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SUMMARY

A study was .carried out to determine the retention

of BHA and BHT in production of dehydrated potato granules -

‘e

by‘a»freeze;thaw prdcess. Retenfion of antiokidants was
fbllowéd in maéhing; pré— and final drying steps of the
prééess, Retention of the éntioxidants dufinq storaqé
of qranules at 25 and 87°C in polyethylene bags for a.
spéfiod of sixlégéks was also investigated.

During_potato granule production,“threé different
methods of antioxidant application were assayed, i.e.
additiodg, in the forms of p6Wéér, emulsion ahd ethanél
solution. Two different formulations of emulsion were
used; one coﬁsistea of antioxidant, surfactant (Myvatex)
and‘waﬁer, while the other included’the,aaditién'of the
surfactant Tween 60. No appreciable difference was de-
tected bétween them with regard to antioxidant retention.

Application‘of antioxidanfs in powder form appeared
to offer the highest retention of ahtioxidants by potato
granulés, whilé.liquid form application.increased their
volatility,'resulting in 1ess'retention.ﬁ No‘appreciéble
‘difference in retention values was obtained between the’
two formulations of éemulsions ﬁsed. 'A high degree of

correlation between the loss of moisture content and the

iv’ ' .\“,ﬁ\\
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pbretreatment or separation procedures were required.

4

loss of antiOXidant.Showed.thatdthé-cOmbined effect of

for the poor antlox1dant retentlon in the potato granule

end product with approx1?ately 7% m01sture Lowerinq the |

temperature of predrfﬁng and - drylng steps from 85° C to

60°C and‘to SOOC pesulted in even lower antlox1dant reten-

tion. .This could be ascribed to}the fact that at a lower

'temperature a longer time was required to accomplish each

S

step.

- A storage test over a period of six weeks with

dehydrated granules packed in polyethylene bags at both -

-

temperatures aséayed showed a steady'decline in antioxidant

.

“concentration. As expected, BHT had a lower retention

‘than BHA due to the higher volatility of BHT. Differen-

tial‘pulse voltammetry was a highly satisfactorquuanti-
tatlve and qualitative method foti51multaneous determlna—
tion. of BHA and BHT. . The antlox1dants were recovered
from dehydrated qranules by benzene extractlon at room
temperature, while distillation was used as an extrac-
tion method for the samples which had a moisture content
higher than,3b%, since the higher moisture content. in

mashed potatoes considerably . reduced the extnactlon capa-

c1ty of benzene The benzene»extractlon procedure was:

CLe,

N )

rapid and efficient, and was favored by the fact that no

: N
steam dlStlllatlon and volatlllzatlon is malnly respon51ble

- I O PR S L e
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. : RESUMEN - -

El presepte estudio se llevd a cabo pa}a deter—
minar la rﬁteqciéh de BHA y BHET en la produccién de
gr&nulbs dé papa‘deShidratados, por el procedimiento de
Congelacién—descongelacién. Se comprébé-la rgtencién de
los antioxidantes durante las etapas de pr%Féracién del
 .puré, p:e—Secado‘y secado del prbceso:: Tambien se'inves—‘

:tigé la retencidn de los;aﬁtioxidantés dprante almacena-
.mientovde lag grénulos a 25y 37OC en bolsas_de polie;
tileno por un periodo.dé seis -semanas.. ‘ "
| Durante la produccién de grédnulos de papa, se
*utiiizaron tres métodos diferentes para la aplicacidén de -
los antiOXidanteS} ad;éién en forma de polvo, emﬁlsién Y
solucidén .alcoholica. Se utiliéaron dos diféreﬁtes formu-

.

laqifnes de'equlsion;'una‘consistia de antioxidante, tensio-
;activo (Myvatex) .y agua} lafogia incluia la adicidn del
agénte tepsioaqtivo Tween 60. : | . |

' No se’ encontrd ninguna apreﬁiable‘difgrencia entre
eilas en cuanto a retencién del éntioxidante. Léiaplica¥
cién de 1c; éntioxidéntes en erma:de polvo pafacié ofrecer
la mayor retencidn de ellos en ;Ssdgrénulos'de papa}_
-mientrgs que las formas de aplicacién'liéuidas aUmeﬁtaban

-su volatilidad, dando como resultado menos retencién. No

se encontraron diferenctas apreciables en la retencién =~ #

~
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obtenida entre;las dos %ormulaciones-de emulsién utili-

¢

.
zadas; el alto grado de correlacidén entre la pérdida del

contenido de humedad y la pérdida del antioxidanté, demo-

straron que el efecto combinado entre la destilacién al

-vapor y la.volatilizacién son principalmente los respon-

-~

sablésvde la baja retencién de los antioxidantes en el
producto final de 18s gréﬁuloélde papa, con un contenido
de”humedad aproximademente del 7%.

