cau11f1ower bud m1tochondr1a by sucrose dens1ty grad1ent cou]d

- - ‘,. ;1' '._, ) "_‘,'

In 11p1d ana1ys1s, advantage was taken of the d1fferent1a1'

frates of breakdown of free and membrane bound 11p1ds (Ga111ard 1970) k

.

' Neverthe]ess, pH control by buffer1ng the 1so1at1on med1um wou1d sup-."

O

press enzyme act1v1t1es to a 1arge extent Thus ‘the contro1 of

1_111p1d degrad1ng enzyme‘act1v1t1es cou1d be ach1eved by carefu11y

Gy

h'contro]11ng the pH dur1ng 1so1at1on of subce11u1ar fract1ons and

’”’fadd1ng potent1a1 enzyme 1nh1b1tors to the 1solat1on med1um

The effect of pH on LOX act1v1ty was - 1nvest1gated in th1s

*'feffects on LOX act1v1ty of some common 1nh1b1tors added to the o

The effect of nUpercaTne on coupled LAH LOX act1v1ty was a1so"

stud1ed, and 1ts potent1a1 as a nove1 LAH suppressor ‘was used to

¥

‘advantage to suppress the 11p1d degrad1ng enzyme act1v1t1es

.\'~
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~¢E, L1o1ds as. Precursors of Ranc1d1ty

R

L1p1d ox1dat1on and degradat1on are the ma jor sources’ of off-- J

flavors and ranc1d1ty 1n foods In add1t1on,vox1dat1on of var1ous

.unsaturated fats not on1y 1eads to loss of the essent1a1 fatty acxds

\

'tbut may a1so cause destruct1on of some v1tam1ns and p1gments, and a

‘reduct1on in the b1o1og1ca1 va]ues of prote1ns (Labuza 1971) S1nce .
potato fat is re1ative1y suscept1b]e to ox1dat1ve deteriorat1on, 1t

fcou]d be a potent1a1 prob]em in processed potato products such[as dehy- . ,'

‘h:drated granu]es, flakes, and s1m11ar comb1nat1ons In 1949 Burton

_”suggested that off f]avor 1n mashed potato powder was due to ox1datfon o

\

o fof the endogenous ”fat“ Subsequent1y, 11p1d degradat1on has been

demonstrated through autox1dat1on 1n dehydrated potatoes ' H1gh1ands et S

1 (1954) presented ev1dence 1nd1cat1ng that certa1n off flavors in

'dehydrated potato products were the resu]t of unsaturated fatty acid.

fox1dat1on

The contr1but1on of potato 11p1ds to the gradua1 deve]opment of

' --r* an ox1dat1ve off- f]avor in stored potato gnanules was. stud1ed by Butterv

t al (1961) | Russet Burbank potato granu1es were prepared by an add-- -

Sttt \

-back process Su1f1te_(300 ppm as 502) was the on]y add1t1ve Storage :
’*t1n a1r at- room temperature caused an 1ntens1ve autox1dat1on of 11no]e1c

‘and 11no1en1c ac1ds, resu1t1ng in a gradua] 1oss of the po1yunsaturated :”fh

2

: and ]1nolen1c ac1ds to the sum of pa]m1t1c and stear1c ac1ds present in-

| deve]opment the1r content be1ng expressed 1n a form of an unsaturat10n -

'fatty ac1ds ' Granu]es stored in oxygen 1ost re]at1vely h1gher amounts
V.

vof 11no1e1c and 11no1en1c ac1ds than those stored in air,

S1nce po]yunsaturated fatty ac1ds are respons1b1e for off—f]avor

rat1o was 1ntroduced to ref]ect a conven1ent 1ndex for the probab1]1ty of

autox1dat10n (the unsaturatypn rat1o equa]s a\rat1o of the sum of ]1n01e1c

Vv

S
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' the'totaT Tipids) FreshTy dehydrated granuTes had an unsaturat1on
rat1o cTose to 3.0: | Th1s decreased to 1 2 after 4 5 months ‘storage
- hn a1r, and to 0 7 after 3 months storage in oxygen The ox1dat1on‘
rates of T1noTe1c and T1noTen1c ac1ds were 51m11ar It was'

v v

. estabTashed that two moTes ,of oxygen wére taken up for ea;h moTe of \b
':,-11ﬁaf;1¢ and T1noTen1c ac1ds ox1d1zed | o ". B | '
. Off f]avor scores for the stored granuTes, as obta1ned by a.
';sensory paneT 1ncreased w1th the decrease in ungaturat1on rat1o
TT-A pTot oT oﬁigen absorbed from the headspace versus storage t1me gave-.
- ia curve typ1ca1 of T1p1d d;?dats\ There was an 1nduct1on per1od ,;'.‘
'vgfoTTowed by rap1d ox1dat1on, and a ta1T1ng off per1od R
B Buttery et aT (1961) aTso anaTyzed the headspace vapor of
the can or the vapor above hot reconstltuted granuTes They detected _
',gyggitaTdehydes (up to. C, ) and‘hydrocarbpns (up to C ) HexanaT was the ‘*:"$;T“' .
| 'predom1nant voTat1Te compound Its concentrat1on was about four t1mes ;
'that of any other maJor component from granuTe auto&1dat1on,‘and ten ‘:.*L ]f:
L ‘t1mes that of the maJor1ty of other compounds ‘ "‘ |
The vo]at11es from autox1d1zed granu]es correspdnded to.
theoreticaTTy expected degradat1on products of 11no]e1c and T1no]en1c
'1';ac1ds Evans et aT (1969) postu]ated thermaT breakdown of hydro-»v""

~

_fperox1des, y1e1d1ng spec1f1c hydrocarbons The ox1dat1on of - pure

) T1n01e1c and T1noTen1c ac1ds produced mostly pentane and ethane wh1ch

ijere more than 90% of the hydrocarbons reTeased (Arnaud and Wuhrmann,1
’:1974) : Measurement of the concentrat1on of hydrocarbons (pentane ln
Tpart1cu1ar) was suggested for determ1nat1on of the extent of ox1dat1ve‘

L3 - : . . p
;:deter1orat1on of dehydrated mashed potatoes Lo f.rl,’ T



' 7".sub3ect1ve1y 'f o "fﬂ;-f ‘ f~~;ﬁ..v =

?'_'bags dur1ng summernmy br1ng about extens1ve ranc1d1f1cat1on Some

' Potato granules stored 1n a1r do not show a h1gh 1eve1 of -

_headspace vo]at11es, but show a 1arge concentrat1on upon steam '

N

d1st111at1on,'or in the headspace of hot reconst1tutej granu]es 'This-’_i
-suggests that the bu]k of off f]avor const1tuents der1ved from ox1d1zed .
u;':11p1ds are. produced through the breakdown of prgcursors after hot .r

f‘reconst1tut1on

| The re]at1on of hexana] in headspace to sub3ect1ve flavor

: est1mates was; reported by Boggs et a] (1964) Commerc1a1]y produced

. 15granu1es (7% mo1sture 2 5 ppm BHT, and 250 ppm su1f1te as. SO ) were-\i.::

.o

' "sea]ed 1n cans under a1r and stored at 22 C A contro] samp1e was

-;;packed under n1trogen and stored at 34 C A1r packed granu1es, when
rpreconst1tuted, showed a hexana] 1ncrease proport1ona1 to storage t1me
.uThe 1ncrease was s1ow dur1ng the f1rst 2 months, suggest1ng anv:u | ‘
,1_1nduct1on perwod Th1s was fo11owed by a rap1d chahge after 80 days,_;

'b'after wh1ch a regu]ar he%anal 1ncrease occurred @p to 4 months of\ B
:?storage ‘The1r stLdy showed that hexana] concentrat1on was c]ose1y

[

assoc1ated w1th f]avor deter1orat1on of dehydrated granu]es as 3udged -

e
i ‘

Overseas shlpmenv of granu]es in po]yethy]ene fo11 11ned paper :!

'vifofsh1pments of add back granu1es (7A mo1sture, 550 ppm su1f1te as. SO ;“”
’7r'fand close. to O ppm BHT) became ranc1d (Dornay Foods, 1976) Hexanal.
f leve]s, determ1ned by the brocedure descr1bed by<Buttery and Teran1sh11th
‘-(1963) and Boggs et al . (L964) were four to f1ve t1mes h79her than
"bemmerc1a11y perm1tted The 1eve]s of SO decreased at the same t1me;;‘--

\and tended to ref]ect the extent of ranc1d1ty Ihe samp]esvthh Vaf‘2~

w e



":_dehydrated m_shed wh1te potatoes was the1r sug

'~,dbe1ng ox1d1zed at a faster rate than lnternAlly 1ocated ‘bound 1p1ds - .
| 0 s]ow to be. dete tab]e . ”fh

. «'\m1ght r tard autox1dat1on

.l \ . N .v- . .
S o I S ' g
'minimaq hexanal 1eve1s reta1ned about 4 ppmcof ant1ox1dant the

"fs11ght1 ranc1d ones on]y traces, wh1]e the h1gh1y ranC1d granu1es
-;comp]ete y. ]ost a]1 ant1ox1dant protect1on '

U ]ter and Purcel] (1974) found that dehydrated sweet potato -
. A . _
“-f]akes und rwent rap1d ox1dat1ve deter1orat1on un]ess stored 1n an o
‘ !

) atmosphere ow 1n oxygen Of relevance to ranc1'1ty prob]ems of |

st1on that autox1da-'"'

t1on of f]ake occurred 1n a b1moda1 fash1on cw1th surface 11p1ds uf

The 1oss of bou d- fatty ac1ds was a]most

‘_Surface fatty ac ds. showed an 1nduct1on per1od of 18 days ”The' f

N
.ox1dat1on of unsa_urated sur e fatty ac1ds was found to be 1ndepen-_

_dent of perox1de vvlues Tze fact that 76% of unsaturated 11p1ds

occurred 1n bound 1»p1ds CER ter et a1 1972), and that the bound

th n: 11p1d compos1t1on

A p]aus1b1e exp anat1on of b1moda1 autox1dat1on in f]akes was'
that process1ng brought .bout a'trapp1ng of up to 90% of the 11p1ds‘ '
;te1nto ge11ed'carbohydrates.and protefn matr1ces Th1s 11p1d protect1on

However 11p1ds on the f]ake surface were

- free]y ex'osed to a1r and :onsequent1y,‘were read11y ox1d1zed

s

,.Therefore -the ranc1d1ty res'ons1b1e for short shelf 11fe of dehydrated f'y

[;mashed pota oes m1ght be attr1'uted most]y to surface 11p1ds

Pota 0. f]akes have a sh ]f 11fe of on]y 6 months 1n air at

:stab111zed by 1ncorporat1on of su1f1te and ant1ox1dants

A L : . . R '.\' s o -



(SaperS'et aT" 1972)'1'Vo1at11evcomponents associated’with”storage-

. changes 'can arise from reduc1ng sugar.F am1no ac1d 1nteract1on, and

| from 11p1d ox1datwoq§ Storage fg‘géamonths resu]ted in on]y sma]]

‘\\ ok o0 -
1ncreases in 1ow bo111ng a]dehydes, and 1n furfura1 ‘ Pheny]aceta]de- ‘-V

hyde _the maJor component ofpotato f]ake-voTatx]e cpncentrate, :;-

1ncreased s1ow1y dur1ng the f1rst 3.mqn te rage, as d1d ben;;

v'_...—u"""

‘”*:'aldéhyde D1fferences between the ]eve1‘bt§?urﬁ§§§ﬁ and the Strecker;f€=1+? .

}:5§u dégradat1on a1dehydes 1n a1r- and n1trogen packed fﬁakes w&re sma]]
A = and var1ab]e These f1nd1ngs suggested that dehydratbd potatoes, even '
| f]akes packed 1n n1trogen, m1ght undergo further nonenzym1c brown1ng |
react1dns dur1ng stonage y1e1d1ng vo1at11es detr1menta1 to f]avorlgu; o
: Howevern the she]f 11fe of f]akes was not norma11y 11m1ted by flavdr o ffthf?
defects due to sugar - am1no ac1d 1nteract1on The maJor ob3ect1onab1ev' 1 |
f]avor defect was der1ved from 11p1d ox1dat1on wh1ch cou1d be "\t “.ffh in
\ﬂ( contro]]ed to a certa1n extent by BHA or BHT, and: by n1t:ogen pack::fgt‘ |
A »i g F]akes stored 1n a1r at 23° C for up to 6. months showed a e
o ‘ substant1a1 1ncrease 1n compounds c]ear]y 1nd1cat1ve of . 11p1d ox1dat1on.f’
vJ':v o (Sapers_et_ al., 1972) 'f.»i R ::;‘“y o :;_,:; ,xff; ':\_
o S fh’;forego1ng 11terature survey.c1ear1y showed that ]1p1ds are »T
pr1mar11y resp s1b1e fbr off fHavors 1n stored dehydrated potato
products Recent]y in our 1aboratory, Khan and Hadz1yev (1978) stud1ed
i acce]erated autox1dat1on of- potato 11p1ds in dehydrated mode] systems -
v and potatd’granu]es 0x1dat1on rates were h1ghest wqth dlyco11p1ds, o
| o]]owed by phospho]%p1ds Veutra] 1p1ds wh1ch were mostly saturated ';'ﬂu'

‘g were ox1d1zed very s1o\1 L1p1d ox1dat1on 1n dehydrated system was o

' a]so 1nf1uenced by the nature of the matr1x on which they were spread



1.

bethg highestVWith starch"followed by péct{c-énd'ce11u1osic .

vsubstances Prote1n ‘as a matr1x had a protect1ve effect on 11p1d

‘ ‘-ox1dat1on It was suggested (Khan and Hadz1yev, 1978) that in processed -

' :1 potato products the most uhsaturated 11p1ds (ga]acto]1p1ds) wou1d be ;

most susceptﬁ]e to ox1dat1ve degradatwn, and that th1s wou]d be.

. .‘._4‘7

ﬂ1nf1uenced by 11p1d or1entat1on w1th1n or on the surface of the proteln—- .

“'c'carbohydrate matr1ces of the f1na1 products R o

¥



111, EXPERIMENTAL

c&

Chem1ca1s

Nupercaine hydroch]or1de was obta1ned from C1ba (Basé1,vsw1tz;).

'3 : . S
Fatty ac1d poor BSA was obta1ned from ra1b1ochem (LOS»Ange1es, Ca.).

Sucrose, ga]actose EDTA Tr1s, sod1um d1th1on1te and Fe11te were .
f obta1ned from F1sherJSc1ent1f1c Co. (Fa1r Lawn N. J )\ Cyste1ne-—_- o
&%1 was from Matheson, Co]eman and Be]] (East Ruthe ford N. J)),,and

(Pochester, N ).

. sodlum mercaptobenzoth1azo]e from Eastman Kodak fo.

'J: Chromosorb P 100/120 mesh, and EGS were. from Fhromatograph1c Spec1a1—

1,

tieS'(Brockv11¢e Ont ), MN K1eselge1 N from Macherey Nage] & Co

(Duren, Germany) Gas Fhrom Q (80/100 mesh), tr1f1unopropy1 methy1--~’-'

s111cone‘(QF5]); and FAME standards were obta1ned from App11ed Sc1ence
'«Laboratories; Inc. (State‘Co11ege, Penn.).. Phospho11p1d standards were
purchased from P Ll B1ochem1ca15,vI '(Mi)waukee, Wis )‘- S111c1c acid,

oy

- chromatography grade, TQQ mesh was from Ma1]1nckrodt (”ontreal ﬂuebec)

- 'and methy]-s111cone (cv 101) from Ana]abs (North ﬂ”ven Conn ). Boron-- )

tr1f1uor1de methano] (14% w/v) BHT chh1oromercur1benzo te mono-

' d1- and tr“glycer1des, fatty ac1ds standardstwere from S1g a Chem fo.-

- (st. Lou1S< Mo. ); Standard stero]s were ‘from Supe1co (Be11 fonte,v D

o For e]ectron m1croscopy work propy]ene 0x1de was obta1ned from
e Po]ysc1ences Inc (Warr)ngton Pa}) Glutara1dehyde and osm1um tetro-.

Yicr were from Steven S Me*a11urg1ca1 rorp ‘(New York N Y. ). Ara1d1te

resin 502 dodeceny1 succ1n1c anhydr1de, DMP 30 (D1methy1 am1no methy] .;‘

pheno]), urany1 acetate and iead c1trate' were obtained from Ladd

Research Industr1es, 1n¢f (B. r11ngton, Vermont)

\ .

'\
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CEquipment o T e SO

wa K1tchen A1d M1xer from Hobart Mfg Co Ltd. (Troy, Oh1o) and a

| Manesty Petr1e FIu1d Bed dryer ModeI MP IOE Manesty Mach1nes Ltdr;

-;- Mode] 230 pH meter from F1sher Sc1ent1f1c Co (Fa1r Lawn N J. )

W .