El reducir la temperatura dé las etapas- de pre;
sécado'y secado de 85°C a 60°C y 50°C, dio como resultadé
aﬁn mas baja rétehqién de los antioxidantes, Esto se
aebé al-héché'de que a‘ménor temperafura se necesité u;
perlodo de tiempo mas largo para conclulr cada paso.

.. La prueba de almacenamlento de los granulos deshl-

dratados empacados en bolsas de polietilenq, durante un
| . Y -

periodo de seis semanas, a -las dos temperaturas utilizadas;

mastro una permanente disminucién en la concentrac1on de
"los antlox1dantes Como se esperaba, BHT tuvo mag baja
retenc16n que BHA débido a la alta volatilidad del BHT.

- E1 método de Voltametria diferencial de pulso,

&

result6 ser un método altamente satisfactorio, tanto cuali-
tativa como cuantitativamente para la determinacién simul-

tdnea de BHA y BHT. Los antioxidantes se separaron de

y -

los grédnulos deshidratados por extraccién con benceno a
. ' '3

\
\

. N '
temperatura ambiente, mientras que para las muestras con

vii
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Ad

3 un conténiﬁo de'hUmedad4mayor de} 30% ge utilizd la
.destilacién.cdmo método;dé extréccién; ya due él mayor
Ncontenido de humedad del puré de papa reduce conéiderablé—
meﬁ£e'lé'capacidad extractiva del benceso.

- El ﬁecho.de no necesitarse 'una separacién o trata-

miento previo%,éyudda'que el procid}miento de extraccién

fuera rdpido y eficiente.
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1. INTRODUCTION

The potato is.one of the most impbrtant vegetables
world-wide. Methods have been developed to produce many

products which are stable over a long period of time, and

‘an ever increasing! prciocrtion of the crop is being pro-

cessed. For eﬁample, in 1975 abouth&% of the potatoes in
the U.S.A. were used by processors, with 22% being used
for dehydrated products (émith,‘l977).

Potatoes are dehydrated on a commercial scale
into dices or "instant mashed potatoes" (flakes, or gran-
ules) which are'widely used by consumeriand institutional
markets. | | ,

Potato flakes afe produced by applying cooked

-

mashed potatoes to the surface of a single drum.ﬁryer
v . : :

(Cording and Willard,-l956).' The deposited layer of solids

is dried to about 6-7% moisture in about 20 seconds.. The.

dried sheets are then cut into small flakes suitable for

’ i
packaging. Since)the bulk density of the flakes is nor-
mally very low (approximately 0.35 g/Cm3), packaging and
shgpping costs of the product are relatively high. The

low bulk density of flakes also makes it uneconomical for

'vthem to be packed under nitrogen to retard oxidative ran-

cidity, therefore, antioxidants must be used to protect

thé\jggduct against oxidative deterioration during storage

»

1



(Feustel et al,; 1964). Improvements have been made to
minimize some of the problems encountered. Bulk density

can be increased to about 0.77 g/cm3 by forming flakelets

(Eskew and Drazga, 1962). Flakelets are produced by

~mixing dried flakes with freshly sliced potatoes to give .

a much denser laminates and‘aggregatés which are then
dried on a Vibrating.bed dryer to the desired moisture
content. Packaging under nitrogen to improve shelfyﬁifé
is economically féasiblé beéause of the higher bulk
density of flakelets. |

. Potato granules are one of the most commerciallyb
successful‘dehydfated mashed pétato prdducts. They are

dehydrated single cells or aggregates of cells, dried -to

about 6-7% moisture. The granules are readily recon-

stituted into mashed potatoes by mixing in hot water or
milk. They are suitable for both home and institutional
use, and can be reconstituted accordiﬁg to personal pré—
ference ;ith a texture rangiﬁg from dry aﬁd mealy £o moist

and creamy. The high bulk density of the granules (0.85

g/cm3-or higher) reduces costs of packaging, shipping and

storage.



2. OBJECTIVES OF THE INVESTIGATION

dne comﬁon problem with instant'aéshed potato
products 1is the_deterioration of flavor during eﬁgpping

and stofage due to oxidative rancidity invoiving'potato
llplds Antioxidants SUch as BHT and BHA have been hsed

to prolong shelf.life by suppressing or retardlng the

onset of the autoxidative reaction. Much work has been.
done on the effect of antioxidantslon the shelf life of
flakes and granules produced with the coﬁme;cial Aad—Back
(A-B) process. However, a major problem is the difficulty.
of ensuring adequate retentlon of the antlox1dants in the
produi . The greatest loss of antlox1dants takes‘place
‘during. processing, 'so varlous methods of application have‘
been developed to reduce -this loss. These include applica-
tion of antioxidants in powder form, an emulsion br vege-
tab¥e 0il or ethanol solutions. Some metﬁods appear to

-+

be reasbnably effective for flekes, while’some are better
with the A-B granules. | )

Freeze-Thaw (F-T) potato granules,which were
developed recently in thié laboratory (Ooraikul, 1977),
however, heve not been'invesﬁigated with respect to the
effect of antioxidants_on shelf life. The F-T process,

which is quite different from the commercial A-B process,

may respond differently to the various antioxidant application



”

techniques. Also, the fate of the antioxidants in thev
F—Tkgranules durinq storagé may differ from that in‘potatb -
flakes or A-B granules. Therefdre, this'study was de-
signed tb provide information in these areas. The objéc-“
tives of this investiqation of F-T qrénules were to
determine:

1. The effeétiveness of application techniques
for BHT and BHA with respect to antioxidant
retention throﬁgh‘various:steps ot the process.

2. The extent of loss of antioxidants dufing

storage at ambient and elevated temperatures.



3.

1

3. 'LITERATURE REVIEW

L4

Potato Granule Production ' : o

i

¢

.Deﬁelopment of a dehydratéd potato granulenpro—
cess started during tho latter part of World War II as -a
project sponsored by the Subsistence Research and‘DeveloD—'
ment Laboratory of the United States Army Quartermaster
Corps. The process was based essentlally on the work of
Barker and Burton (1944) In the same year a dry powder
from whlch mashed potatoes could be prepared almost in-
stantly was patented by Volpertas. The process involved
'pradrying éotato cubes in an environmentbot steam, applying
a vacuum until 30-40% of the original weight was lost. .
 The moiSt powder was cooled in an air stream until the
water content was reduoed to about 12-15%. Fresh potato
mash was then added to the powder ootil the ﬁixture was
homogeneous. The mix was dried further under vioorous
stirringjx>obtain the'fina} product.

’ Since the dried partioles had a hard skin un-
suitable for fast'reconstitution, Rendle (1945) suggested
drying the product in stages under carefully controiled

_rconditions'of temperature. . A special agitating device
was used to mix_the.mash withvan appro#imately oqual

' : .\\‘u N .
weight of seed powder (coarse dry particles from any



o

"granular and less gelatinous than when this steo was

[

previous batch)’ to decrease water content to 40-45%
by weight.

A

The mixed product was reduced to the desired state -

of flneness by passing it through a 51eve, and the sieved
materlal was then drled. An additional step was 1ntro—

duced, in which the mashed potato was frozen prior to its

" admixture with seed powder. The resulting powder was more

omitted. | "
Wi%lets and Rendle (1948) found that unless the
moisture content of the mashed potatoes was reduced to
about 40% before drying, the texture and palatability oF
the product would be unsatlsfactory because of the rupture

of potato cells and release of starch. They/also found

that, if the mashed potatoes were frozen and then allowed

‘to thaw w1th subsequent centrlfuglng to remove up to 60%

of the m01sture, the product could be dried, wlthout
additiOn of any seed powder, to.a satisfactory and readily'
reconstitutable'mashed potato powder}v However, even if
the moisture remained as high as 60% and some seed powder
was added to reduce it to 40%, there was still a consider-
able saving in the amount of seed powder needed, with a
corresponding increase in output of the product.

.R{VOChe (1951) patented a process which.consisted

essentially of freezing cooked potato,[then reducing the

i
/



particie size by rubbing, abrasive crushinq or milling
action to give‘a very fiﬁe frozen powder, and‘then sub-
jecting it to a drying step.' The intention was to sep- =
araté and dry'éhe‘cooked potato cells without damaging
them excessrvely and obtaining an unsatls‘actorv oroduct
Greene et al (1948) developed a "freeze and squeeze
method in which mashed potatoes were frozen, thawed and
' pressed or centrlfuced to reduce the mOlsture to about
60% before granulation and drying. The’ process toughened
potato cell_wallsagalnst mechanical damage. The pro-
duct offered good texture on reconstltutlon, but lacked
desirable taste and flavor.

] A stralght through or nonrecycllnq process for
the productlon of potato granules was developed by Lazar
et al (1964). ~Stepwise conversion of cooked potatoes
1dto dry qranu1es featu;ed drylnq in stages as a new
technlque for separatlnc the cells from one another Few ,
wpotato cells were ruptured durlng such drv1nq and there-
fore, hot much starch was released. The product had a
high bulk density and reconstituted readily.

An F-T process which omits precookinq and cooling
steps was recently disclosed by Ooraikul (1977). The
prooess*provided a.new ﬁethod Wherein the overall effect

was to cause very little damage to either the physical

‘or nutritional properties of the product. 'In addition



there was very little discard or recycling.

| An A—B'proée;s thch is a modification of that of
éendle (1945) is‘the>only technique Qsed commercially at
present. However, due to several disadvqntages inherént"
= iﬁ\the‘A—B process, newly developed processes, such as

the F-T process,iwhich eliminate or minimize some of

these problems, appear’to have good commercial potential.