‘Centrifuges used'Were danetiki T5 (Le1pz1g, Germany) Beckman o

J- 218 preparat1ve centr1fuge and Beckman L2- 658 preparat1ve u]tra—

f:‘centr1fuge with rotors bw 27 and a f1xed angIe type 30 Beckman

‘_Instr Inc Sp1nco Div. (Pan AIto, Ca.). The gas chromatograph was a
,_ia Bend1x Mode] 2500 Bend1x Instruments D1v (Ronceverte N Va ) vForA"dv.
i:é visible and UV spectra a Pye Un1cam SP 1800 UV spectrophotometer (Pye
;iuUn1cam Ltd Cambr1dge, Eng]and) and a Spectron1c 20, Bausch & Lomb

‘,Inc; (Rochester,vN Y.) were used For transm1ss1on eIectron m1cros-

’copy wor@?«a Ph1111ps EM 200 transm1ss1on eIectron m1croscope from '

T .
Ph1II1ps EIectronlcs Ltd (Scarborough Ontar1o) was appI1ed For L

”_sect1on1ng, a Sorva]] type MT2- Bl"Porter BIum” uItram1crotome (Ivan

"~ Sorvall Inc .» Norwalk, Conn ,_U S. A ) was used A measur1ng magn1f1er

was obta1hed from Bausch & Lomb Inc (Rochester N.Y. ) For process1ng, '

' (Speke L1verpoo] EngIand), were emp]oyed The dens1tometer used was _7

a Chromoscan ModeI‘MK'II Joyce LoebeI & Co Ltd. (Gatehead U K.).:

" A Cahn gram e]ectroba]ance Cahn D1v s Ventron Instr Co (Paramount,
fb_Ca ) used for gravimetric determ1nat1ons of ]IpIdS A ModeI 53
Ii B1o]og1ca1 Oxygen Mon1tor equ1pped w1th a- CIark eIectrode was from

bgt;YeIIow Spr1ngs Instr (YeIIow Spr1ngs, Oh. ): Other general equ1pment

used was IF1sher Isotemp grav1ty convect1on oven and F1sher Accumet
"

'V1rt1s homogen1zer manufactured by V1rt1s Co Inc (Gard1ner N Y )

a- rotary evaporator Buch1 Rotavapor R “from Buch1 GIasapparate Fabr1k

EY




o (Flawil, Switz.)

Pa.), énd_a'Sohicator ModéT_S-75 

\

A

. a Burké]] erSt-acfjon'shaker, BUr%e1] (Pittsbupgh":

(Branson, Da.n\bur‘_y,‘ cT.). . -

\
|

|
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.v_thawed at room temperature

~ Methods 3: | T : \T IR . . v A

A. Product1on of Dehydrated GranuTes by a Treeze Thaw Process L

| A semi- p1Tot scaTe frteze thaw process 1ntroduced by Oora1ku1 ‘
(1973) was app11ed Raw potatoes used were the ATberta grown cu1t1var &
hf"Netted Gem (Russet Burbank) .of spec1f1c grav1ty 1 098 The process 'Qt :
was_as fo]Tows A _ R IR L f.t,“;
foook1ng Potato tubers (lb:kg‘batch) were pee]ed tr1mmed‘ washed and
'511ced then steam cooked at atmospher1c pressure for 35’m1nute

.fMash1ng The cooked sT1ces were. 1mmed1ate]y mashed for 2 mwnutes at\

" .. speed sett1ng of 6 1n a K1tchen\k1d mixer equ1pped w1th a fTat beater

Freeze thaw1ng The hot mashed potatoes werT spread on stalnTess steeT

:' trays frozen in an a1r—b1ast freezer at 20°C for 3" hours, and then’

. Predry1ng, granuTat1on dry1ng and cooT1ng steps 'TheSe StepS’were
) 4 . &
-performed in a f1u1d1zed bed dryer mod1f1ed to have a rotary st1rrer-

T1'1mmed1ate1y above the porous pTate The thawed potatoes welre . chargedwiid”'
1nto the bowT and predr1ed w1th an. a1r temperature é%tt1ng of about o

_90 C and a stwrrer speed of 20 rpm, when the mo1sture content of the{f
potatoes dropped to. 35 42% after about 16 m1nutes, the granuTation :’:' \

-step foTTowed, us1ng a 10wer temperature sett1ng and m1n1mum a1r Lf, '\"

o vyeToc1ty (about 30 cu ft per m1nute) and a: st1rrer speed of 400 rpm

'.»nAfter 10 m1nutes the temperature and the air. fTow were 1ncreased to

h begin. the dry1ng step After about TO mlnutes of- dry1ng, the f'»

T_"tempeLature and a1r fTow were aga1n graduaTTy reduced to avo1F eTTQ-'

“‘damage due to abras1on of the granules 1n the air stream The heaters vdpi{_f

f}were then turned oqf and the air. fTow ma1nta1ned at a 10w rate to xf;

S



o Y

f} »(//sr'reduce the grand]es temperaturetto SU‘ﬁ In the dehydration steps, Aeo |

e
’ . .

‘the h1ghest temperatures of the dry1ng air, as- recorded at the base of
- Fthe dryer and at the\exhaust p1pe wgre 86 C and 60 C respect1ve1y
*"?The mid- po1nt of th% bow1‘w1th f10at1ng granu]es had an average
'temperature of 35 C, r1s1ng as h1gh as v6°C but never reach1ng or‘
",:_exceed1ng 85 . _,' h c 4-. “‘ T _'H;d;. ' N
_ . : - \ e : : .

' ,.éf. Lipid‘Ana]ysis"- .

'15» 1. Samp11ng and Ana]ys1s o
e L Tr1p]1cate samp]es were ana]yzed for 11p1ds at]the fo]low1ng

stages (I) C]ose to 0 5 kg of pee1ed and s]1céd raw tubers viere e Pg,'-:'

] AN L - -:..'--

-taken from a 10 kg batch for process1ng After. d1c1ng and m1x1ng,

. ...100 g were taken for ana]ys1s,‘(II) A 100 9 samp]e was’ w1thdrawn from o

n;.the hot mash- (III) 40 g of dehydraﬁed granu1es were taken]qum the :

"bowl of the dryer o

}

Mo1sture content was determ1ned from we1ght 1ost after heat1ng

- 10 9. of samp]e at 55°C for 5 hours and then at 105 C for 2 hours 1n a

. / .
‘-vgrav1ty convect1on oven

LI

H'.Z. L1p1d Extract1on i
N : - Who1e tubers were pee]ed S]1ced and. ref]uxed for 5 mlnutes
"1n 200 m] bo111ng 1sopropano] and then f11tered The res1due was-
-homogenTzed 1n a war1ng b]ender w1th 300 m] ch]oroform methan01 (2 1

o ='d: 'v/v) f11tered, and re- extracted severa] times w1th sma]T volumes of -
.bthe same so%vent Comb1ned f11trates were evaporated at 40 C in a -"h

dﬁ? vacuum f1ash rotary evapdrator The crude 11p1d res1due was red1ssoT:

N

: ved 1n 150 m1 of the chloroform methano] so1vent and non 11p1d



" contam1nants were removed by shak1ng the soTut1on 1n a separatory
nh_funne] w1th one- f1fth 1ts voTume of 0 58%: aqueous sod1um chTor1de and
tTeav1ng 1t to equ111brate at 4°C (FoTch : T 1957) ; The upper

4_phase was removed by a Pasteur p1pet “and the rema1n1ng 1nterface o

I

1mpur1t1es were r1n<ed twice, W1th smaTT amounts of pure upper phase L R

so]vent. The 10wer phase conta1n1ng the pur1f1ed T1p1ds -was taken to
s_dryness under vacuum- as above The resu1t1ng res1due was then d1s- :
’solved 1n anhydrous, ethanoT free ch]oroform prepared by refTux1ng
chToroform over ca1c1um ch]or1de for 2- 3 hours About 0: 5 mg of BHT
‘;ant1ox1dant was added,and the voTUMe was. made\up‘to 10 mT The J .'
fsoTut1on was stored under n1trogen in- the dark at 20 C |

L1p1d from cooked and mashed potato sampTes and from dehydrated

' granuTes was extracted in a s1m11ar manner However the granuTes wdre

"T5t_ _f1rst rehydrated to the mo1sture content of 1 raw tuber

The T1p1d y1e1ds were determ1ned from 20 ul a11quots of 11p1d
'gsoTut1ons that were dr1ed to a constant we1ght in a stream of n1trogen
. : Ly, :
,at room temperature 1n aTum1n1um foil . cups —AETQthg was-done with

_..T

a Cahn gram e]ectroba]ance

,_'3" L_p1d Fract1onat1on by S1T1c1cAc1d Ce11te CoTumn Chromatography c

CoTumn chromatography was used to separate the tota] T1p1ds o

'”,dnto neutraT 11p1d gTyc011p1d, and phosphoT1p1d fract1ons S1T1c1c» :

"ac1d was washed w1th hot methanOT foT]owed w1th hot acetone and then

"dr1ed at 105°C for 2 hours Batches of Cellte were aTso treated 1n 8

' fathe same way The adsorbent cons1st1ng of 3 g S1T1c1c ach ) T.f"; .

\mesh, and 1 g of Ce11te ‘was packed 1n a- sTurry of d1ethy1 ethen and ?""

.

1‘was aTlowed to settle in a 30 cm X 8 mm i.d. g]ass coTumn w1th gentTe

) »

53

e .
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':,tapprnga, Success1ve port1ons of the suspens1on were added and the

t ﬂcoTumn was. v1brated w1th\a hand v1brator unt11 the sTurry of: adsorbent

vlfformed a bed about TO to 15 t1mes greater 1n he1ght than 1n
'fd1ameter The Teflon st0pcock was opened carefu] y,and tne supernatant-:
1o

"(d1ethy1 ether) was dra1ned 1nto the bed of adsorbent AT1quots o

W n

h*;f:fconta1n1ng 150 mg totaT T1p1ds were dr1ed under n1trogen and redwssolvedj"'

'1n about 1 m'l of d1ychv1 ether, and apphed to the coTumns L1p1d
sampTes were very carefuTTy Tayered on the coTumn W1th .a Pasteur p1pet
"f w1thout d1sturb1ng the adsorbeq} surface The stopcock was opened
::unt11 the sampTe soTut1on had JUSt dra1ned 1nto the surface of the s
:adsorbent bed The waTTs of- the coTumn above the adsorbent surface
'b_were carefulTy washed w1th a few drops of d1ethyT ether and aga1n,

”aTTowed to dra1n 1nto the adsorbent by open1ng the stopcock _ After 1
'-the T1p1d samp]es were washed onto the bed of. adsorbent and no T1p1d;f
‘.rema1ned above the surface the T1p1d components were removed from
;i"ifthe coTumn by eTut1ng w1th soTvents of graduaTTy 1ncreas1ng poTar1ty;
"ETut1on of neutraT T1p1ds was w1th 80 mT d1ethyT ether, gTycoT1p1ds -

: ‘w1th 70 mT acetone, and f1na11y, phosph011p1ds w1th 50 el of
t‘chToroform-methandT (T 1 v/vL foTTowed by 40 mT methanoT - The y1er,;:‘

L of each T1p1d fractwon was‘ﬁeterm1nea grav1metn1ca11y us1ng the “”
»veTectrobaTance | ;;}huf |

4 L1p1d Separat1on by Th1n Layer Chromatography

". - a. Q*a11tat1ve Ident1f1cat1on of. Potato L1p1ds
AT]qUQts conta1n1ng 150 ug of totaT T1p1ds were appT1ed as
doubTe spots to 20 X 20 cm pTates coated w1th 0. 3 mm act1vated MN--

o

j :
K1eseTgeT N\(no b1nder) For poTar 11p1ds the pTates were deveToped 1n

i
e
S



-

‘chh]oroform methanoT acetic ac1d water (170{30 20 5 v/v) ‘lhe
chromatograms were'dien vacuum dr1ed for 30 m1nutes For non spec1f1c :
'1dent1f1cat1on of ]1p1ds, the dr1ed chromatograms were rout1neTy

*Sprayed w1th 50% squur1c ac1d, and charred at 170 C for 20 m1nutes

L L1p1ds appeared as dark brown spots aga1nst a wh1te background

o

The 1dent1ty of 1nd1v1dua1 T1p1d spots was reVeaTed by
Spec1f1c reagents A chromogen1c reagent prepared as- descr1bed by ,-"

f Vaskovsky and Kostetsky (1968) was u5ed for detect1on of phosphbT1p1ds

r-\_

:,Ammon1um moTybdate (16 g) was d1ssoTved in. 120 mT of water A-combtﬁa— A

" tion of 10 ml of mercury in 40 ml of ﬁoncentrated hydroch]or1c ac1d Was

I3
‘m1xed w1th a port1on of th1s soTut1on (80 mi). Th1s suepen51on was .

i shaken for 30 m1nutes and fTTtered ~ The flltrate was - m1xed carefully -

<« -~ {

"Tu; w1th 200 ml of concentrated squur1c ac1d and the rema1nder of the »f

ammon1um moTybdate soTut1on After cooT1ng, the above m1xture was -

d1Tuted w1th water to ] T1ter PhosphoT1p1ds appeared as bTu1sh spots_

on a wh1te background 1mmed1ate1y after be1ng sprayed at room tempera- -

' ture w1th the above reagent GTycoT1p1ds were 1dent1f1ed by spray1ng .

v the pTate w1th a 0 5% soTut1on of naphthoT (freshTy crystaTT1zed from

‘fdr1ed and T1gh¢1y sprayed w1th a f1ne m1st of concentrated squur1c ac1d

;:GTyco]1p1ds appeared as b1u1sh purp]e spots upon heat1ng the pTates at'v

'\171120°C The Ltery] 11p1ds were Tocated by the1r purpTe coTor when the

5o

“,"plates were sprayed w1th 50% squur1c ac1d and warmed at 70 (8 for 10

jm1nutes T ‘;‘ S ‘rlésl;'uf'

For neutraT T1p1ds, potato totaT T1J1d was spotted on th1n--.1

.‘;'.hexane/chloroform) in. methano] water (1 1 v/v) ' The pTates were a1r--l~»;_v?'

Tayer pTates aTong w1€h spots of authentlc standards. The pTates were }“"

) deveToped 1n a m1xed soTvent system The f1rst deveTopment was in a

1l



- jA'H_ 1o

:e'S1J1ca geT bTanks adJacent tq and correspond1ng to the area of each

t'soTvent m1xture of d1ethyT ether benzene ethano] acet1c aC1d (¢O;50{2:

0.2 v/v) and the second in. dtethyT ether hexane (6 94 v/v) After ol
v}d dry1ng, the chromatograms were. sbtayed w1th 50% su]fur1c ac1d and

:-charred»atv170-c. The spots magch1ng the standards were 1dent1f1ed;

b. Quant1tat1ve L1p1d AnaTys1s C .

(%)_ Phosph011p1ds o

The fract1on of phosph011p1ds coTTected by s111c1c acid co]umn

'7chromatography was further separated 1nto 1nd1v1dua1 const1tuents
S

A\l
rd

'_correspond1ng to a range of -1- 10 ug phosphorus were appT1ed

T~

‘eto p]ates and deveToped 1n tanks conta1n1ng chToroform methano} acet1c

':ac1d water (170 30 20 5 v/v) Authent1c standards of phospho]1p1ds A““':'v
*Twere aTso pTated in a marker Tane After the chromatogram was
'vg deve]oped the marker Tane\_gs,;prayed w1th the reagent of Vaskovsky

.rtt_'and Kostetsky (1968) The areas correspond1ng to PI PE, and PC were“

A'matched WTth spots on the markerTane and were scraped from the pTates

'phosph011p1d spot were aTso sbraped These sampTes were d1gested at 250 C

A

)
“for. 3 hours w1th 0. 3 mT concen%rated squur1c ac1d w1th occas1ona1

;

i sw1r11ng of the tubes to break cTumps of s1]1ca geT ' Then a few f"'
'.drops of . 30% hydrogen perox1de Were- added and heat1ng was - cont1nued
-f for an add1t1ona1 hour (Parker and Peterson, 1965) After cooT1ng, -
‘ the d1gests were d1Tuted to 4 mT w1th doubTe d1st1TTed and de1on1zed

- water us1ng the water to wash down the waTTs of the tube Squ1te

~ =3

,“soTut1on (O 1 mT) was then added, and the tubes; shaken to ac1d1fy

/T‘the Tower waTTs of the tubes 1 mT of moTybdate soTut1on

’ . . . . . s
“ i . k A \\ )
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(2% w/v) was added directTy 1nto the ac1d tak1ng care/not to touch

the waTTs of the tube, ‘and TO .mg of ascorb1c acid were added and __:} )

d1ssoTved in the soTut1on The tubes were heated at TOO C for 10
o m1nutes and cooTed The f1na1 voTume was’ made ug to. 5 0 mT he.
'“‘ tubes were stoppered and shaken to mix the crntents thorough]y

Absorpt1on read1ngs were taken at 830 nm (Morr1son 1964) »

concentrat1on of phosphorus was caTcuTated from 2" caT1brat1on curve
' e (O 10 pg range) prepared from 1norgan1c phosphorus that was d]gested

as above (F1gure 6)

(11) GaTactoT1p1ds L

AT1quot—s of the gTycoT1p1d fractwn(TO To§pg galactose) were o

h'app11ed on a preparat1ve pTate of 0 5 mm "MN- K1eseTgeT N. The pTate

was then deveToped 1n tanks conta1n1ng a chToroform acetone water

,”(30 60 2 v/v) soTvent system Standard gaTactoT1p1ds were spotted in L

O

'~the marker Tanes of the same pTate After the chromatogram was deveTo-“

'ivo ped the marker Tanes were Sprayed w1th a dITute soTutlon of 1od1ne in:

'f?*a"d DGDG spots of the marker ane were scraped from the correspond1n9
, ;nyamPTe Tanes and eTuted w1th chToroform methanoT water'(4 4 0 1 V/V)

The e1uted extract was evaporated to dryness under n1trogen and then

-.a_htreated at 100 C for T hour w1th 2 mT of 3 N squur1c ac1d GaTactose :-h~:
’i'from,the hydrolyzed T1p1d was determ1ned quant1tat1ve]y by the phenoT--~fﬂ.7