.1 The Add-Back PrdcéSs.
The basic features of the process are: peglihg,
* slicing, precooking or water blanching withfsubSeqhent
water cooling; followed by steam Cooki&%, mash—mixingA
(with about th éafts or recycled dry granules), condi-
tioning, remixing, airxliftAdrying, fluid bed drying,
cooling and sieving. | |

The ratiohalé‘fér the sequehce of'theééﬁeps~is

¥

as.f011ows: Sliéing ensures effective and uﬁfforﬁjbeap
. transfer in subsequent cooking. Precookihg and cdblinq
avids sloughing during cooking and imparts the fifmneés
to ceil walls which is ?equired in the maSh—ﬁixihg étep.
Cooking-bringé about final softening of the tissue. Hot
‘mash-mixing results in tissue separation into individual
cells or aggregates, with minimum celi rupture. During
this step there is additionhof additives sudh as fatty
racid monoglycerides, sulfite and antioxidants., - Condi—

tioning in a stream of cold air’ is needed to equilibrate



the maéh moisture and, by keeping the moisture content

above 30%, to.forceAthe_free starch-to‘retroqrade-and/or
to form clathrates witﬁ glycerides, and thus increase'the
friability of the moist mash (Hadziyev and Steele, 1979).

Remixing is done in 5rder to further gragé}ate
the moist mash intO’Small aggregates or single cell par—
ticles. This and the»previous,mash—mixing step ensure
that the moist,granules remain separated'when conveyed
and dfied in ﬁhebsubsequent air liff drying step. ‘Thé
‘létsér step‘reducés the. moisture content of ﬁhe granulés
from 30% to abouf 15%, after yhich fluid bed drying de-"
creases the moisture content to close to 7%. | .

| C oy

The cooled grahules are then sieved. A small
portion for partiélé sizé'80 mesh or'less)‘is collected
as end éroduct, while the remainder is recycled. Particles
of 10 mesh or greater are removed as rejects.vz\\\

The A-B process has been improved, but its major
disadvantage sﬁill remains: 1/10 to 1/6 of the solid
material handled is the end broduct, whiie tﬁe remainder
stays in the system by recycling. Gran@ie‘quality may be
reduced beeause undésirable characteristics, onge developed,

can remain in the system in appreciable amounts even after

numerous cycles, perhaps for as long as a week of continuous:

~production. This also tends to increase operating costs.

1
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3.1.2 The Freeze-Thaw Proéess
| \The F-T process for the production of‘potatb gran- -
ulgs was'developed tb'eliminate or minimizeisome of the
major préblemsvof the conventional A-B process (Oéréikul,"
1978) . |
In‘the F;T process potatbes are peeled sliced,
washed, and soaked‘in O.Sé‘NaHsosAsolutianor 5 minuteé,
“after which they are steam—cooked for 35 minutes. The
cooked potatoes, along with 0.25% Myvatex,(w/w), are
> immediately mashed for 2 minutes in a mixer equipped with
a flat beater. The méshed potatoes ére then frozen in-an
air-blast freezer, and thawed af room temperature before

v

being charged into the dryer bowl of a fluidized bed

dryer, pfeheated to 70°C. 1In the predrying step the'
VdrYing éir is?93oC'at a‘veloq}ty of 130 m/min; and the
stirrer speed 20 r.p.m.. In the granulation step air temp-

"érature and‘velbcity are reduced to about 30°%¢ and 15 m/
min, respectively, while the.étirrer speed is increased

. to 500 f.p;m..b brying is done at 859cvénd ll5 m/min air
velocity. The dried product normélly,contaihé at least
85% of granules_smallar than*60‘me$h, and the broken cell
countiis,ngf mére,than 3% (Figure l). | ‘

The F-T proéess is simpiego&operéte and control,

and réquifes-léss intricate equipmeﬁt'to producé the

same amount of product. _Thé recbnstituted mashed potato

™
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Raw Potat;es'

Peelihg, élicing? washing, sglfiting
Caoking
Mashingfr_______ 5dditiyes

Freezing and'£hawiqé

' Pre—drying

o , Granulétion
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i

Drying

l
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Y

/

Product

. |
: . ' !
Figure | Flow chart of- the freeze-thaw process. ’

_ | ' | <60 mesh (85-90% product)
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from the F-T granules is superlor in textural quallty,

.and both the flavor and color of the product resemble

those. of freshly mashed potatoes (Ooraikul, 1974).

'Storage.Problems

As{with most dehydrated products which contain -
sugar} protein and lipids, potato granules are subject to
nonenzymic browning and oxidative deterioration during ]

storage..

Nonenzymic Brownrng . .

.Nonenzymic browninqﬁcan_occur during processing
and storage‘of potato granulesl ithresultS'in distinct
deterioration in the color, flavor, and nutritional-value
of the product. |

During proce551ng, ghe brownlng reactlon has a
high temperature.coeff1c1ent and the rate. is exponential .
with temperature (Hendel et al., 1955). The use’ of pota-
toes with a 1ow content of reducing sugars is one of the
bést measures to av01d brownlng during drylng.

The extent of nonehzymic browning is usually

proportional'to the, content of reducing Sugars, although

: exceptlons to this general rule do occur (Smlth 1977)

Potatoes with less than 1% of reduclng sugars on
a drx_ba31s-are best for the_manufacture of granules.

However, 'in order to hold fresh potatoes without undue
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sprouting prior to processing, they must be stored at

tempefatures close to 5.5°C. nThe drawback is that at
these temperatures there is a large increase in the reducing
sugar content of the Letatoes.
éonditioning treatment in which the fresh potatoes

are held at about_ZloC (70°F) for one or twd weeks before
processing can reduce the level of redueing sugars, but
. the treatment is only partially effective (Smith, 1977).
| In processing of potatoigranﬁles it is a general prac-
itice to add sulfites te inhibit both nonenzymic and enzymic
-browning;n éodiﬁm sulfite and/or bisulfite ere added
~along with emulsifiers, antioxidants and other additives

in the.mashipg step of processing. The amounts used corre-

spond to 350-500 ppm (as SO in the dehydrated énd pre—

2)
dﬁct. The }evel of 502 in potato granules is subject to
government regulatlon. In Canada,‘aFﬁﬁUnlted States, and
the Unlted Klngdom not more than 500 ppm are permltted
(Hadziyev and Steele, 1979). Although lowering of moisture
confent of the product and<evoiding of high temperatures
Iduring_storage are effective‘}nlinhibiting*brOwning in

granules, they do not play any part if controllingthe

phenomenon during processing.
3.3 Lipids in Potatoee

Although the quantity of lipids in potatoes 1is
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very low from the nutritional point of view, they do play

Ld .
a major role in oxidative deterioration of potato granules

during storage. A détailed stUdy'of the lipid composi- |
tion and constituents in raw and granulated potato?; was
provided by Pun (1979). 1In that study it was found that
lipids ére oniy.a trace constituenﬁ in potato tubers. °
Netted Gem potatoes contained 0.65% lipidsona dry weight
basis.

The lipids found were compound, i.e., those con;
" taining other groups in addition to esters of fatty acids
with glycérol. ‘The major compound lipids were phos-
pholipids, galactolipids and steryl lipidé. The major -
phospholipids were phosphatiayl ethanolamine and phés-
phatidyl choline. fhe galactolipids found to be predomi-
nant were aigalactosyl diglyceride‘énd moﬁogalactosyl
digl&ceride. The steryl lipids identified were_free
sterols, esterified sterols, steryl glucoside ahd ester- .
ified steryl glucoside. The so-called neutral lipid'
fraction was only a minof coﬁstituent of potato‘lipids;
witp triglycerides being its major component. The predomi-
nance of polar lipids (phospholipids and glycoiipids)
in the tuber was an indication‘that tuber lipids were
primarily structural elements of cellular orgage}les and

lipomembranes. They were all rich in polyunsaturated

fatty acids. All lipid cla$ses were esterified, mostly
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by linoleic, linolenic and palmitic acids. Stear}c and
oleic acids were present to a lesser eXtenF.

The most unsaturated potato lipids were the galgc—,
tolipids, monogalactosyl diglyceride'andAdigalactosyl
Ediglyceride, which contained predominantly the unsaturated
acids, linoleic and linolenic. On the otherjhand, the
steryl lipids, esterified étéryl glucoside and este}i—
fied sterol, being esterified»mainly by palmiﬁic acid, were
among the most saturated potato lipids. 1 |

The sterol composition of the steryl lipids was
also established. Ohly three sterolé were found.to be
presentliﬁvsignificant amounts: cholesterol, stigmésterol
and B—sitosterélp' Theépredominant_§terol'overall in stéryl
lipids was R-sitosterol, whereas cholesterol was concen-

trated in the ésterified'sterol and steryl_gluéoside

fractions.
Lipids in Dehydrated Potatoes

A comprehensiVe study of potato lipids and changes
in Eheir constituents and fatty écid composition during’
prodﬁction of granules by the F-T process was given by
Pun (1979). |
| Thé reiative amounts of individual lipids in’raw

.potatoes did not change significantly during processing,

however, their absolute amounts did decrease substantially.
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The major loss occurred du;%nq the sliciﬁg/éteam—cbokinq/
hot mashing steps. This los; was Mmainly in the phospholipid
f}actions. >Phosphatidyl ethanolémine and phosphatidyl
i

inositol were the most affected lipids. .However, the lo$s
éf various lipids was not accompanied by an increase in
the content of free fatty acids. On the contrary, the
free fatty acid content decreaséd substantially. This
finding would suggest that the lipids were lost. in pre-
cookiné and coolina. steps as a result of eﬁzymic hydro-
lysis and degradatio%, followed by steam distillation.of
lipid breakdown products, since pure triglycérides‘and
other lipids were.nOt distillable under simulated condif
tions of cooking and/or mashing (Pun, 1979; Pun et al.,
1980) .