.squurlc ac1d method of Dub015 et aT (1956) To the cooTed hydroTyzed :{h"

e T1p1d soTut1on, T m] of 5% aqueous phenoT and 4 mT of concentrated
;squurlc ac1d were added the stream of ac1d be1ng d1rected against

jthe T1qu1d surface 1n order to obta1n good m1x1ng The;contents were

L

R

“;methanoT to v1suaT1ze the gaTactoT1p1ds : The areas match1ng the. MGDG ,“ | |
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t of Morrison
n'1 cm cell using a:

Readings were. taken i
rophotometer
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A

then m1xed w1th a vortex vi rator kept at room temperature for 15

i“f m1nutes, and the absorbance ead at 490 nm, Ga1actose concentrat1ons'

v

were ca]cu1ated from the stanﬁard curve shown in F1gure 7 ‘ The f"

contents of the other ga]acto]'p1ds were obtalned by subtract1ng the

y\ \
_ vilues of MGDG p]us DGDG from t'e tota] ga]actoT1p1d fract1on

v sod1um methoxnde in

Stero1s f om ESG and SG: were hydro]yzed for 4 hours 1n bo111ng anhydr us

(111) Neutra] and Stery] L1p1ds

v
”\ Bands (10 mg) of neutra]

plate app1y1ng a doub1e deve]opmen ‘method of Freeman and Hest (1966)

“The, fhrst deve]opment'was in a so]veht m1xture of d1ethy1 ether benzene'r"

' A\
'ethano\éacet1c ac1d (40 50 2: 0 2. v/v) and‘the second in d1ethy]

ether hexane (6 94 v/v) ' Standard TG,\FFA and stery1 11p1ds were -
\

A
spotted 1n the marker 1anes These 11p1§§ were . 1dent1f1ed by Spray1ng

the marker\ﬂane w1th a. so]ut1on of 1od1ne in methano] and correspond1nga

\

_ areas were soraped from the unexposed samp]e 1anes and e]uted w1th

d1ethy1 ether Each 1so1ated fract1on was qua,t1tated by tak1ng 1t to.

a constant we1gh§¥after the ether waS\removed uvder n1trogen

‘ Stero]s from various stery] 11p1ds were 1 o]ated for further

' analys1s ' <E uas r_f]uxed for 30 m1nutes under n1t'ogen w1th O Z-N

,ethano1 The m1xture was then c o]ed water was /

added, an the free sterol present was: extracted w1th d'ethy] ether _/1

|

methano] conta1n1ng 5% hydnpch]or1c ac1d ‘The free stero]iwas separ ed‘;f"

f from these react1on m1xtures\€n preparat1ve plates us1ng ad ve]op1ng

a c1ean up procedure us1ng a ‘glas

so]vent of d1ethy1 ether: hexan acetlc acﬂd (10 90 1 v/v) T e fre -
tero] zore was then recovered 1€%d1ethy1 ether and further pu 1f1

column 30 cm x 2.8 om q. d ‘
o\ T e

1p1ds were deve1oped on a preparat1ve

-
1

59 3



-

: -‘A 490 m
o
~N

R

0.3

20,0 30 40 50 .60 .

g A‘G515§£oset(ug)[v?‘“_i"w.l_ ':»vy  f‘f;"_'.' ’.:'
SRR S L \} , . _

Calibration curve for galactose determination. = -

- The method was that of Dubois etal. (1956).
~Readings were ‘taken In 1 cm cell using a =~ .
_Pye1Unicam‘SP_1800;Spectrophotbmeter; ’ '



" the T1p1d fract1ons coTTected from coTumn chromatography, or of

' 1§d1v1dua1 T1p1d constltuents recovered ‘from th1n Tayer pTates

;r;gvmethanOT benzene squur1c ac1d m1xture (20 10 1 v/v) PE PC and

_\ ;
'TMGDG sampTes wgae gentTy refluxed for 10, m1nutes w1th 1 mT of boron-

1:w1th 50 g of fTor1s1T (deact1vated w1th 2 59 water) and topped with. -
if%a 2 cm Tayer of anhydrous sod1um su]fate The stero] was. app11ed to j
,';ffthe coTumn in a petroTeum ether soTut1on A "cTean up" eTut1on
L:foTTowed with 300 ml- of methyTene chTor1de the eff]uent be1ng B

o d1scarded SteroTs were . then eTuted w1th 300 m] ethyT acetate

N ,
petroTeum ether (25 75 v/v) The eff]uent was evaporated to dryness-.

'under n1trogen, ‘and the res1due was d1ssoTved in 0 5 mT ethyT acetate S
‘*:conta1n1ng choTestane as a standard (O 04 ug/mT) Th1s soTut1on was

; ~ then anaTyzed by gas T1qu1d chromatography

5. Fatty Ac1d Analys1s

N Transester1f1cat1on procedures were lised to obta1n FAME of
3 : ; ‘

"5:jNeutra1 T1p1d fract1ons of 5 20 mg (and much Tess for SE, TG, and ESG)

’fiwere ref]uxed gentTy for 2 hours in capped tubes w1th 2 mT of a

gitrtf1u0r1de methanoT soTution (14% w/v), as recommended by Morr150n o
uaand Smlth (1964) The DGDG sampTe was t?eated for 30 m1nutes to ;' o
.ensure complete ester1f1cat1on The esters were 1soTated from the

yilreact1on m1xture aften 1t was d1Tuted w1th water and extracted w1th

'T »hexane The extract was- washed w1th 0 2 N potass1um carbonate and

| 'and the esters (concentrated in. a stream dT n1trogen) were: anaTyzed by
tgngas T1qu1d chromatography on a Bendlx ModeT 2500 gasTchromatograph .

‘xeqUTPPEd with a f]ame 1on1zat1on detector Chromatography was Performed':

G B o e

':water The res1dua1 water was removed w1th anhydrous sod1um su]fate,v ﬂ]:'V



'by 1n3dct1ng -an aT1quot of the samp]e into a U- shaped gTass coTumn ’
(1.8 m X -3.mm 1 .d.) packed w1th ISA EGS poTymer coated on ac1d washed

“.100/120 mesh Chromosorb p. The operat1ng temperatures were: coTumn

".:‘ 185°C, 1n3ector port 220°C, and detector 245 C N1trogen was USed as -

a carr1er'gas at a fTow rate ‘of 60 ml . per m1nute The fatty ac1ds
v'as the1r methy] esters were 1dent1f1ed by means of a caT1brat1on curve

of equ1vaTent cha1n Tength of fatty ac1ds versus the1r retent1on t1mes

'.-(F1gure 8), and by compar1son with standard methy] esters Quant1ta— .

3
Y

’t1on was by peak area 1ntegratlon

]jffﬁ SteroT AnaTys1s T]-- . |
T:. v Th1s was . done by gas chromatograph1c mass SpectraT anaTys1s
.‘7}iA Var1an gas chromatograph ModeT 1200 f1tted w1th an‘"eTectron.
~‘_-unpact“ 1on1zat1on detector was used w1th U- shaped gTass coTumns, 82
'cm X 3.mm 1. d‘; packed w1th 10% methy] s111cone (OV- 101 and |l
tr1f1uoropropy]-methy1 s1T1cone (QF 1) 1n a rat]o of 2 3 on an tnert
1"Support of Gas Chrom Q 80/100 mesh IsothermaT separat1on at” 260 C
‘”iwas done at a he11um f]ow ratelof 7 m] per m1nute The 1nd1v1dua1

«

?eTuted steroTs were transferred to an AEI mass., Spectrometer 2; wh1ch
» 3

‘shad tﬂ@ foTTow1ng operat1ng cond1t1ons acceTeratlng voTtage 80 V“

i scan rate, 50 a m. u. per second, osc1TTograph1c recorder 0- 450 a.m.u.
1 ol

' sens1t1V1ty range O l 1 03 and T1near scan mode ~The’ reﬂat1ve .

'ftretent1on t1mes were determ1ned for each standard stero]
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d C. Isolat1on Offﬁﬁ]] Membranes and Organe]]es, and L1p1d Pnalys1s

1. Isolation of Membranes and Organe]les

uﬂa; Amy]opTasts (Starch Gra1ns)

J

Potato tubers (200 g) prech1TTed to 4°, wereApee]ed, s]1ced
'-:(ca; T - 2 mm ) and homogen1zed in 400 mT of gr1nd1ng med1um conSISttng
' vof 0 4 M sucrose, 50 uM nuperca1ne hydroch]orlde 0 5 mM sod1um '

"FZ mercaptobenzoth1azo]e and 0.1 M Tr1s chTor1de buffer, pH 7 85 at ;“
) med1um speed for T m1nute at 4°C us1ng a type 45 V1rt1s homogen1zer
The homogenate was f11tered through 2 Tayers of M1rac10th and |
centr1fuged at 2 000 X g for 7 m1nutes to ?bd1ment the starch gra1ns

Th? pur1ty of the starch gra1ns was checked under the T1ght m1croscope

.'b; PTasmaTemma, M1tochondr1a, and Perox1somes

|The post amy]op]ast supernatant was centr1fuged at 2] 000 X g i
S

64

for 15 m1nutes The pe]]et obta1ned was careful]y washed ‘with buffer K T; -

&

,'dand fract1onated 1nto pur1f1ed fractlons by discont1huous sucrose

4dens1ty grad1ent centr+fugat1on Rout1ne1y,t e crude m1tochondr1a1

,Suspens1on (approx1mate1y 2 ml per centr1fuge tube) was layefed on top

"of d1scont1nuous sucrose grad1ents and centr1f ged in a sw1ng1ng

bucket rotor at 54 000 x g for 50 m1nutes The grad1ents were

prepared s1m11ar to Douce et aT (1972) by Tayerlng sucrose solut1ons
‘ conta1n1ng 0 05 M Trls ch]or1de buffer pH 7 8, 1nto centr1fuge tubes
i..1n this sequence of concentrat1ons, start1ng from the bottom of the

| -;tubeS{ 1.8 M (8 mT), 1.45. M Bnﬂ) T 2 M (8 ml), 0.9 M (4 mT), and

* i /

5 0.6 M (4 m])_ Membranes and organeTTes separafed as g1st1nct bands

”'b‘ﬁThese bands were pTasmaTemma (ln 1 O M sucrose), pure m1tochnodr1a

”’(1n 1. 35 M sucrose); and perox1somes (1n 1 6 M sucrose) ‘Thef '

A\



d11uted w1th’0.05 M Tris- chTor1de buffer pH 7 8 contaiq1ng 50 uM

-'“nuperca1ne to a f1na1 sucrose concentrat1on of 0 3 M. Centr1fugat1on

at 30 000 x g for 30 m1nutes was done to coTTect the 1nd1v1dua1

pellets, wh1ch were suspended 1n a known volume of O 4 M sucrose

'conta1n1ng 0. 05 M Tr1s ch]orlde’buffer pH 7 8 w1th the heTp of a’

'Toosely f1tted gTass homogen1zer\\—»

.to 1soTate m1crosomes The supernatant was centrlfuged at°105 000 X g '\f71

M1crosomes

_ The post crude m1tochondr1a1 (21 OOO X g) supernatant was used

for 90 m1nutes After centr1fugat1on,_the m1crbsoma1 pe]let was

50 uM nuperca1ne O 05 M Tr1s ch]or1de buffer pH 7 8 and centrufug1ng~a

..Tr1s ch]or1de buffer pH 7 8 conta1n1ng 50 uM nuperca1ne and O 5 mM

, 1
sod1um 2-mercaptobenzoth1azo]e The g]aSs conta1ner was put 1n a

| T washed by suspend1ng it 9n a known voTume of O 4 M sucrose conta1n1ng

Coit aga1n at 105 OOO X q for 90 m1nutes The washed m1crosoma1 peT]et

| ;was suspended in:a smaTT voTume of the above buffer med1um _AjfTowt 51;-1'A

d1agram for the 1soTat1on procedure is g1ven 1n ngure 9
d Cellwan BN R R
Al o O

A Potato tubers were pee]ed washed, cut aTong the Tong ax1s and

cut 1nto 1 mm thick sT1ces ~ Slices (20 g) were mechan1ca1]y

d1s1ntegﬁated w1th the V1rt1s homogen1zer at fulﬂ Speed (20 000 rpm)
‘dfor 10 mir utes in-50 m1 of 1ce co]d a. 5% sod1um squ1te, 0 5 M

}

: trough of'ne con water to ma1nta1n the temperature be]ow 5°C.

" The sTurry was- transferred quant1tat1ve]y 1nto a beaker

" 65
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e
Pee]ed,'s1iced qdf}to' v oy
Hbmogenized.in:grihdfng medium =

F11trat10n i,‘
: [

::‘Centr1fugat1on 2 000 x g, .7 m1nutesi |

' o ol Starch
Supern?tant ' - assayed for I

Centr1fugat}on 21 000 x g, 15 m1nutes 1‘PT?,CQntent R

I R 1
.Crude mitochpndrja1 peT]et T vSupernatantra
;Sucrosedgradient'éenfrifugafibh R "7;3'Centr1fugat1on' .
"~ 54,000 x 6,;50'minutes_ o 105 000 X g, 90 m1nutes N
| | ,{i, - R . . ’ ..-‘
o Mbcrosoma1'ﬁ_. SUpernatant
SR © . -pellet . . ‘discarded.
d SR e . assayed for N S
S CROSE SR T L lipid Content o
by CONCENTRATION SRS KRR S A S
. 0.6 M b

B o i SRS PR
EE —
0.9M £}1 T

" Plasmalemma . .
..Plasmalemma .

e -~ f Mitochondria, -

.45 Moo

 Peroxisomes -

<

A

RN

R Suspended and centr ﬁuged 30 000 x g, 30 m1nutes‘d'

R | Pe14et R SupenLatant
_,_‘%*} , assayed for 11p1d content -/;”di»\ v d1scarded

.y

Figure 9:. F]ow d1agram for 1so]at1on of starch, p]asma]emma, S
. ~f;; m1tochondr1a perox1somes and m1crosomes.



F T T T :‘...'_  gd'”'gfltlllf~f" Lo
Comb1ned sTurr1es were transferred"to 4 {ayers of a éOO mesh poTy-x R

; ester s1eve cToth, squeezed 1mmed1ate1y, washed severa] t1mes w1th |
'erbuffer and then thoroughTy washed from entrapped starch gra1ns w1th ‘T
'w,dem1nera11zed water Wash1ngs followed by 1nterm1ttent squeez1ng of
“the res1due were cont1nued unt11 no free starchlgrains were ev1dent ;49 r‘x'.t
under a poTar1zed 11ght m1croscope The ce]] wa]] mater1a1 after d B
Tflnal f1Ttrat1on was squeezed dry and we1ghed The mo1sture content

" of th1s sem1wet mater1al was - determ1ned by dry1ng 1t at 105°C for 2 "f.:

K rafhours, then at 95°C overnight, unt11 a constant we1ght‘“

'3f 2 LTQJd Ana1y51s <]vs

‘11p1ds from organel]es and membranes

the 1soTated ceTTu]ar fract1ons (p1asma1emma m1tochondr1a, perox1somes, o

ot & For extract1on oﬂ tota]

| f;m1crosomess starch gra1ns and ceTT wa]]s) were fLrst treated w1th

I‘-

- 'bo111ng 1sdpropan01 and then further extracted w1th ch10roform-methano]

""xasame as descrtbed 1n sect1on B of Experlmental

e of Freema‘

ﬂ}(Z :1 v/v) The bas1c procedure for 11p1d ana1y51s was essent1a11'.