The relative fatty acid composition of total
‘lipids changed slightly during processing. There was a
slight accumulation in stearic and palmitic acids and a
slight decrease in the amount of polyunsaturated fatty |
acids. .Alsé, the fatty acid composition of.ﬁhé néutrai
: lipids (triglycerideé) did not”change to any.significant
. extent‘dufing processing into dehydraﬁed gpanuies. Hence,
~the unsaturation degree of all the lipias in freshly pro-
cessed granules remained very high, so off-flavor develop-
ment in dehyrated éranules woﬁld not be surprising. In

light of these results, galactolipids and phospholipids,
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, which contained the most unsaturated fatty acids, were
likely to be major compounds associated witﬁ off—flavor
development by autoxidation of potato lipids. Howevér;
the nature of lipids per se in potatoes appears to be

of eq&al importance?to the manner in which lipids are
associated with cellular components and the cﬁanges(in
the spatial organizaﬁion of theée:cellular constituents
in potato tissue as inauced by processing. The latter
might be a factor in Cohtroiling the quality of potato
granules; since dﬁring cooking. and subsequent processing

steps the lipids are embedded and/or spread over gelled

starch, denaturated protein and/or cellulose-pectin matrices.

<
-

As found by transmission electron\microsCOpy{
lipids'in cooked potato cellsAéxist in the form.of mem-
branes sandwiéhed between gelled starch and the cell wall
(Pun, 1979). Their ox%dation would be partially preventéd
during granule processing, especially during drying steps,‘
since they are”not'exposed directly to the drying air.
However, this séatial arrangement of lipid constituents

in dry granules would not be effeétively shielded because
bofh starch and cell wall in a dehydrated state would act
not only as spreading mptrices for the lipid'butAalso as |
promoters of oxidétive attack. Such’a possibility would
be greatly\minimiZed if lipids in tﬁe pr9cessed préduct

existed in combination with proteins, a combination which
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retards lipidloxidation (Khan_& Hadziyev, 1979).

In conclusion, the exidation rates ef.phospho-
and galactolipids in dehydrated granules would be a resul-
tant not only of the structure and unsaturatlon degree of

lipids but also of the nature of the matrlx with which the

lipids are assoc1ated
Autoxidation

Possible mechanisms of Autoxidative Rancidity
ﬁipid autoxidation in potato tuber occurs when
lipids react witn atmospheric oxyden. -Damage to the living
tissue disrupts the‘internal biochemical control. Such
disruptions can result from: a. physical damage (cutting
or bruising of the tuber); b. infection by microorganisms,
c. eenescence or death of the tiesue, and d. processing
of.tubers.
The mechanism of lipidvautoxidatien comprises
three major steps (Labuza, et al., 1971):
1. The molecules of unsaturated fatty acids are
excited in an 1n1t1al step by energy of light
. or ‘heat. Thls is a fast reaction which
usualiy is not.ratevdetermining.
2. In the second step (propagationﬁ there is a
transfer of energy fron one excited molecule

to another; oxygen is tied up as a peroxide
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free radical. This step has a rate constant
(Kp) .
3. In the final étep (termination) peroxide
free radicals are split by specific recurrent
reéctions, pfoducing'a wide VAfiéty of products
‘whiCh‘are offensivé in taste and odor. in.
ﬁhis step tﬁe iﬁitial product is usually-an
aldehyde resuiting from direc£ scission of
peroxide:

In practice it 1is impdrtantvto realize»that the
'presence of linoleic and linolenic acids or other poly-
unsaturated acids éan lead to'induced autoxidation bf'the
more saturated fatty aéids. Such an autocatalytlc effect
might involve a chain reaction with oleic ac1d, and a
saturated fatty acid may even act as a substrate. In
addition, autoxidation. is stfongly catalyzed by pOtato 
trace metal constifueﬁts kéu, Fe). Thus, dehydrated
proaucts, like potétq gfanules, are far more readily sub-
ject to oxidative rancidify than the corresponding faw
potato tissue. The effect of trace metal catalyéts is
A highly 51gn1flcant when dehydratlon is carrled out beyond
a certain moisture level The only explanatlon for thls is.
ﬁhat the trace metals ip such a product-are free, and not
complexed or coordinated with watef molecules, or simply are