_ However for the separat1 n of neutral 11p1ds the soTvent 53.ﬁf.df;;-3"
:'system of hexane d1ethy1 ether formlc ac1d (40 20 T v/v) (Khan and |

B Kolattu"

,dx, 1973) was used 1nstead of the doubTe development method
and west (1966) | | B a

Quant1tat1ve determlnat1on of phospholip1ds 1n these T1p1d {ff'

: anples was routlneTy performed by a conven1ent and rapid coTor1metr1c T_:fjfi!j

‘ ' "ahejA;gg.al 1973) In t&ys proceduret phosphollp1d o
:hphosphorus determinatlon-dad not lnvolve the ac1d digestion of the o

S 11p1d The phosphollp1ds, after separat!on by th1n Tayer chromato--fdhf.“'fe'

'.hh,fgraphy and eTut1on from the s111ca gel were%heated;with;a s]ightly.3"\



.*“~r C.r. and ADP/O va1ues (Haydar and Hadz1yev 1974).-

N

'-A

5}_mod1f1ed chromogen1c spray reagent of Vaskovsky and Kostetsky (1968)

‘ (The mod1f1ed chromogen1c reagent was prepared by add1ng 45 m1 of

'h?;methanol 5 m] of ch]oroform and 20 ml of qater to 25 m] of the fiuizﬂf'

' 7
B orlg1na1 reagent so]ut1on of Vaskovsky and Kostetsky (1968)

»pco]or1metr1c determ1nat1on the 11p1d samp]e (1 JO ug phospho11p1d
':~phosphorus) 1n ch]oroform whs added to a test tubé and the so]vent

. was evaporated 0. 4 ‘ml - of ch]oroform ahd O 1 m] of chromogen1c p
so]ut1on were added The tubes were p1aced 1n a bo111ng water hath
; kfor 1 1.5 m1nutes After coo]1ng to room temperature the tubes were

”a11owed to stand for 5 m1nutes, then 5 m1 of chﬂoroform were added

"_fand the m1xture was shaken gent1y, The contents of each tube were hf ;
'TA, transferred to a 15 m] separatory funne] Afte{ stand1ng for 30

r'm1nutes, the 1owhr ch]oroform 1ayer was removed and the absdrbance at

'.f710 nm was taken aga1nst a blgnk us1ng a Bausch & Lomb Spectron1c 20

.'.spectrophotoPeter w1th a, 1P4O tube and a-. ed f11ter The concentrag__

68"l' :

- tion .of phosphorus was ca]cu1ated from a ca11brat1on curve (O 10 g :__.“*“;”

| l~range) prepared by us1hg pur1f1ed potato PC and PE as standard

'fQQ' Assay for M1tochondr1a1 V1ab111txA Ef “:‘“f'c'”-‘:ﬂ

The resp1ratory contro1 ratio (r c r')3and'ADP/O?vaJue‘were

“'A:f7measured ;ﬂe assay med1un cons1sted of 0 3 M mann1to1 4 mM MgC]z, i
5. mM H3P0u, 0 075% BSA (w/v) 50 mM TES pH 7. 2 w1th 8 mM succ1natefhfu

' as a substrate Oxygen uptake was measured po]arograph1ca11

'V‘Jout11ned under enzyme,assay in Sect1on F ! After the add1t1on of
\",;100 u1 m]tochpndr1a1»suspens1on to. 2. 9 ml of the assay med1um 0 3

":l7jimM of ADP was. added at 1east tw1ce to record more than one cycle f0r _;v7‘



-so\vents for 11p1d extract1on ( ). petrdﬁeum ether, (b) acetone, (c)

ldf ch]oroform methano] (2 B v/v) (

i‘fcooked potato sampTe the tuber Was: s]1ced 1ongitud1naLTy 1nto

' imaging system In the foTTow1ng section, deta115 of the Fpec1menf"

';f.preparat1on for.TEM anaTys1s are descr1bed

e : o
I Preparat1on of Samp]es and Theﬁr Treatment w1th 5pec1f1c o

The raw potato tuber was. pee]ed ha]ved a]ong the short ax1s

'pand tLe para]le] cuts obta1ned were then sT1ced to remove the cortex

vaone wh1ch was cut 1nto cubes ca 1 mm. th1ck w1th sta1n1ess steeT _{j'f

[

.Zi blades, and 1mmersed 1n 0.1 M phOSphate buffer,' H 7 8 conta1n1ng !vA"
‘50 pM nuperca1ne hydroch10r1de. Approx1mate1y 0. 5 9 of the t1ssue ‘was
L':hkept as a contr01 wh11e5approx1mate1y 3 g were pTaced 1nto each of

hf1ve 125 m] Er]enmeyer f]asks conta1n1ng 30 m1 of the foTTow1ng

S~

R

bbhanolw(l 1 v/v), and

;.3and ag1tated cont1nuousTy for T hour at room t9mperature u51ng a
.;EBurreIT wrist act1on shaker The var1ous so]vents were then decan\ed
,'tiand rep1aced by 30 m] of fresh solvents The 11p1d extract1on

| fpprocess was" repeatedhfor another hour, and\the samPTes were kept v'_‘_f»3

g overn1ght The samp]es were aga1n subJected to a f1na1 extractlon w1th

e -

\

wo

'dfhalves and then precooked at 70°C for 20 m1nutes 1n water, -f L h
. b',i_cooled for 10 mlnutes 1n runn1ng tap water Ehen steam-cooked for 30

:f‘ljminutes and f1na11y cooTed in tap water The cortex zone 07 the

69 -

_ | ,
E; Transm1ssion Electron M1croscopx_jTEM) '
The pr1nc1p1e of transm1ss1on eTectron m1croscopy 1nvo]ves]
'lplacing the prepared Spec1men between a source of electrons and an E—
’ ) S

'di( ) butano] saturated w1th water A‘ThelfTashs were then-well-stoppgrgg.‘-,t]

- f30 m1 of fresh soTvents for an’ hour and then Jeft to a1r dry <;or the ;“n}‘ AL



' ._:TceTTuTar organeTTes Phosphate buffer was used because 1t d1d not

*i‘Cooked tuber was aTso removed from these sampTes B

A An appropr1ate amount of each sampTe was transferred 1nto
'ngass v1aTs conta1n1ng 3% gTutaraTdehyde 1n the same buffer and then
:'a5p1rated for 10 15 m1nutes, or unt11 the t1ssue sank to the bottom of
flthe v1aTs GTutaraTdehyde was used because 1t penetrated rap1d1y into '“T

) ’
'the t1ssue and stab1]1zed any carbohydrate present 1ns1de the: ceTT or.

ooy
\ T‘ '

' ‘_react chem1caTTy w1th the faxat1ve soTut1on ‘was. not tox1c to the

"7ﬂt1ssue, and malnta1ned the mi of 7 8 at wh1ch the act1v1ty of T1p1d-- S

-'degrad1ng enzymes was m1n1mum F1xat1on was’ carr1ed out for 6 hours SRR

at 4 °Ca»'The f1xed materiaT was washed tdorough]y by gentTe ag1tat1on e

v_]f“1n 3 changes of the\same buffer each Tast1ng 30 m1nutes Wash1ng of

~ w . RN

4Sithe excess gTutaraTdehyde was necessary to prevent 1ts react1on w1th
4fiosm1um tetrox1de~ The washed sampTes were post f1xed w1th ZA osm1um
:,,tetrox1de 1n the same buffer, and f1xat1on was cont1nued for an R
xadd1t1ona] 6 hours at 4°C : Dur1ng th1s t1me,.11p1ds and prote1ns were...
? f1xed and stab111zed by react1on W1th the reagent 05m1um tetroxide SRR
"}Apreserved T1p1ds, f1rstTy, by form1ng add1t1on compounds w1th ' jftﬁ :
.'unsaturated fatty ac1d cha1ns, and, secondTy, by 1ts soTub1T1ty 1n b
eﬁtr1giycer1des Thus, it not onTy preserved the f1ne structure of the,.g' o

L]

‘et1ssues and the1r ceTTuTar components, but aTso prov1ded eTectron

e

| ﬁlrf{ contiast by, 1ts phys1ca1 dens1ty Though uf'was very poOr at B f53>'if

' pres rv1ng carbohydrates,'1t was extremeTy good at preserv1ng the e

o .
;pho_bhoT1poproté1n membrane skeTeton of the ceTT In add1t1on, 1t '

7d1d "OF harden embr1tt1e, shr1nk, or: swelT the f1xed t1ssue ' After'f-,h Ll
o f1xat1on, the sampTes were aga1n r1nsed three tmmes w1th phosphate | “"1fh75§



buffer at 30 m1nutes 1ntervals The f1xed t1ssue was dehydrated 1n
graded concentratwns of ethanoT, (50%, 70%, 80% and 95%) at 30 o

m1nute 1ntervaTs EthanoT was. used because 1t d1d not harden the

t1ssue but d1d make\1t br1ttTe for subsequent uTtra th1n sect1on1n9

“‘»

ATT above treatments were carr1ed aut -t 4°C. The samples were then 7;f

o

treated overn1ght at 4°C w1th 98 6% ethanoT foTTowed by another

change of 98 6%—ethano] for 1 hour at ‘room temperature to ensure that

J,

o aTT mo1sture was removed from the t1ssue Th1s was essent1aT because o

1nf11trat1on by pro‘yTene ox1de wou]d be 1ncomp1ete and unsat1sfactory

1f mo1sture was pr ';t Henceforth aTT subsequent treatments were ?t"i/y;v '\a

carr1ed out at room temperature The 98 6% eghanOT was then replaced

w1th propyTene ox1de 98 6% ethano] (T 1 v/v) and the dehydrated sampTes /

were kept 1n this m1xture for 45 m1nutes to perm1t further dehydrat1on
A

They were then 1nf11trated w1th three changes of propyTene ox1de at

45 m1nutes 1ntervaTs,‘w1th per1od1c st1rr1ng The propyTene,px1de was

then d1scarded and qu1ck1y repTaced w1th a propyTene ox1de ara1d1te

'_H m1xture (1: ] v/v), the Tatter con51sted of dodeceny] succ1n1c anhydr1de,

ara1d1te res1n 502, and DMP 30. (49 49 2 v/v) Inf11trat1on was R

tlon of propyTene ox1de Propylene oxlde was used because it was

3

. compTeteTy m1sc1b1e w1th the epoxy res1ns used‘for Tater embeddrng

L G4

purposes ﬁgso, 1t was extreme]y voTat1Te and had a 10w v1scosaty, s0
1t pengtrated the t1ssue very rap1d1y, carrymg !nth 1t the resin

monomer and then evaporated Teav1ng the monomer behind The

\

samples were transferred from the viaTs to fTat s111cone rubber m°‘d5’.:,ie

properTy a11gned ahd then embedded in araldlte m1xture go that the N

B 4

e\

"cont1hued for 3 days w1th occas1ona1 st1rr1ng to fac111tate vapor1za- o

.. 7



‘_r

| ce1ls were suff1c1ent1y stlffened for th1n sect1oh1ng Polymertza; 1;v-j: -
t1on was carr1ed out at 65 C for 36 hours, durlng wh1ch the |
1nf11trat1ng f1u1d permeat1ng the‘USsue was hardened so that 1t
formed a solid matr1x wh1ch supported the t1ssue r1g1d]y w1thout\
dlsturb1ng any of the spatia] re]at1onsh1ps The processes of
dehydrat1on and 1nf11tratqon were carr1ed out as, rap1d1y as poss1b1e

8 s1nce a]] the reagents used were powerfu] 11p1d so]vents, and wou]d
| remove a s1gn1f1cant amount of 11p1d even after f1xat1on w1th osmlum

A : . . L

tetrox1de _ ;*'» ' ";-ﬂ;fv \-

I'j" : o The so11d matr1x 1ncorporat1ng potato t1ssue was - th1n1y cut

1\to sect1ons of appro*1mate1y 600 700 A th1ckness, us1ng a Porter-- =
B1um ultram1crotome equ1pped w1th a’ g]ass kn1fe. Th1s ultram1crotome._
: can g1ve suff1c1ent prec1s1on and re11ab111ty under opt1ma1 operat1ng*_f-a

conditlons, sect1ons in: 1ong Snbroken ribbons can a]so be obta1ned

| ' ~

- t{ eas11y The glass kngfe was used s1nce g]aSs 1s homogeneous and hard,

w1thout be1ng excéSs1ve1y br1tt1e and s therefore an 1dea1 mater1a1"'A“"
for use as a cutt1ng edge The 1nd\v1dua1 sect1ons were then_

transferred and mounted on Formvar (0 2% in ethy1ene ch10r1de) coated
200 mesh>copper r1ds\ Formvar 15 a\pTast1c used to prepare support ,
f1]ms and the co::ér gr1ds are used fﬁraccommodatlng the th1n sect1ons

The mounted samples Qere then sta1ned with 2% aqueous urany1 acetate

'\- for 2 hours, and post sta1ned wwth 0. 2% 1ead C1trate (a1ka11ne) fon 4

-dm1nutes pr1or to exam1nation under the e1ectron m1croscope Aqueous ) aﬂ'-i'p :

. A S
;1urany1 acetate contalns urany] 1ons of h1gh atomlc we1ght which are

b

szwery effective 1n scatterlng e]ectrons A]so these 1ons comb1ne in o

l_..

"L1arge amounts w1th nuc1e1c ac1d and ph05phate groups thereby,1mprov1ng}

a0

e »"t.“_" R L .. o L “: . L . L L el T,

,--
A N



B a1dehyde and osmium:

' the contrast of such organe]]es as the nUCleus Thus, the trea&ment
1th aqueous uranyT acetate fo11ow1ng double f1xat10n w1th g]btar;
tetrox1de markedly 1mproved the appearange of

1trate d1d not, 1nterfere/i1th :

“

membraneous structures Moreover o
use an1on1c t1ssue b1nd1ng s1tes apparently h d a
Most S

) \sta1n1ng, beca

greater aff1n1ty for the lead cat1on than for the c1trate.

probably, c1trate formed stab1e/comp1exes w1th the cat1on1o a]ka11ne_Ar

1ead sa]ts - ./,f - ;A. ' ﬂ.f:‘ __f;_"/' '“f-; o

| the e]ectron scatter1ng
actJon :

- In the above sect1on Fta1n1ng,_
power (contrast).of the t1ssue constJtuents was 1ncreased by Te
/ S of heavy meta]s (sect1on sta1ns)v

and . ER '

bf the mounted sect1ons w1th/so1ut1on
Hence sta1n1ng not only 1nqreased the observed contrast
fac111tated focuss1ng, but a1so prov1ded a poss1b1e means of obta1n1ng _
cytochem1ca1 1nformat1on about ce]l components - AR .”f"’ "

' .

er"theﬁ'exam1ned w1th a Ph1111ps EM 200 transm1s—

The gr1ds W
operated at an acce]erat1ng vo]tage of 60 kV
were- -

‘"e1ectron m1crographs:,

s1on e]ectron m1crosc0pe ,

and 1mages of the sect1ons, known as,
membrane

recorded us1ng Kodak 35 mm b1ack and wh1te f11m »
the s1ze of | each of the ce11 organelles and
o

electron m1crographs of known magn1f1cat1on:

ana11y,
A m1n1mum of f1ve random ,

systems was determ1ned from

w1th the a1d of a measur1ng magn1f1er
Stat1st1ca1 analysés were based on a

1sSion;f

nwasurements were made
: conf1dence 11m1t oF 95% |
caut1ons Pert1nent to Potato T1ssues for Transm

o2, Pre

ﬁ E1ectron Mlcroscopy Stud1es

Several p!!!ﬁht1ons are necessary dur1ng preparat1on of
S1nce osm1um’z-'

sm1ss1on e1ectron m1croscopy

potato spec1mens for tran



S

5 tetrox1de soﬁutton penetrates slow1y, potato tuber must be cut 1nto ~t

\

\very sma]] cubes (1ess than 1 mm edge) so that the f1xat1ve so]ut1on o

\

: can penetrate throughnthe tissue and 1ts membraneous structures

!

'ﬂiA buffer is needdd to ma1nta1n the pH of the f1xat1ve 501ut10n at |

' "the phys1o1og1caf value It also takes care of any1d11ut10n of the
; \ _
3f1xat1ve caused by m1x1ng w1th the t1ssue f1u1d, s1nce the salts in

the buffer can, 1ncrease the ton1c1ty of the f1xat1ve suff1c1ent1y to
"_prevent.osmot1c shr1nkage or swe111ng After f1xat1on, d1srupt1on of
'structure by auto]ys1s or attack by m1croorgan1sms must be prevented

,In add1t1tn var1ous processes 1nv01ved in dehydrat1ng and embedd1ng

\.

74

must not remove or add any components or d1stort the re]at1onsh1ps of TN

"'the ce11 organe]]es and membrane systems Durlng sect1on1ng potato
vﬂ:xt1ssues must be cut very th1n té el\m1nate structural over]ap,and
ensure that the e1ectron beam can penetrate through the section and

.”g"h1gher reso]ut1on can be obta1ned as a resu]t of the reductlon of
. L

: t-scatter1ng or e]ectron 1oss However a decrease 1n sect1on th1ckness

':.15 accompan1ed by a decrease 1n contrast The ce11 must ue st1ffened

V'suff1c1ent1y so that 1t is. notﬁSamaged by the sharp cutt1ng edge

_ dur1ng sect1on1ng *‘?3;,'_ "'3.'ff _ ll~""-:i.:*'- I ;};h

*3:;F} Enzym1c Breakdown of Lipld Substrates

1 SOurce of Enzymes

v

Pee]ed and d1ced\wh01e tuber t1ssue (100 g) was homogen1zed at

¢2h1gh speed at 4°C in.a V1rt1s homogen1zer w1th 200 m1 of 0 1 M

'ﬂ;acetate buffer, pH 5, 5 contalnlng 2 mM sod1um metablsu1f1te »{The‘?"d |

"i.crude homogenate was f11te§§d through two 1ayers of M1rac1oth and

‘,centr1fuged at 15 000 X g for 30 m1nutes The supernatant was used as-

3..



:E"LOX act1v1ty mon1t0red, sod1um metab1su1f1te was rep;aced by other '

the source of crude enzymes (Ga111ard 1970) In assays 1n wh1ch the

po]ypheno] ox1dase darken1ng effect was 1nh1b1ted and the change 1n

‘Tnh1b1tors 1n the homogen1zat1on med1um Sod1um mercaptobenzoth1azo]e e

:and p:ch1oromercur1benzoate were used at O 1 mM and sod1um d1th1on1te,-* :

‘,[hammon1um sa]t, in- 0 1M acetate buffer, pH 5 5 The effect of pH on
'act1v1ty was stud1ed us1ng O 1 M buffers sod1um acetate (pH 3. 0 5 5)
",potass1um phosphate (pH 6.0-7. 25), and Tr1s ch]or1de (pH 7.5-9.5) .