.more active in the nonpdlar environment (Uri, 1973),
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3.5.2 Autoxidation Problems in Dehydrated Potatoes

The high degree of unsaturation of potato lipids

contributes to the gradual development of oxidative ran-

cidity of dehydrated flakes and granules. The first

extensive study of oxidative off—flavor development in
granules wastby Buttery et al (1961). 1In this study
potato granules,dprepared by the A-B process with sulfite
(300 ppm 0,) as the only additive, were packed in cans
in an atmosphere of air, oxygen, Or hitrogen and‘stored
at room_temperature. Controivsamples were kept under
nitrogen at -35°C. . The oxidatiVe degradation of linoleic
and liﬁolenic acids closely correlated with the voldme of
L N :

ongen'absorbed_and with the degree of off-flavor of the
product upon reconstitution. |

Since off-flavor development,was due to the pre—
sehoe of polyunsaturated fatty acids, their content was
expressed. as an unsaturation ratio (UR, a ratio of the sum
of 1indleic»and linole ic acids to'the sum of palmitic

and stearic acids p eSent in the granules). .The UR was

- suggested as a convenlent index for the probablllty of

autox1dat10n. Freshly dehydrated granules had a UR close

to 30. This decreased to 12 after 4-5 months storage 1n

air, and to 0.7 after 3 months storage in oxygen; _}“ |
The ox1datlon rates of ‘linoleic and linolenic acids

were similar. It was establlshed_that two moles of oxygen



21

N

were taken uﬁ for each mole of linoleic and linolenic , i
acids oxidized. Off-flavor scores fo# the'stOred granules,' |
as obtained'by a senéory panel, increaséd with avdecrease,

in UR. Oxygen absorbed from the headspaée piottechs
storage time’gave'a curve typical of lipid aqtoxidqtion.{
There was an ipducﬁibn perioa,;folldwed'by rapid oxida— 
tion (propagation step) and é tailing-off period.

Buttery et al (1961) also analyzed the heaaspace
Lapor of the Ean, and the vapor above hot reconstituted
granules. ‘They‘detected alaehydes kup to Cé) and hydro-

carbons (up to c Hexanai was the predominant volatile

5) .
from granule autoxidation. ItS'COncentration was about -
four times that of any othér major componént,tand ten times
that of the majoriﬁy of the otﬁer cémpoundé. The.volatile
frohréutokidized granules corresponded to theoreticaily» |
expected degrédaﬁion prqducté §f linoieic and linolenic
acids. | »

Evans et al (1969) péstulated and proved thermal
bfeékdown'of hydroperoxides, yielding specific Hydrocarbons;
The oxidation of pure linoléic ana!linblenic acias pro-

duced‘mostly ethane and pentane, which together constituted
. . » . : !

more than 90% of the hydrocarbons released. -Similar re-
sults were obtained for autoxidized potato granules.

Recengly, measurement of the concentration. of hydro-

Acarbdns'(pentane in particular) was suggested for determination

*
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of the extent of ox1dat1ve deterloratlon of dehydrated
mashed potatoes (Arnaud & Wuhrman, 1974)

Potato granules,stored in air do not show a high
level of headspace volatiles, but/there is a high concen-
tration upon steamydistillation,’or in the'headspaoe of
hot reconstltuted granules. This suggests thatithe'bulk
of off flavor constltuents derived from oxidized lipids
are released through the breakdown of Precursors after
;hot reconstitution of granules.

‘The relation ofvhexanal in héadspace to subjeotivel
flavor estimates was.reported by Boggs et al. (1964). Com-
mercially oroduced granules (7%'moisture; 2.5 ppm BHT,
“and 550 ppm sulfite,as SOZ) were sealed ln cans under air;
and ‘stored at 22°c. A control sample was packed under
nitrogen and stored at -34 C. Air-packed granules, when
reconstltuted,'showed a hexanal increase prooortional to
_storaqe;time. The increase was slow during the flrst two
months, suggestlnq an 1nductlon perlod ThlS was followed
by a rapld chanqe after 80 days, after whlch a regular
hexanal increase occurred up to 4 months of storage.
Hexanal concentratlon was—closely associated w1th flavor

v L 4
deterloratlon of dehydrated granules as judged by a test

-~ ©

panel. ‘
: Walter and”Purcell (1974) found that dehydrated

sweet potato flakes underwent rapld oxidative deterioration
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unless stOred in an atmesphere low in oxygen. Of rele-
_ vance to rancidity prohlems of dehydrated mashed pete—
toes was their sdggestion that autoxidation of .flakes
occurred in a bimodal fashion, with.free.surfece lipids
being oxidized at a_faefef rate than.internally located
bound”lipids; kThe loss of bound fatty acids was almost
‘tOO'slow to be'detectable, whileysurface fattyvacide had
aﬁ induCtien‘period of 18 days. The_factbthaf 76% ef
unsaturated lipids‘oceufred in bound 1ipids and the
-bound lipids were oxidized at much’ lower rates than sur-
face 1ipids‘stroﬁgly suggeéted‘thaﬁ environmeht was eften
more important for autoxidation than 1ipid composition.