- cyste1ne hydroch]or1de,.@nd sod1um cyan1de at the 2 mM 1eve1

'”f25 Substrates o“”'

L]

-Zhe act1v1ty of LOX was. foﬂ]owed by us1ng 1. mM fresh1y d1st111ed coe

"11no]enc ac1d (b p. 149 150 C at 0. 4 mm Hg), 1n the form of 1ts

The coup]ed LAH LOX act1V1ty measurements were mon1toreL 1n

B t7fjsubstrates cons1st1ng of pur1f1ed 11p1ds 1so]ated from who]e potatO"v
*‘“tuber Fracthons of NL phospho- and g]yco11p1ds, as we]] as 1nd1v1dua1

’”,J,:‘.11p1d compounds such as PC PE PI MGDG DGDG SE, and ESG were used

{:::as substrates, and were emu]s1f1ed in- phosphate buffer, pH 7 0 by ‘

t'Trlton X 100 (0 2%), enhanced by u]trason1cat1on for 30 seconds The; _

o

R 11p1d we1ght used was adJusted so that the comb1ned concentrat1on of e:'

‘ ';7"tf1lp1d substrate before 1néubation

' ’the 11no1e1c and 11no]en1c ac1d substrate was 1 mM

Nuperca1ne, used as: a LAH 1nh1b1tor was prepared as a 15 mM

'ffaqueous stock so]ut1on, and was added 1n 1eveTs of 50- 450 uM to 6 m] ;

3 Enzyme Assay

LOX—cata]yzed ox1dat1on of the 11p1ds was foi]owed S



: of. oxygen uptake, assumlng an 1n1t1a1 d1sso1ved oxygen concentrat1on

. . - . ' . . ) . !
'po1arograph1ca11y 1n ‘a Mode] 53 B1o1og1ca1 Oxygen Mon1tor equipped
“_w1th a C]ark e]ectrode A1r saturated substrates (3 m1) were st1rred

"cont1nuously at 25°C and -after equ111br1um was atta1ned the enzyme ‘;r

| extracts were 1nJected Act1v1t1es were' ca]cu]ated from 1n1t1a] rates o

o of 240 uM/11ter at 25 C. Pre11m1nary assays w1th at Teast four'

NS

' r'concentrat1ons of enzyme extracts were used to estab]1sh the 11near

relat1onsh1p w1th oxygen uptake 0ne~un1t of LOX act1v1ty corresponded
'__to an uptake of 1 umol- 02/m1nute Enzyme substrates or 1nb1b1tors were .~
om1tted Jn.contro1 assays The® effect of temperature on enzyme

act1v1ty was recorded ing the range of 15 35 C.



v, RESULTS -

: A. L1p1ds in Raw Potato Tuber
Data presented 1n the foTTow1ng sect1ons were obtained by

extract1ng\lgp1ds from who]e raw potato tubers

ji]' Total Lipids

It was . found that extract1on of potato 11p1ds coqu,be best

"'_-ach1eved by us1ng the method of FoTchv_t_ T (1957). Fract1onatzon

N
“of lipid classes on s111c1c ac1d Celite coTumns did not prov1de

5 compTete separat1on, swnce neutra] T1p1dﬂ {NL) conta1ned a- port1on of
»VESG, and - gTycoT1p1ds (GL) some SG | Therefore, further separat1on by

th1n;1ayer.chromatography (TLC) was requ1red The results 1n Flgure 10

. ;show a cTear-cut separatlon of poTar T1p1ds on. a th1n TPyer chromato-
_Tlgram deveToped in * soTvent m1xture of chTorofoFm methano] acet1c ac1dfr;
water (170 30 20 5 v/v) The Rf vaTues of Tlp1d cTasses 1n decgeas1ng”xh
,lorder were NL D 86 ESG O 74 MGDG 0. 69 SG 0 53 PE 0. 36 DGDG Q. 23 -
—PC 0 14, and PI Q TO In the above soTvent system the poTar cTasses “
nof potato T1p1ds coqu bé d1st1nct1y separatdd wh1Te a]T the NL moved

o cTose to the soTvent front ‘as one spot Quant1tat1ve separat1on of each_

‘type of T1p1d us1ng seTective deveTopment w1TT be descr1bed in sui?equentffj' ‘

"'[ ‘sect1ons ' It woqu be worthwhlle to state here that,after app11c t1on of,‘

x"11p1ds on th1n Tayer pTates as a narrow band they can be deve]oped in-
any appropr1are soTvent m1xture A un1form spray1ng w1th su]fur1c actd

and subsequent charr1ng woqu produce bands of 1nd1v1dua1 T1p1d These -
bands could be measured dens1tometr1ca11y A dens1tometr1c est1mat1on :_T
: of a th1n Tayer chromatogram deveToped in the soTvent]system descrlbed
Thabove is g1ven 1n TabTe 1 However; numerous separat1ons shoWed that
'sdens1tometr1c results were not suffiﬁ1ent1y reT1abTe or reproduchTe



5 e - Filgur"je: 10

e -choline, —ethanolamine and

e

0606
- PC

CPE

TLC separation of potato | Figure 1. TLC"séparat1oh'of R

“’‘polar 1ipids.

NL = neutral lipid; MGDG
and NGDG = mono- and di-'
ga1actosyl dig1ycer1des,

SG = steryl:glucoside;.ESG nif;ij
'-‘esterfffed steryl glucoside,

PC, PE, and Pl ‘= phosphatidyl

a'fgv1nositol, respectively

R
' ,“glucoside, H = unknoWn.'”ﬂ

potato neutral 1ip1ds

. with. double deve]opment;

. - FS, SE'= free and '
‘-‘,esterified sterol; TG =

“triglyceride; FFA free " .

fatty acids;’ SG = stery]

glucoside; ESG =
esterified steryl.

.1;2’.:
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Ty

df 2. Phospho]1p1ds B -'.‘w' .

i phosphol1p1ds in a solvent m1xtune of ch]oroform methano] acet1c-ac1d3f‘-vf1

n1nd1v1dua1 phospho11p1ds 1@ decreas1ng order were: PE O 41 PC 0 18 )

v7v1duaP phospho11p1ds (PCf‘PE; and PI) present in the TL are presented

\\Tn Tab]e 2 Other phosphoT1pﬁds such as DPG PS, etc were present o

. . ‘ :
. - N l: ' . N

.‘” ~so they were used only to gain pre11m1nary sem1quant1tat1ve data 'An;p”_h; <
K accurate ana1x51s\\equ1red 11p1d recovery from’plates fo11owed by '
" d /

'gravimetr1c or’ co]or1metr1c determ1nat1ons Thus, it. -was. found tha1§w
A2

":Hxlthe tota1 11p1ds (TL) 1n raw potato represented 0.16%: on a fresh or

'_:O 65% on a dry WEIth basis. The1r compos1t1on is g1uen 1n Tables 2 and 7

L R -

. \ n

A maJor port1on (52%) of the TL- was 1n the phospho11p1d

‘_fract1on The pure phosphol1p1d fract1on e]uted from the s111cic

: ac1d Ce11te co]umn was further separated into 1nd1v1duaT phospho11p1d

fcomponents by TLC Th1n 1ayer chromatoéraph1c separat1on of potato 3

twater (170 30 20 5 v/v) is shown 1n Flgure 13 “The, Rf va]ues of

and PI\O 08 Quant1tat1ve determ1natfn\§zy phosphorus est1mat1on
:showed that PC was’ the ma}q; phosphol1p1

also present in substant1a] quant]tJes The re]at1ve amounts of 1nd1-f ;

»'on]y in trace amounts '~Thenefore, thelr 1nd1v1dua1 vaLues are not 1n-‘;;

éorporated 1n the tab]e, 1nstead the1r comb1ned content has been 1nc1uded

The relat1ve compositlonsof fatty ac1d mo1et1es present 1n

o

- ;7ese phosphol1p1ds are reported 1n Tab1e 2. PC the maJor phospho]1p1d
r

act1on, conta1ned most1y 11no]e1c (18 2) fo1loWed‘by pa]mft1c (16‘0)

.and 11no1en1c (18 3) ac1ds ' Sma11 amounts of stear1c (18 0) and o1e1c “"’

T

u“y(LB;l)\acxds were a]so present PE alsp contalned 11no]e1c ac1d as 1ts . .

Fo]]oWed by PE | PI was \fpi o

" g0
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RS Eigure“lz TLC sepa&ation of. MGDG and FiguAF 13 TLC sepnration of S R
?“‘_.n;., .‘ij;f DGDG from potato. glycq]ipids 8 potato pho§phol1p1ds L ‘;#v_{fz(

S\\ .- =7'MGDG and - DGDG = ‘mono-'and " - | PC, PE,. an SR
: ' digalact0§y1 dfgtycerides,‘ig,. ﬁwzﬁ phosphatidyl -cho11ne

SPANR 16 = ‘triglyceride; FS, SE = = .- ~-ethanolamine and ;

R {jU I frée and ‘esterified stero] RN A;inositol, respect've]y
TAU T ol SG.w steryl glucoside; '°'1~‘VJ‘+'. : fe o

v\

CESG = esterified . Steryl - . L ~f;f“”“QujL‘”<.J:
;, glucoside U = unknown }j“ }.'j1] 'A“¢Qf,'i"““"'




f‘3 Ga1acto11pfds )
| :’;, -'-,"t;.Th'??f'y.‘T:‘ - of

"";,us1ng the" so1vent system of ch1oroform acetone water

In th1s soTyent system DGDG rema ned c1osejt0r

ut-fpresented 1n F1gure 12

2 '1[ va]ues r@G O 18, unknown Q 30, and ESG 0 68 _

; '"’1n th1s so1Vent system the\Rf va]ues were unchanged
i ;

.

| V?are reported 1n Table 2 These 11p1ds were 20% of the TL by we1g
1ffﬁThe1r contents were arr1ved at by est1mat1ﬁ6/ga1actos
vh'hﬁ1p1ds The amount of each ga1act011p1d was determ1ned by ca1cu1at1on,_ffﬂ”f.wd'

A

"yaffmak1ng use of known mo]ecu]ar we1ghtSof these ga1act011p1ds / The f‘;y

L Eifd1g1ycer1des More than hatf was present as DGDG wh11e on]y one th1rd
?“was MGDG Measurable quant1t1es of polyga]acto%1p1ds were also revea1ed/77*f"' -
.S’f'by sem1 quant1tat1ve TLC and a]so,by quant1tat1ve est1mat1on<bf_"”' R

’», ysugar after ac1d hydro1ys1s S1nce these po1yga1acto11p1ds were not /

"'“-j_ character1zed any further the1r va1ue in Tab1e 2 1S prov1ded under :

. ol
g




. _”;chromatography 1n varlous sqﬁ, nt systems revea]ed the presenpe of

stery1 11p1ds 1n these fract1ons Ident1f1cat1on of stery1 ]1p1ds on

"produced characterlst1c red spots on a wh1te background for stery]

11p1ds G
Y

\
BN

Ny

;};:53;‘: _e'ste of:'he plate Further characterwzat1on of each stery] 11p1d”£;7h

o was done by 1so1at1ng the 1nd1v1dua]31j ds:and chem1ca11y analys1ngf

._,’

them fgr var1ous mo1et1es fhe FS fract1on gave a pos1t1ve L1berman-j,~}?;ﬂlhf"’?”ﬁ

;Burchard react1on (Ga1]1ard et a1 1975) The 1soTated ]’D1d of theM;

| ‘SE fract1on was subjected to aJka11ne hydrolys1s (by reflux1ng for“30}i__;




' “"5“:'_‘are ?*eported :ln TabTe 2 The‘s-e‘




condu Jed and’compared W1th potato steﬁo]s The base peak of

dwith that " of 's- s1tosterd1fk

”‘“~”;was typ1ca1 for each stero1 These

;;n aner p1ates (F1gur§ 11) by us1ng the doub]e development method of

| fﬂff[?s%ef No monor 0 “ef

f;idevelqpment was to separate the TG and the SE fract1ons of the TL

Deve]opment as descr1bed abope gave the fo]1ow1ng Rf va]ueseln

a

In sp1te of th1s, K%[i ;;;5":“, :

::if Freeman and Nest (1966%, In th1s techn1que the purpose of the secondfﬁtolng”fd.'

- decreasing order SE.0:885 TG 0.7 FFA 0.513 unknown 0, 32; ES6 0. 12 ]ﬁf”l-fﬂpiﬁff7f
‘and 56 0.02; "’ff*’jfiﬁif*- ?%3ff”<;fif”f="f*“'e€~'7*. f'";zf* : *1*7?*'ﬁ

;1n Fab]e 2 NL were onl”ﬂabout 12 13% by we1ght of TL Among them

TG was about 5% ahh}__A about 2% Un1dent1f1ed NL madp up the rema1n1ng
v1ycer1des were detected o ,’ ‘
The Te‘dv1ve compos1t1on of fatty ac1d mo1et1es present 1n

f;TGh's also reported 1n Tab1e.2 Th1s NL fractwon conta1ned mostly

of stear1c and o]e1c ac1ds were a]so present The TG had 74 4% of

po]yunsaturated and 21 8% saturated ac1ds Essent1a11y the

;;11no1e1c and 11no]en1c ac1ds, fol1owed by pa1m1t1c ac1d, sma11 amounts if?f'dV"x"'
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**Be]ow the detect1on 11m1t

a *As % of the tota] peak areas frpm gas 11qu1d ‘ RN
chromatography .“v_“ e h RIS w&wj';-“
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(2) dehydrat1on The resu]ts for the above two process1ng steps w111
be presented 1n the f0110w1ng sectton;g~*fb»"7°’ﬁ" " . '

1

11p1ds were st111 the maJor 11p1ds fo]]ow”

]TP'dS and. neutra] ]1P1d5 The fatty:ao1d C0mP051tionaj" &

11p1d fractJon are a]so reported 1n Tab]e 5 _

COmpos1t1on co]umns aTso appear to be very 51m11artt‘ those reported

.

for raw potatoes (Tab]e 2) In most 11o1d fract1ons,lthe_ma30r fatty

ac1ds were st1]1 11no]e1c pa1m1t”

2

gr‘anu]atwn 1s reported in Tab]e '6'.-;.__; .

neutral ]1p1ds

The re1at1ve composwt1on of 1nd1v1d'd










relatjve .compositi - val

ol1pwed by SE (22%)..
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contrary;*the'FFA“decreased'by 25%1from’thejrfinitia1_amount inxradﬁf'

\v;tuberf

The TL content of the fresh]y produced granules compared to ; o
\ R Vo

‘ i.the TL content in raw tuber showed a 14 7% 11p1d 1oss throughout the

’ajprocess (Tab]e 7) Th1s wou1d mea? an add1t1ona1 1oss of only 1 8%

’COmmenc1ng w1th the freeze thaw step up | to the end of granu]e

:';iprocess1ng However, a compar]son of 11p1d contents w1th the prev1ous s

el
e

the 1osses were ma1n1y 1n the. phospho11p1d fract1ons
fract1on wh1ch showed an 1ncrease in 1ts content was, aga1n, the MGDGV;in'f?"
"afract1on Thg losses 1n the amounts of most 11p1ds dur1ng these |
. ‘dehydrat1on granu1at1on steps appeared to be 1ow 1n sp1te of the fact;‘;dtfif"_de'
that the dehydrat1on step prOV1ded a m01sture vapor1zat1on of 73% of ;:'“.:" |

. the, mo1st mash 1oad 'v{? ‘p d-ﬂ;'“‘7'

'ﬁf 1-aﬁ Fatty ac1d ana1y515 shOWed that the cook1ng and mash1ng steps ff$\¥§i“ -

......

v

';'Jca sed on]y a s]1ght decreas 1n the sum of o1yunsatur ted ac1ds'~ Th1s
. *7 K J

_resu]ted 1n a sma]] decrease (0 24 un1t) 1n the'unsaturat1on rat1o of

T

'djTL (Tab]e 8) Th1s decrease cou1d not be ascr1bed to any part1cu1ar

<.f11p1d s1nce there was a non preferent1a1 reduct1on\pf 11p1ds "Of'/jﬁ

A\

| '“ﬁpart1cu1ar 1nterest was the f1nd1ng that MGDG 1n the cooked and mashed G

I e T RS S

f:tuber reta1ned 1ts ?;4g1na1 fatty ac1d compos1t1on and thus, 1ts h1gh gjif‘,*gg"

'tj;unsaturat1on rat1o
The fatty ac1d ana1ys1s of 11p1ds 1n dehydrateg po

7f{fgranu1es showed 11tt1e change 1n the unsaturat1on rat1o from that of t'él:f:.:ﬂn

- 'steam cooked mash 0n1y m1nor 1osses 1n most of the 11p1ds were

”observed It wou1d appear that d?r1ng the entxre process, the unsatur-;.'

”at1on rat1os wou]d undergo very 11ttﬂe change ' However the :‘-.,,

S .
Teon.
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B

H'fNL fract1on showed a substant1a1 decrease 1n 1t§ unsatuartron ratlo
AN

- rdur1ng dehydrat1on granulatzon steps, probab]y because NL 1n the ce11s
. \ _,( * . "‘F‘ .

v a:were not bound and could have bee§‘0x1d1zed dur1ng'dry1ng

A‘ﬁfwconta1n1ng the most unSaturated fatty ac1ds, e g y ga1acto11p1ds and

’;:iphosphd11p1ds, wou]d be the 11ke11est source of the prob1em.. Off---{

S g
‘v,wou1d also be great]y dependent on: ‘the 1ocat1on of 11p1ds 1n the

' Z;'Tuber LOX act1v1ty 1n some commerc1a11y grown A]berta potato cu1t1Vars '

‘] f' S1nce the unsaturatlon rat1os of 11p1ds 1n fresh1y orocessed
‘ I

'fgranu1es rema!ned very h1gh off f1aVor deve]opment 1n dehydrated

-f:rgranutes dur1ng any pro]onged storage or sh1pp1ng cou1d be a potent1a1

“.prob1em In 11ght of the results g1ven, any of these 11p1ds conta1n1ng

1

' g.funsaturated fatty ac1ds cou]d produce ranc1d off f1avor, however,»those‘v

d‘f]avor deve1opment as ‘a resu]t of ox1dat1on of unsaturated fatty ac1ds

'f'iprocessed products 1 It wou]d be equa11y 1mportant to know whether
L ) 3 .
’-proce551ng had brought about any spat1a1 rearrangement in the 1ocat1on

of 11p1ds or 1bp1d conta1n1ng systems from those present 1n raw tuber

T

2-.fD. Fnzym1c Breakdown of Tuber L1p1ds :
Homogen1zat1on of potato tuber at room temoerature or even 4°C

‘_'br1ngs about a rap1d enzym1c breakdown of phospho- and ga]acto].p1ds

. :15 presented 1n Tab1e 9 The crude enzyme act1v1ty d1d not correlate
( .

' j-f‘,w1th tuber spec1f1c grav1ty | High enzyme act1v1ty was reta1ned at 0 C

'-{fh (F1gure 14) A decrease from pH 7 6 to pH 7. 4 brought about a 5 fo1d Ef,f

.

. .even. after 1 week wh11e a- sma]] decrease 1n 8%t1vmty was obta1ned w1th

room temperature storage of the extract ThefLOX pH response curve ;‘.!" -/

hrevea1ed an opt1mum act1v1ty at pH 5 7 and no act1v1ty at pH 8 0

7'1ncrease 1n enzyme act1v1ty, wh11e decreases tq pH 7 2 and 7 0 gave
B s PRI
- 15 fo]d and 20 fold r1ses, respect1ve1y The remarkab]e enzyme act1v1ty SRR
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Ceow o Figure 14, -;The effect of pH on potato 11poxygenase :
T (L) O F activity at 25%.C. DRy
w701 M buffers. used: Na—acetate (pH 3 O-es 5) S
K~phosphate (pH. 6.0-~7 25)," and
_Tms c,hlorldé'i(pH 7. 5 9 5)




“‘*f‘jth1ol 1nh1b1tors

‘””:f1df1nstead of S; press1on The enzyme was unaffected oyn;yanide

T -7f}mercaptobenzoth1azo]e (Tab]e 10), 1t was used throughout the study

.;n;hf\ .
>iff”¢gradua1 dlsappearance of phOSphO- and ga]acto11p1ds After 10 m1nutes,

'drfxf;:the homogenate was pract1ca11y depleted of MGDG and to‘a_fess_‘;

'*.ffﬂof phospho11p1d cons'

{fQ:fhomogenates kepv‘fhfﬁ

99

v 0 ﬂ”f.,;fwas found 1n:ehe range of 15 35? These_reSu]ts
ﬁ?g;hspggested that buffers of pH 6 7 7 4 wou]d not b su1tab1e for

2 mM d1th1on1te broughh aboux énz me act1vat1on'”'

the'presence of

<.

TLC of 11p1ds extracted from tuber homogenate 1mmed1ate1y,zﬁli;ff;:,*5

:'t5 and 10 m1nutes fo]]ow1ng t1ssue honogev'za”f n at 0 C showed a

gﬂ_:heimost suscept1b]e torhydro1ys1s was“:*' .

';: ase 1” the Content of FFA when homogenates.were Drepared 1n buffer of ;?rﬂﬁ_vf

::“pr 7 8 or 1n cbntent of hydroperox1des_,gonJugated c1s trans A

f }:‘—235) when prepared 1n buffer of pH 7 2 No monoacy] ga]acto]1p1d

"|5?-1ysophosphol1p1ds, phosphat1d1c ac1d or mono— or d1glycer1des cou1d

i ‘ "1: be deteCtEd

‘ ﬁ'};when pure phospho11p1d fract1on was used wh11e 1ts ga1acto11pase

-

Potato tuber phospho11pase act1v1ty was SUppressed by 60% -jfﬁ{if;_‘?




L

Na sul ﬁte . . '-l{i_- . o“;,*

Na 2 mercaptobenzdth1azoleﬂ7ffe s[ff.:; ‘{.37}6f5?

*The enzyme extract from potato tubers, cv Netted Gem

s

{

."'Tab]e 10 LOX activ1ty as affected by some common ;
. L 1nh1b1tors added to enzyme extractlon med1um*v:

- -.'j"_' -~

:7;f,;<:' | Enzyme act1v1ty

Na—metab1su1f1¢e :g_vgffﬁi*ffi' {F?fzxi?"‘l1 O‘ﬁfted

Na d1th1on1te

Na cyanIde | ﬁ) :ff'df‘g'i' vﬂ}fﬁd;}:ﬁif}]i3 Jj”‘f1if'7

Cyste]ne hydroch1or1de‘ﬁb_; e 0.8

n”efﬁp chloromercur1benzoate (PCMB) U Jf“ididlséégnl

. For extract: preparat1on and\1nh1b1tor 1eVels see
Exper1menta1 Contro] va]ue. no"1nh1b1ter) 11 0

U"; L




: ‘")gwas obta1ned at,70°C after 25 nutes

' g-;‘..‘

T“fftact1v1ty wa's suppressed by 36% when the g]yco]1p1d fract1on was used ,
L it;as a substrate (Tab]e 11) The h1ghest 1nh1b1t1on, 60 70%, of ;]f’
' ""‘act1v1ty was observed w1th pure PC and PE a moderate suppress1on w1th

n'7»pure DGDG (47”), and sT1ght1y Tess w1th MGDG (36%) Neg11g1b]e ﬂij"':

»Jﬁj.ehzyme act1v1ty way’found w1th pure steryl 11p1ds and TG as substrates, ‘dj.fktit

,ﬂ":and th1s act1v1ty was reta1ned 1n the presence of nuperca1ne

Effect]ve suppress1on of LAH act1v%ty was ach1eved at 50 uM

’5f'1evels of nuperca1ne' Increas1ng the TeveT up to 450 uM d1d not o f?_:

fiﬁtresult 1n add1tqona] Fuppress1on

The effect of temperature on LAH act1v1ty was recorded w1th

';‘PC as a substrate' The act1v1ty reSponded to 1ncreas1ng temperature, :

‘”':.w1th a 010 c]ose to 1 8 found between 15 35°C Comp]ete 1nact1vat1on

As seen from Tab]e 12, an. 1so]at1on procedure app11ed w1th

':{:ZHO precaut1ons aga1nst ]1p1d breakdown and comp]eted w1th1n 3 hours,

"Jd_brought about average Tosses of 18 97 of phospho]1p1ds, 30 2% of

i

H"glyc011p1ds, and on*y 2 5% of TG seTected as a marker for the NL
'"fhf‘efract1on Nhen the procedure was repeated 1n the presence of nupercalne
{‘;the Tosses were ]ess by an avenage 60% for phosph011p1ds and 35% for {,1{‘““

"f;rdglyc011p1ds, wh11e TG was unchanged These results proved that a

“‘;gs1gn1T1cant d1ffFrence ex1sts in: rates of5breakdown between free and
B membrane bound T1p1ds in: tuber homogenates,”and‘that onTy a port1on of

‘lthe 11p1ds is | read11y access1b1e to. enzxme attagk ’wh1ch, as ref]ected

"v.nlby the extent of suppress1on by qppercafne, s1mu1ates that on. the

"'f?ffree 11p1ds



R "'*EnZyme substrates used were pure 11p1ds 1solated from potgto tuber. cv.;ﬁfﬂtﬁ7§“ -
~Netted Gem ‘ ST T Sl oo " R v DL
~’**The ‘enzyme act1v1ty was fo11owed over a 15 min - per1od., Incubat1on of enzyme qdfﬁ:f?
' extract for up to 2 hr w1th nuperca1ne d1d not resu]t 1n further suppress1on et

LU R i““

[ oTable 11 The effec" Oﬁ nupercame on COUP‘P—" LA”‘L"X “”‘”t’

o, R :
wleT P

Ve

'tff: ffipid_édﬁgtraté*" i

S S

Enzyme act1v1ty (Oz-uptake, nmol/m1n)**

Nuperca1ne ,-‘

0m1tted : Added

:tj‘Suppre551on

[SL I

' AR .Pc -

I b . 4

| lllim 1 S ks T

'flfi;gﬁfj;;;i;-~’

__ :.4{.. o 600

BT
Vi

- : Ceeee

;‘ _’;',4__.:'0.‘;__ o :

700

3 RNy

jtft35,;5i¢




v',i Tab\e 12 L1p1d lesses.durrn"’“
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kh*?ffftlp1ds tota‘ ,'3ff§§ifi,,i?6314”fﬂ;'77~f;?21;35:*;,ffi-f?{i,8,}ﬁff‘j?f';”‘ :

' "ﬁﬁ*Starch SRS e e

[ 'L_oss:, _ ‘_-‘ L

'i_'*No precaut1ons were taken agalnst eniym1c 11p1d breakdown Iso]at1on was
.compléted w1th1n93fbr dn-a’medium »TRIS C1 buffer pH 7 2, conta1n1ng
0 4 M sucrose an 4'mM Na su1f1te. T ot S




=exam1n1ng proper_y“procéssed sectaons through a ce11 of potato tuber

'under a transmlss1on e1ectron m1croscope A 'A' oeT
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 Figure 17. -Transmission electron micrograph ‘of amyloplast . -~
‘el o0 0 (starch. graind membranes.,. showing starch grains (SG) -
.and their. membranes "(saM). Cytoplasm (C) and'a.. . ’
~mitochondrion’. (M) are’shown. "~ = . .-
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{ Figure 8., Transmission electron micrograph showing higher - =
.o x " magnification.of amyloplast. A starch grain (56),
~ oo .. nlts membrane (SGM), vacuole (V) and-its membrane (VM)
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> Iransmisston electron micrographs of: peroxisomes. . ..U

o Peroxisomes (Px); cell wall. (CW), ‘cytoplasm-(€), . "~ - . ..

e we Ta\lipid body (LBY, nftochondria (M), placmalemns Vo
TR TS PRSI (PM), vacuole (v). and-sits membrane (VM) are .Shown ,
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'f,Figqééléo;» Transmiss1on eTectron micrograph o'“a 11p1 body. \'7ff ";;
A 11pid body (LB), cell wall (CH) and pla a1emma -':..:" .
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.:fFiéu}ef21.f Transm1ssion electron micro@?aph of 1nterceﬂ1ular*
~ 7. ‘space. Intercellular-space (IS). mjddle 1ame11a-
AT .,li ~_mj‘ML‘) gpd cell wall (Qy),are. hown.vi S
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oked potato cells.
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n e]ectron-micrograph of‘a secti
LGelat1nized‘s tarch.
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A”7T,The ceTT WaTT aTso appeared to be sonTen or geTTed 1n pTaces, wh11e”
?aTT the cytop]asm1c structures were Teft as - denatured masses of E
.£7:r1ndef1n1te shape Ty1ng between the geTTed starch and the ceTT waTT
*ﬂ'"The geTT1ng of starch and ceTT waTT structures appeared to have
' ‘sandw1ched the denatured cytopTasm1c mater1a1 as a membrane T1ke;.
'-i:boundary around the geTTed starch It 1s ev1dent from the agove

eTectron m1crograph that, aTthough steam cook1ng had not resuTted 1n

’tffceTTUTar structures and probab]y,_the1r const1tuents The sonTen,;p‘;fo

e

K ,geTTed starch d1d not appear to conta1n any 1mbedded ceTTuTar ?;f%af}ﬂg
. BRI

= 'const1tuents These phymco-chem1ca1 changes 1n ceTTuTar structures z ‘ \;ff'

..:-by steam cook1ng rendered any d1fferent1at1on of ceTTuTar membranes
”ivery d1ff1CU1t and thu 11m1ted the usefulness of transm1ss1on . f{‘?“ .

"Tf;;fe1ectron m1croscopy for s[ud1es of subsequent steps of process1ng

v

“~

j —
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ceTT rupture, it had substant1a11y aTtered the spat1a1 organ1zat1on of

3

-Z»l..t.

The above resuTt

..,

og,feTt that 1t woqu be usefuT to determ1ne the s1ze d1men51ons of some

f{these ceTTuTar membranes and organeTTes Th1s 1nformat1on coqu

i*rx,es.separated by a T1ght T1ne, thus possess1ng a so caTTed un1t

{_ »structure 1n wh1ch the two dense 11nes woqu represent osm1um,_;;,,aw ,
» q;f1xed prote1ns, the the 1nterven1ng space wou]d be occup1ed w1th the

( :JTOng chaln fatty ac1ds of the’ T1p1ds The s1ngTe un1t membrane occurr-~”

‘*.;'wh11e that of pTasmaTemma was close to 80 A w1th the 1nnermost T1ne

N

A

prov1ded a genera] p1cture of var1ous ‘~‘;ff o

©.

S
: ‘\‘

"ffmorphoTog1caT structures in potato tuber ceTTs. At th1s po1nt _1t was‘;;{ftﬁ*f

";"7L7fhave 1ts bear1ng on the nature of membrane const1tuents or’ T1p1d spec1es{ff.'f'*~

ys - aTT the T1p1d conta1n1ng membranes woqu cons1st of two idT.f*":“ o

,af1ng around vacuo]es (VM) was determlned to have a th1cknesslof 82+15 A ufhi“]f_f

fac1ng the cytop]asm1c Jatr1x be1ng 28+7 A the 1nterven1ng space T__f;‘jlfﬁy

l ' N .. ' v‘. A‘
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"’em1tochondr1a had a th1ck outer membrane of 45+10 A

-»ﬁ;t around the starch gra1nsof|natured tuber cou]d not be eas11y reso1ved

e The. membrane structure showed ev1dence of d151ntegrat1on, w1th some ,7lf{?:;ﬁtgf

\.-"

and a th1

if:imembrane of 30+9 A Thewakrage s1ze of m1tochondb*‘ﬁwas 0 90+O 24 pm T

"iﬂ1n 1ength,‘and 0 67+D 18 um 1n w1dth A doub]e untt membrane structuréi&5g7"”.

A
L L

:tfgth1n 1ayer§'apparent1y peellng away from each other Such a membrane R :

5ff[had a th1ckness of 199+59 A A populat1on of peroxisomes, sma]]

: _hgspherlca1 un1ts, w1th an average length of 0 78+0 23 um and w1dth of

11;;}0 64+0 09 um (a size c]ose to that of m1tochondr1a) had only a s1ngle flﬁfdff*:t

'.f‘dun1t membrane structure wh1ch was 67+12 A th1ck

.f’;f'z Prox1mate Nature of L1p1ds Assoc1ated w1th Cellu]ar Components

R \
‘Q“of the 11p1ds For this purpose transm1ss1on electrbn m1croscopy

"‘?;;w1th so]vents of known extractxon character1st1cs Extract1on Of a

"”v From the resu]ts descrtbed 1t 1s ev1dent that a potato tuber :

ce11 contalns membranes and organe]]es wh ch conta1n “:p1d const1tuents;“i:k;z_

(‘A nove1 exper1menta1 approach Was used to recogn1ze the 1n s1tu nature i;ﬁ

'“’was done after a ser1es of se]ect1ve thract1ons of ce]lu]ar 11p1ds

g Y

/

'5-”‘f_part1cu1ar type of 11p1d w1th a spec1f1c solvent wou]d render characteaﬁ]gff”:;-

."A;;used are. prov1ded 1n'
'”7f7:m1crogranbs (thures 23 a &“b) prepared after treatment of t1ssu'%

s jfv:w1th‘petroleum ether a nonpo]ar so} mt wnt‘

-ffzr1st1c changes 1n that membrane or organe11e where 1t was prTmar11y

‘f’;present;, The va1ues of d1e1ectr1c constant. 6, Of the 5°1ve"t system

“1e 13 to show the1r e]utrop1c nature E1ectron




| ‘”PQ7D1ethy1 ether_{;ig;;;-j”" 434

"_f;Ch1orefonm,meth ol . .

LR T e :
.,l;Butanol:. R 0 17.80 w20 0,300

Ajzglfeﬁ .,%v,j‘_;’f;‘{?;e;p._ﬁ;.'”¢-;}"%j‘kﬁ*\”*'.;' S
_:Acetone }g;f;':Q;ﬁ“;fljfg;'ﬁzo'70‘”-f3':ﬁ5fv2§'5iﬁ :

'TEthano1 .”fjef'[‘};leiél;f24 30;75f.ﬁﬂ,'ﬁf55;[5f}’\'“‘ 0.

temperature coeffic1ent (of”fhefdieieetkitﬂéonsteﬁt};gff j”*{;:v |

y Hdbkff»h & Physy, S5 Ed., 197475,

g




fransmission electron m1crogr~aph of peroxisomes
reated: with: 0] umfet_her p
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} 1h~conta1n1ng membrane

systems, such as those of perox1somes, plas alemma, ce11 waI]s and

11p1d bodqes, wh11e other membrane systems' such as m1tochondr1a and

'”Tif‘ endop1asm1c ret1cu1um were not affected as‘_:ch suggest1ng the po}ar';;jjéfgiiff
th acetone, a poor FRT R

’ .
nature of thevr 11p1ds Extract1on of t1ssue
phospho11p1d soTvent,vresulted 1n e1ectron m1crographs (flgures 24 a.

'.'how1ng a comp]ete wash out of 11p1ds around amy1op1ast membranesf‘;iﬁgﬁ,tt)

and'those of perox1somes,-ce11 wa11s and 11p1d bod1es . In

this v”J, SEREIR

0" ,g.'_' VT B e

'plasma1emma'was mostly deformed,»and the m1fochondr1a1'membranes were

"v_ﬂutent Acetone;treatment would probab]y d1s1ntegrate ce]]ular

structures conta1n1ng other 11p1ds, such as phosph011p1ds, 1f those e

: structures requ1re a comp]ement of g]yco- and neutra] 11p1ds for norma]

:Hfﬂs membrane monph0109y . Th1s wou]d exp1a1n why many of these membrane

structures conta_.kﬁ:;:

11p1ds |
d?gég:‘_ﬁi saturated w1th Water, produced e]ectron/m1crographs (F1gures 25 a & b)
;iij,qffff' in wh1ch a]] the cellular structures were completely d1sorgan1zed

So]vents such as water-Saturated butanol, ch]oroform-methano] (2 1 v/v)

1

methanol ethano] (1 1 v/v) produced s1m11ar k1nds of ce11u1ar d1s1nte-ud

. u>grat1on A complete d1s1n4 grat1on by these so]vents of structurés hf?f ca




Transmission e1ectron micrographs of potato
t1ssue extracted‘r withacetone. -'-Starch gra'in
2(S6), vacuolar membrane (VM), cytop'lasm (),

'-'_a]l (cw) and’ m1dd1e'1ame11 ‘ ‘
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5?3111g1d components of eac ‘4_3“

) :4§of such ;,

__:]Lp1d compoj nts of thesé'11pomenbranes The maJor ph”'pho]1p1ds ?T'f"

- -

'”79;1;;0f ga]act011p1ds, and 1t also conta1ned s1gnif1cant proport10ns °f SG.

'ﬂf? ﬁf.qand ESF The NL 1n m1cr030mes was 1dent1f1ed 1n néar1yfeQUa1 prop0r-*5~'1:
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.in_~;fatty ac1ds The composy;1ons of fatty ac1ds in. the TG and FFA

liathe reTat1ve abundance of each chaln Tength

S

'.t1ght1y coupTed (re5p1rat1on contro] rat1o, r.c.r. ; in the presence )
T“'of succ1nate was 3 2 3 4., and ADP/O rat1o Was 1 3), appeared under the
' m1croscope to be contam1nated to a great extent w1th other membranes,

: 'l-ifcell wa]] fragments, and plast1ds conta1n1ng t1ny starch gra1ns

— Extens1ve sucrose grad1ent pur1f1cat1on 1ncreased the r. c. . _to near 5,

fh.m1crographs, had a. homogeneous populat1on of 1ntact organeTTes, wh1ch

3\T*were 1dent1ca1 to those qn m1crographs,of d\Dce et aT (1972), and

_'compos1t1on of the preparat1on 1s g1ven in Tab]e 15 L1p1ds 1so]ated
"?_from mxtochondr1a showed a VeWy h1gh proport1on of phosph011p1ds
-T:M1tochondr1a1 phosph011p1ds were ma1n1y 1n the form of PC and PE
7hkM1tochondr1a also conta1ned a s1gn1f1cant proport1on of DPG, as we]] as:
',nsome PI but reTatlveTy smaTT amount of g]yc011p1ds _ The NL of
_Tfm1tochondr1a conta1ned most]y SE wh11e FFA and TG were present as'

';m1nor components

v - S A . . ,

the acyT T1p1ds of th1s or any other membrane 11p1d Thus almost

ﬁ'90% of the—aCyT m01et1es of th1s 11p1d fract1on were unsaturated ﬁi";

.fract1ons of the NL also showed d1fferences from the othen,11p1ds.in.- :

1|:v5' (11) M1tochondr1aT L1p1dS ;;éf?'

:'.
R T

i M1tochondr1a 1so]ated by d1fferent1a1 centr1fugat10n though

I

g

+

faN

:~and the ADP/O rat1o to 1 7. §uch a,preparat1on,‘as shown by - e]ectron “

’VMcCarty et aT (1973), and appeared de<z1d of contaminants The T1p1d B

-

A

AnaTys1s o;\the fatty ac1ds in the m1tochondr1a1 TL showed

‘5f11n01e1c ac1d.as the mdSt abundant fatty ac1d foT]owed by pa1m1t1c

“ald
R
.

v’_.._. —\..,‘
S c o

. and 11no]en1c ac1ds The maJor phospho]1p1ds, PC PE and DPG contamne';:

’ “a11nole1c ac1d as the1r maJor fatty ac1d component They, however,lgfﬂf“

121
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S ] \ S e
LR T e R
d1ffered cons1derab1y An the reTat1ve compos1t1on of the1r m1nor v;jll,-,n*;i; PR
e fatty acwds (pa1m1t1c and 11no]en1c) , Fatty ac1d mo1et1es 1n ‘the TG -
| and FFA fract1ons 1n m1tochondr1a showed s1gn1f1cant1y h1gh propor-f‘7
v . . . X s R .‘;.‘.

t1ons of stear1c (18 0) and oTe1c (18 1) acids.

”(iff)' Perox1soma1 L;p1ds "

; !,f;’e}:i-f;ivl‘l The- compos1t1on,of 11p1ds present dns peroa1somes 1s reported ,' 'f-:};\,
, f‘. \.}_T]a f' in: Tab]e 16 These membranes contaqnﬁd ma1n1y NL The poTar 11p1ds ,4: "'ii; ' f;p
| '_. 'n'” N (phospho- and gTyc011p1ds) were present 1n sma]]er quant1t1es than in J | |
Tvtlthe other membranes The predom1nant component of the NL fract1on was:
'HTSEz Other NL 1dent1f\ed as m1nor components were FFA TG, and FS
These resuTts c]early show that the 11pomembranes of perox1somes wouldrnﬂ“A v
| S be ma1n1y neutral in nature ;["j“’ 5;:*,‘: T' f-hv ;1:,- ff" iA'vt:"yd}E\wgs"“
R e ] .M'__.“,(J S
Fatty ac1d ana]ys1s of the TL of these membranes (Tab]e 16)
i:[‘hi! “fshowed the predom1nance of 11no1e1c ac1d fol]owed by pa1m1t1c, oTe1c 1_

14

.-f11nolen1c and stear1c ac1ds

“§f_‘f nf f . (1v) P]asmalemmal L1p1ds

The comp051t1on of 11p1ds 1so]ated from"'

"pls reported in Tab]e\17 These membranes were r1ch 1n poTar 11p1ds,» L

\5:3,_“11f”p: ;;; matnly 1n the form of phospho— and glyco]1p1d5.” The maJor phOSph011p1ds P
E Wi;{Present were PC and PE ' L1ke m1tochondr1a1 membranes, pTasmaTemma lyi, i,f'lv” o
Timembrane% conta1ned a s1gn1f1oant proport1on of UPG but d1ffered .‘“ S
e ;-;cons1derab1y in the relative proportions\of other phosPhol1p1ds FPI:'”F:f.T’3l§f§l§
: ‘.filwas fopnd to be a m1nor component of p]asmalemma] phosph011p1ds 1iThe'ih"i
3%51 » “nglycolfpad make up of theselmembranes appeared qu1te d1st1nct from thk//}dtfi

’”'?fiiother membranes ESG was. the most abundant g]yco]1p1d Another

/

fid1st1nct feature of the g]yc011p1ds of these membranes was thg heytv; '
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“‘ffiAna1ys1s of the fatty ac1d mo1et1es present 1nhp1asma1emma ;T;Qtf;- o

.‘:.

{,membranes was done only w1th TL Thei :*;ds of p]asma1emma membranes

aﬁt;égéiconfalned t1ndTeft and‘patmrtmc'aetds -35. thear maJn fatty ac1ds, but

4.."4--"' 3 ,l,'... ,.~‘-¢ -A.. RIS
g - -\».".

'“f{§substant1a1 amounts of m1n0r c0mponents, such as 11no1en1c and stearic f:'”l”ﬁ;**?-”f;

| fac1ds,_were a]so preSent These resu]ts showed that the re1at1ve T;?br’“

?753j'ffcompos1t10n of*the fatty ac1d'present i plasmalemma membranes was,:dﬁi
. 'l;fun1que and d1st1nct1y d1fferent from other membranes iqpfulf{jmiv‘jﬁ T

Tae

<hoLT "'-e. R

o B o)

ﬁfl?ftf*.::c;‘i( ) Amy1op1ast (Starch Gra1n),L1p1ds ffff"‘““'
The 11p1d compos1t{on of amy1op1asts 1s reported 1n Table 18

- - *(.' / 1R L

;ifThe content of phospho11p1ds, w1th PC be1ng predomxnant was 16 3% of

'?J$jthe membrane TL L1p1ds of the g]yco11p1d fraction were 26 2% and

.
it

2*:fwere enr1ched 1n ga]acto]1p1ds NL.were the ma1n const1tuents of this f&{{}iff'

2;'J;;fract1on, wh1ch had a- h1gh content of stero]s, the free non ester1f1ed ffiﬁ L

N ;form be1ng predom1nant : However, the h1gh content of FFA and the1r

L

‘Th_ox1d1zed forms suggested that a1' the precaut1ons 1n amy1op1ast

"Qﬁ}t\ff?preparatlon stw]] had not prevented enzynnc 11p1d breakdown‘v Also, -;V}hf;ffpgihgfﬁf

’T:dur1ng the 1solat1on of the amy]oplasts, the starch graln membranes

M"cﬁétcould have been exposed to aTr and 0x1d1zed

The fatty ac1d compos1t1on of amylop1ast membrane revea]ed an,y-fb_ff v

asy;*-: }unsaturat1on rat1o (UR) of 1 4 for the 1arge s1ze gra1ns, the ’!félyfi-gaﬁ-n
predom1nant ac1d be1ng 11n01e1c followed by pa1m1t1c, 11no1en1c,»t~ :5U'f"

. ”“"steaq1c and o1e1c ac1ds However the fatty ac1d composwtlon of

'. extens1ve1y degraded membranes, obta1ned by gra1n grav1ty sed1mentat1onifL&”-”’

e . . - o . - :
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(vi) Ce11 wa11 L1p1ds

4iff§“ The 11p1d compos1t1on of ce]] wa11‘1s reported 1n Tab1e 19

JﬂfffNL “were the maJor const1tuents of ce11 wall Among them SE was the

‘ 7:§;predom1nant component at 40% of the TL TG and FFA were other f_f]i"wiﬁ,fif»f{.'

S fﬁprom1n€nt components of the NL Bes1des these NL d1g1ycer1de was

“?ﬂ:cellular membranes The maJor po]ar 11p1d of the ce11 wal] was ESG

| ,;’fflevels of MGDG as compared to DGDG

lﬁﬂaTso 1ﬁent1f1ed 1n measurab1e quaﬂt1t183 1” the 11P1d5 Of the cell;

§7wa11 Polar 11p1ds (phospho11p1ds and g]yco]1p1ds) were:also deteéted é;}fifke-;}ﬁ

b.n

'ff1n cell wa]] ]1p1ds, but 1n great]y reduced amounts re1at1ve to other ,'»1rr"

Tele

fff;wh11e ﬂI PC, and PE were present in: a]most\equal but{sma]]er propor—=fﬁ17’

"fpft1ons Another d1st1nct feature of the ce11 wa11 11p1ds was h1gher jfi R

Ana]ys1s of the fatty ac1d m01et1es present 1n the ce11 wa]]

:gfacyl 11p1ds a]so showed a comp]ete]y d1fferent make up than any other

Lo

{?f’ce11u1ar strUCtures The maJor acy1 mo1ety in the ce]l wa11 11p1dsii:;t“ ]

‘pras pa1m1t1c ac1d (60%), however, there were substant1a1 quant1t1es;;_:;;gf Qﬁf‘f£7Tﬂ
L of 11nole1c, 11nolen1c, and stear1c ac1ds’\Lo1e1c ac1d was a: m1nor“”.

‘~-component
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'i"_:"'-:Tab1e 19 L1p1d tompos1tlon of potato tuber ceH wa]]

pFEparat1ons FREY

© Total 1ibidf(m9/§v¢L1Tiwéil?df&f@éfiékT§3§08*;,1”;?;.ri ST

. .
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thDGDG and MGDG The steryT T1p1ds 1dent1f1ed were FS SE SG and

'5';115and T1pomembranes » They were r1ch 1n po]yunsaturated fatty ac1ds

Aﬂ_pa1m1t1c ac1ds Stear1c and oTé1c ac1ds were aTso present to a

f;amake up of these ac1ds The gaTactoT1p1ds

- -. Y

component of potato tubers The cu1t1var 'NettedaGem conta1ned:paf ;j-~'f"‘“

0 65% T1p1ds on a dry we1ght bas1s ;ff_jhj_ fﬂ;{f”t"?A_"‘?fg_:Jf_J-T;:

The maaor 11p3ds found were phosph011p1ds, folTowed by ‘i'"

o .iﬁalact011p1ds, steryT 11p1ds and NL The maJor phosphoT1p1d was PC, "

;fffollhwed by PE and PI GaTactoT1p1ds were found to be predom1nant1y3h |

7

w;fprSG NL were onTy m1nor const1tuents of potato T1p1ds, wh11e TG _'i‘w
"f:f;was the maJor component of th1s fract1on The predom1nance of poTart
T11p1ds (phospho- and gTycoT1p1ds) in- the tuoer is: an 1nd1cat1on thatp_fug3"'

'-‘eituber ﬂ1p1ds are pr1mar11y structura] e]ements of ceTTu]ar organe]les Q

_/;-

Potato ]1p1ds contalned mostly 11no]e1c T1noTen1c, and ;/TV'ff SR

7

/"

L Tesser extent Bas1ca11y the same comp]ement of fatty/aCIds was

I

'nﬁfpresent in aTT the T1p1ds cTasses, but each had 1ts character1st1c

MGDG and DGDG conta1n1ng J

“h*f”;predom1nant1y 11n01e1c and J1noTen1c ac1dsfizere the most unsatu-
‘ “ﬂﬂ_°rated potato 11p1ds On the other hand the steryT T1p1ds, ESG and fﬂ.;ﬁ"
CSES wh1ch were composed ma1n]y of . pa1m1tyc ac1d were the most ‘ffff"

'5iflisaturated potato T1p1ds -f]_j.;hdj{':pfg‘3Lf_"‘

The steroT compos1t10n of steryl T1p1ds was estab11shed by

*'TQEgas T1qu1d chromatography coupTed w1th mass spectrometry Thett"f

presence of choTesteroT, st1gmaster01 and B s1toster01 was conf1rmed
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'dtihfzby their character1st1c gas 11qu1d chromatography retentlrn t1mesv¥f}“tf]f?f7t o

'f“and also by the1r character1st1c mass spectrometry fragmentat1on ﬁ'fff”f‘f7i7ff
’ ) ,_--.:]. LI
L S B Y o I .

The relatnve amounts of 1nd1v1dua1 11p1ds d1d not change

d“?'h]5s1gn1f1cant1y dur1ng process1ng However, the1r abs91ute amounts

. {fdur1ng the steam cook1ng/hot mash1ng step Th1s 1oss was ma1n1y 1n."7‘

2»};¥the phospho]1p1d fract1ons, PE and PI were the most affected 11p1ds

“fwere decreased substant1a11y durlng process1ng, the maJor 1oss occurred

d

'"However the 1oss of var1ous 11p1ds was not accompan1ed by an - 1dcreaseifif:f:’7::ﬂ

",;1n the content of FFA ' 0n the contrary, the FFA decreased substan--7u

-

‘J'.ft1a1]y Th15 f1”d‘"9 W0U1d SUQQGSt that the 11p1ds were 1ost 1n T

\'g»;;c00k1ng as . a resu]t of enzymic hydro]ys1s and degradation, and steam--fft"d

'33>fd1st111at10n of 11p1d breakdown products, s1nce pure TG and other

“ﬂf;and/or mash1ng 'ff_’hffyisa?jj; {f;ff'“k*”z'””

L&

'§3f11p1ds were not dlst111ab1e under s1mu1ated cond1tions of cook1ng

U

The re]at1ve fatty ac1d compos1t1on of TL only changed

: '174511ght1y durang processing there was a s}1ght decrease 1n 11no1e1c ?”7'

"iy”ac1d accompan1ed by 2 sT1ght 1ncp2ase 1n stear1c and pa1m1t1c ac1ds

f;:Thus, there was on]y a s]1ght decrease in the sum of the po1yun-t-'3‘:'

‘ffgtsaturated fatty ac1ds A1so the fatty ac1d compos1t1on of the aCyl

'°__311p1ds 1solated by TLC d1d not change to any sign1f1cant extent dur1ng,‘}l}fﬁf?fh5

*“process1ng 1nto dehydrated granu]es Hence, the unsaturat1on rat1o

of 11p1ds 1n fresh]y processed granules rema1ned very h1gh so off--vLifflf&

.';if1avor deve}opment 1n dehydrated granu1es wou1d not befsurpr1s1ng

In- 11ght of the resu]ts,‘ga1actol1p1ds and phosphol1p1ds, wh1ch

T T £



.?7ng}of the~ prob1em

)”*f-ifconst1tuents and fatty ac1d compos1t1on dur1ng granu]e prOCess1ng

1“>74fa*'by a freeze thaw process was presented 1n th1s study The fund1ngs

el \- »**,fﬁﬁgﬁj :
-'”,_of the phospho]1p1ds Negl1g1b1§>c_anges were observed among stery] RS A

7¥f313t]1p1ds,:and on]y sma]1 diireases in PI and TG S1nce monoacy]

ffﬁf_fto be precursors of ranc1d1ty 1n potato products

“‘factor 1n 11p1d oxldat1on and degradat1on

: ”l{;;TCOnta1ned the most Unsaturated fatty ac1ds wou]d be.the maJoqi;?bﬂm

A comprehens1ve study of potato 11p1ds and changes 1n the1r o~7'V”wl“ -

BEaN

Vt’cou1d be very usefu1 to pot;tb proCessors, s1nce 11p1ds are hpown ". g

It was suggested that env1ronment was often more 1mportant

‘ waor autox1dat1on than 11p1d cobpos1t1on (wa1ter et aT ﬁ972) Hence,.;

1

'Tﬁristud1es of 11p1ds extracted from tuber homogenate that MGDG was most

z”f“suscept1b1e to enzym1c hydro1ys1s' much more so than DGUG and most

B

:Tﬁﬁfgga1actol1p1d 1ysophosphol1p1ds, PA or mono— or d1g]ycer1des cou]d

"7'fﬁnot be detected 1t was conc}uded that phosphol1pase D act1v1ty 1n ﬁ}f3;*5~ﬁ?"'”

"i”fffphosphol1pases A1 and Az and gaJac pase) and LGX’were Jo1'“t““° g

'523;fHence compos1t1ona1 data on 11p1ds of tuber membranes and subce]]u]arfg

' ?f.jpart1c1es are h1gh1y unre11ab1e unless 11p1d ana1ys1s was perfonmed by:;§,d1;ﬁfﬂi

-‘ﬂ;tuber homogenate was ]ow or neg11g1b1e, and that LAH s (compr1s1ng

o ;]that nuperca1ne ndt on]y suppressed phosphol1pase;b

7:’f{;ga1actol1pase act1v1ty as we11 i“}’ EREN

;51nv01ved 1n 11p1d destruct1on Nh1]e LOX w?s suppressed at PH 7. 8

”ogﬂand in. the presence of mercaptobenzoth1azo]e LAH s Were unaffected

wy

:but a]so 1nh1b1ted

It was observed from pre11m1nary thln-layer chromatograph1p

'bfﬂﬂfthe 1ocat1on of phospho11p1ds and ga]acto11p1ds wou1d be an 1mportant ff_ffJ“

S

| “1{_fcontroll1ng the act1v1ty of LAH s It was found?1n the enzyme stud1es;b7w:'ﬁ




o1

i w;thfso]vents oﬁ\known extractnon character1st1cs A1so 1§df ﬂ

‘Tfj morpho]ogy of ce}luTar_components and the1r re1at1ve spat1a1

e;ce11}and\ce1ﬁu1ar organe]]es\Ebnta1ned vary1ng

ﬁ; cdmp1ements~ddlphospho—,;gdyco- and neutra] 11p1ds w1th the except1on

"& of‘the tonoplast whlch probab]y has a un1que 11p1d compos1t1on Qr ’f‘”'w e

a7conta1ns certa1n unldent1f1ed 11p1ds wh1ch are no,faffected by most of

FERS

'-*ﬁj_the solvent syshl -ed 1n-thls study In add1t1on morpho]dg1ca1

’h_studlesgf"_steam-cooked tuber ce11s\showed dsamat1c structura] changes

‘fiHowever steam-cook1ng d1d not resu1t 1n c _ﬁvd1stent1on or ce11

'";*w_gmﬂ-esfhpture, 1nstead substant1a] changes 1n tﬁ”aspat1a1 organ1zat1on of ;;,f;jﬂif

ce11u1ar structures and the1r Cbnst1tuents were ev1dent y; 7;

\\

In the 1so]at1on of cel] membraneS‘and organelles, prec‘u£1ogs"

_ jf;were taken to prevent11p1d changes as affect_d by enzym1c degradation.va

ﬁ'ffHomogen1zat1on of potato txssues at room temp'rature or eve '4 Cibr1ngs'gﬁfﬁfaqh

u’ejfﬁabout a: rap1d enzym1c breakdown of phosphoa’anw ga]acto]1p1ds,{and the fff“"fd“

”7Td;fre1eased FFA are SubJected %o a h1gh rate'offperox1dat10n by tuber LOX ?;gf} N

"fﬁ:Ffthe ox1d1zed products ranglng from hydroperox1des of ]1nole1c and

/

~Eidn01en1c ac1ds to 1ow moTecu]ar we1ght breakdown products (Ga111ard
| “,'.1970 Ga111ard and Php]11ps, 1971) uence, 1n the 1so]at10n of ce]l

L_membranes ‘and- organe]hes,a buffer of pH 7 8 contafnlng mercaptobenzo-"h'h;“b

el e

“*‘,“uppress LOX act1v1ty, Was used Nupercaﬁne was also

-“ef;;iadded to suppress LAH aqt1v1ty. Th1s seemed‘to be qute successful as

. .'_.\' .



there was no substant1a1 1ncrease Tn the FFA content nor were

ox1dat1on products of 11p1ds detected However, 1n the 1engthy

- 1solat1on of starch gra1ns,.11p1d ox1dat1on and degradatxon was

A

e

1nev1tab1e | PR S | o
| _' ‘ The subce]\u]ar fract1on plasmalemma was dmff1cu1tvto
) .prepare Dur1ng homogen1zat1on of potato t1ssues, the p]asmalemma
':’f{f was ruthred elther 1nto 1arge fragments that co sed1mented 1n the
grad1ents w1th nuc1e1 and m1tochondr1a, or 1nto sma11 ves1c1es that

. co-sed1mented w1th m1crosomes . P1asma;emma conta1ned h1gh*amounts of ;ff*g#

stery1 l1p1ds compared to the other subce11u1ar fract1ons It 1s
known that stero] mo]ecu]es can comp1ex phoSpho11p1ds 1n monolayers 4

and thus decrease the f1u1d1ty and the permeab111ty of the 11p1d phase :

‘“55i5'~1t has been suggested that h1gh concentrat1on of stero1s 1n the

'épTasmalemma he1ps restr1ct the 6ermeab111ty of th1s membrane wh1ch 1s

hz’id1rect]y exposed to the externi\ medium (Maz11ak 1977) ;

‘:{membranes, prepared from an 1n1t1a1 2 000 x g pe]]etffrom tuber

i homogenates, conta1ned the usua] 1arge amount of‘Pc PE and p01yun-,”ﬁf” oy

saturated fatty ac1ds Th1s preparat1on reduced the degradat1on of
. D

microsoma]vph1]et Theggf” .
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1l‘fract1on was on]y 56A of m1tochondr1a} TL. Contrary to these resu]ts, ,fv:f

:f‘_test that phospho11p1ds were the on]y s1gn1f1cant acy1 ]1p1d mo1ety

'Eﬁ-Manne11a and Bonner (1975 found by a heptadecano1c ac1d recovery

The m1crosoma1 preparat1pns in the presence of nuperca1ne had

h1gher contents of ga]act011p1ds than~rn.1t5 absence nOff1nterest._,’j'7“

are the resu]ts for recovered FFA An- accumu]at1on of pa1m1t1c and

stear1c ac1ds and a decrease in polyunsaturated ac1ds suggested that

-

11p1d breakdown occurred desp1te precaut1ons taken aga1nst 11p1d‘-,1‘

degrad]ng enzymes

? »

A s1mp1e pur1f1cat1on on a sucrose grad1ent d1d not y1e1d
pure perox1somes However add1t1ona1 centr1fugat1on on a sha110w

sucrose grad1ent of 1 16 1 29 g/cm , with the Band at 1 24 1 25 -

(Tchang et a] 1978) gave sat1sfactory resu1ts Yo

./.‘_

The presence of’MGDG and DGDG 1n m tochondr1a 1s great]y

P

fidfsputed Schwertner and B1a1e (1975) c1a1med that potato tuber

\

m1t0chondr1a1 ]1p1ds d1fferﬁd from other p]ant§m1tochondr1a by the]r r‘ﬁ
h1gh content of ga]actol1prds (22 8% of TL), and a1so by, the1r free o

and ester1f1ed stero]s, the predomlnant be1ng VL The1r phopho]1p1d g;f

g

fw1th1n potato m1toc 1a but conf1rmed the presence of stero]s 1nr
o ﬁouter m1tochondr1a1 membranes McCarty et a] (1973) cou]d not detect

‘ . ]_t:galact0]1p’ds in 11ght1y pur1f1ed potato m1tochondr1a and the1r

‘

'°ftfposs1b1e presence was ascr1bed to p]ast1d contam1nat1on My exper1ence ;'

fshowed that the crude m1tobhondr1a1 pe]let col]ected by centr1fugat1on

' -of the tuber homogenate obta1ned after f11trat1on through erac]oth

' icould be pur1f1ed by a d1scont1nuous sucrose gradIent centr1fugat1on

ff7?Aga1n,'1n the absence of nuperca1ne “an 1ncrease in phospho]1p1ds and '

\
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~



xvstery] 11p1ds occurred at the expense of enzym1c breakdown of ga]acto- a

‘ 11p1ds This . 1mp11es that m1tochondr1a1/11p1d resu1ts devo1d of MGDG S

' h,const1tuents m1ght be quest1onab1e

diz Isolat1on of amy]op1asts/from tuber homogenate by squeez1ng

/ \

- through M1rac10th y1e1ded gra1ns enr1ched in size be]ow 20 um wh11e

i

4u51ng a- 200 mesh po1yester s1eve c]othcgesu1ted 1n amy10p1asts

".enr1ched 1” 1arge oval- Sﬁ/;Ed gra1ns (20- 58 m in short ax1s, and Y

;40 90 um in 1ong ax1s) The 11p1d y1e1ds d1ffered between these two d

Dok

_preparat1ons, and: were cons1s ent]y h1gher for sma]] gra1ns Isolatlon

| -,~1n the presence of nuperca1ne 1ncreased the yie]d by 32%‘. Amy10p1ast

& .

,1solatlon 1n the absence of nuperca1ne by free grav1ty sed1@§ntat1on\

; _1ast1ng from 30 mﬂnutes to 2 hours, brought about 2 complete 1oss of

1"vrmembrane phospho- and g]yco11p1ds In such starch preparat1ons, on]y

| “~7the NL fract1on was present ha]f of 1t a]ready be1ng 1n the form of

g FFA ox1d1zed to var1ous degrees No 1yso der1vat1ves were found among

P J“

'e‘degradat1on products Thus, the on]y fa1r1y re11ab1e starch h-;'n' 'i’Af

‘ _preparatnon was that obta1ned by 1ow speed centr1fugat1on w1th1n 3 7

"'§m1nutes 1n a buffer of pH 7 8 conta1n1ng nupercalne

Potato ce]] wa]] preparat1ons also conta1ned 11p1ds Uhen 'fwdf;§<

' --‘jf+horough wash1ng w1th 1ntenn1ttent son1cat1on was repeated nany t1mes,

: jthe 11p1d content d1d not change M1croscop1c exam1nat1on showed .

:;the absence of starch and p1asma1emma contam1nants In add1t10n,

.5such preparat1ons had the expected po1yga1acturon1de COntent degree of -

,‘f.ester1f1cat1on, pect1n methy1esterase act1v1ty, and ab111ty to re]ease

.5prote1n after po1yga1acturonase treatment --\a11 properttes of a sound



;f;preparation Therefore, 1b\appeared that the extracted 11p1ds m1ght L
.. be an 1ntegra1 part of the wa]] structure Th1s 11p1d content was :“fv

RN

Ana]ys1s of 1solated>ce]1u1ar somponents conf1rmed that 11p1ds
N \ A

_dO 31% of the ce]] wa]] dry matter, or. 2 3/ of tuber TL

“'j} in. potato ex1st as structura] components of ce]Tu]ar membranes and

rd

“<‘f organe1]es A]so, each ce]]u]ar fradt1on has 1ts character1st1c 11p1d o e,ﬁfz

. -~:compos1t1on Most of theTL were present in the m1crosoma1 membranes,.ﬂ7

."f' f011owed by m1tochondr1a and plasma1emma Most po1ar 11p1ds (pﬁospho- '}Ufj
d;hand g]yco]1p1ds) were assoc1ated w1th membranes (m1tochondr1a and ]
-v;endoplasm1c ret1cu1um) . Other ce]]u]ar organe11es,astarch gra1ns, and e_vﬁd H
'T:ce11 wal]s consisted ma1n1y of saturated NL o ';E_i'v : ,;dﬂ _\f’ 5
| D1str1but1on of the 11p1d c]asses showed that ce]1 wa]] and »

L

. adJacent p]asma]enma were h1ghest 1n stery] 11p1ds, wh11e phospho11p1d

-‘was predom1nant in cytop]asm and g]yco- and neutraT ]1p1ds in starch

B 'gra1ns Aga1n each cel]u]ar structure conta1ned a d1st1nct1y d1fferent |
B . \

':'fim wh1ch pa]m1t1c ac1d was predom1nant (Tab]e 19) Aga1n, a. great j

\ffcomp1ement of fatty ac1ds Moreover,_ce11u1ar membranes conta1ned f‘*,"' f
K R ’ . R T -
,ifs1gn1f1cant amOunts of unsaturated 11p1ds and, so, wou]d be potent1a1

.:fs1tes of ox1dat1ve degradat1on

The unsaturat1on degrees assoc1ated w1th membranes and/or %,hk;hf»‘"‘

'vorgane1]es are of great 1nportance from the process1ng po1nt of v1ew, ’f{t‘
“t's1nce they can contr1bute to a rap1d ¥x1dat1on of 11p1ds in procesSed
SR . I o
"-tgranu]es As shown 1n Tab]e 20, such a contr1but1on wou]d be 1east b

- expected from ce1k wa11s w1th an unsaturat1on rat1o UR) of 0 4, 1n RN

contr1but10n was not expected from starch gra1ns, s1nce the1r membranes e

are h1gh1y saturated P1asma1emma (UR 1 7);5peroxlsomes (UR 2 O)

).'
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Y . X
"~'jTéble>20 : The unsaturat1on degree of 11p1ds assoc1ated w1th tuber oo
‘ o cell jembranes and organe]]es L L

P

. W

 Membrane system & .. _Unsaturation’ratio*-

\ - .

\

:1.E“d°5155mf¢,feficu1uhf(micrasbmes)f”_ S ',,»: 2. 1
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i_ ananfefdsames (enddp1a5m1c ret1cu1um UR 2 1) wou]d be rated as.

R f-fmoderate contr1butons to 11p1d ox1dat1on The rea1 contr1but1on to

fr;f,"‘figh'rap1d ox1dat1on m1ght be expected from m1tochondr1a w1th an

jfa€93funsaturat1on rat1o of 2 9 o :Q’;, ;,3;- . ch = .
v'{n‘t»"h.'5f These f1nd1ngs and those for 11p1d degrad1ng enzxmes can be
; used to c1ar1fy the fate o¥>11pnds in. commerc1a1 potato granu]e
?1f.process1ng L1p1d~degradat1on and perox1dat1on start 1nstant1y after u;;&;:“;h
fe;511c1ng, and cont1nue dur1ng the r1s1ng temperature per1od of the |
“f precookJng step perfonned at 70°C By the end of precook1ng, the h; 1 -Td ’{_'_i
i;henzymes are 1nact1vated and enzym1c 11p1d breakdown is stopped | A |
X ?S1nce process1ng d1d not apprec1ab]y change the ]1p1d O
”h:icompos1t1on of potato tuber t1ssues (Tab]es 2 5 and 6),'1t11s probab]eid?i:‘b:
“'rhthabi%he nature of 11p1ds, the type of assoc1at1on w1th ce]Tu]ar h”‘_ o
\‘f}componepts, and the morpho]og1ca1 changes 1n the"Spat1a1 organ1zat1oh m;~fji;fv°
:b::bf these ce11u1ar const1tuents wou]d be 1mportant determ1nants 1n'.h;-f‘"v;Tvgihz
h"ifeacontro111ng the qua11ty of processed‘potato products }t;';?tiiuf*fffdhu.y;—s...v
| deft,tﬁ Dur1ng\cook1ng and subsequent steps, the 11p1ds are embedded |
‘ -'.hand/or spread over ge11ed starch denatured prote1n, and ce]]u]ose-f -
v‘apectln matr1ces L1p1ds of membranes 1n cooked potato ce]]s ex1st as. -
'.'id_i a free component sandw1ched betweeL ge]1ed starch and ce]] wa]l, as.
‘”'lh observed by transm1ss1on e1ectron m1croscopy (F1gure 22) The1r
"ox1dat10n wou]d be part1a11y prevented dur1ng process1ng s1nce they
‘,hare not exposed d1rect1y to the surround1ng a1r Upon dehyhrat1on,-tﬁ. ,

‘.

}however th1s spat1a1 arrangement of 11p1d constltuents wou]d not be

"t\Tafeffect1ve1y protedted because both starch and Ce11 wa*] 1n dehydrated
':_state wou]d act on1y as spread1ng matr1ces for the ]1p1d thus 1eav1ng -

vl o .

}‘j11p1ds exposed to ox1dat1ve attack Such a poss1b111ty wou]d be



/;1'7»f-great1y m1n1m1zed 1f 11p1ds in the processed product ex1sted in f{fﬂv; ;a_féf'f'“

'vt5itcomb1nat1on w1th prote1ns (Khan and Hadz1yev 1978)

In dehydrated granu1es the ox1dat1on rate of* phospho]1p1ds

"7f7wou1d be affected by the nature of the prote1n, and that of the bulk
, B )

L 2 L
' fnlof g]yco]1p1ds by the starch matr1x Th1s 1mp11es that the extent of

'=f_i¥off~f1avor r1se 1n granu]es wou]d be a: resu]tant not on1y Of ]Tﬁ“d

"~“jand of the matr1x to- wh1ch the 11p1d 1s attached

R,

'*f?u‘structure and unsaturat1on but a]so of the extent of enzym1c breakdown, B

. ‘

i Further 1nvest1gat1on of autox1dat1on of phospho-, g1yco- and bffz

uneutraléﬁ?p1ds on d1fferent matr1ces, such as dehydrated ce11 wa]]s, fV'dJ
7‘*prote1ns, starch and pect1c substances,,cou]d prov1de 1nfonnat1on on
: Sl

o f{the 11p1d OX1dat1on rate and the effect of var1ous matr1ces on: 11p1d .'f.‘_;”'

'”:-fox1dat1on 1n dehydrated potato systems In additon, studies of the

7’4;modes of app11cat1on of pheno]tc ant1ox1dants and the1r effects on'fsfhfz:

\jﬂtﬁV11p1d ox1dat1on in. these deh drated systems could prov1de 1mportant

- fyf1ns1ghts 1nto the prevent1on of ranc1d1ty 1n dehydrated potato products

'r,".
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