| A plausibie.explanatioh of bimodal.autexidationd
in,flakes was that processingdbrings about a trapping‘of
up to‘90%‘of the lipids within gelled eafbohydrates and
protein matrices. This matrix prdﬁecﬁiqn-might retard
lipid autoxidation. However, lipids on the flake'surface'
are freelyfeqused to air and consequently, are readily
oxidized. Therefore, the rancidify reeponsible‘fof

short shelf life of dehydrated mashed potatoes might be

attributed primarily to surface'lipids (Walter et al., 1972).

i
.

Khan and Hadziyev‘71979), studying accelerated
aﬁtoiidation of potato lipide in dehydrated model systems
.and thato granules, fohnd that oxidation rates were

highest with glycolipids, followed by phospholipids.
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Neutrai llpldS, most of which were saturated, were ox1—'
dized very slowly. ‘The authors squested that in-a pro-
cessed potato product the most unsaturated llpldS (galac--
tolihids)'&ould be most Suseeptible'to degradatioh, and
that'this would be influencedvby‘lipid orientation within
or on the surface of the protein and/or carhohydrate ma -

trices of the final product.
Packing and-Storage

Atmospheric Storage

L 7tile components associated with storage changes

ted potato products can arise from reducing
~ .
fho acid’interaction‘and from lipid oxidation.

;for 51x months, as reported by Sapers et al (1972)/

I

resy fd in only small increases in the éontent of low—*;,,///

aldehydes, and of furfural. Phenylacetaldehyde,

?jor component of potato flake volatile concentrate,ﬂ;a

B

ased slowly during the flrst three months‘of storaqe,
benzaldehyde. leferences between the level of
furfural &nd the”Strecker degradatlon aldehydes were smail
and variakbie in flakes packed in air anddiﬁ nitrogen.
TheSe fihdings Suggested that‘dehydrated~potato granules
and flakes aacked in nltrogen might undergo further non-

n

enzymic browning reactions during storage, yleldlng volatiles

Mfal to flavor. However, the shelf life of flakes

e

//
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~vas not normally limited by ‘flavor defects due tO'sugar—
‘kamino acid interaction%A The major ob]ectlonable flavor
defect was derlved from llpld ox1datlon, whlch could be
controlled to ‘a certaln extent by BHA or: BHT and by packlng
in nltrogen Flakes stored ‘in alr at 23°%C for up to 6
~months showed a substantlal lncrease in compounds clearly
‘indicative of llpld ox1datlon. ‘ |
.The possible effectiveness of usjng,cartpns'for
storage of'dehydrated mashed potatoes‘was‘teSted'by

LiSberg and Chen (1973).“Their study involved freshly prof'
cessed’granules (6% moisture, ll ppm BHT, and 38 ’sﬁl:gg//if

fite as SOZ) stored at 24° -Cr and’SO% relatlve humldlty

_under’ air or nltrogen in sealed cans or foil- llned and/,///

e

/
polyethylene-coated cartons. HexanalfWES“not detected

untilﬂthe/thifd'montn of storaage. ‘Differences in flavor d
‘and aroma were significant only after the.fourth and sﬂxth
months.. The content of' BHT declined‘steadilv tov6.7 ppm‘

v‘in cans and 1. 7.in4cartons | |

Overseas shlpment of granules in polyethylene—

.y llned paper bags during summer may result in exten51ve

ranc1d1ty; Some shlpments of add-back granules (7% mois-
ture, 550-ppmvsulfite aS‘SOZ, and ‘close tO‘lO'ppﬁ BHT) be-

, Came'rancid after a transportation peribd of-four.months
(Dornay Foods, 1976) .

Hexanal 'levels determined by the pr0cedure described

. .
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by Buttery and Teranishl (1963) and Boggs et al. (1964)-

were 4 - 5 times’ hﬁgher than commerc1ally permltted ‘ The‘

levels of S0, decreased at the same tlme and tended to

reflect the extent‘of ranc1d1ty The samples w1th minimal

hexanal levels retained about 4 ppm. of_ggglgéigant¢,and’—’“ -

the sllghtly ranc1d ones only tr/ces, while the highly

rancid granules complete “lost all the'antlox1dant.

Nitrogen age

| Oxidative deterioration can be retarded greatly

by nacking potato'granules_in nitrogen. However nitrogen -

- has little effect on the rate of browning. Nitrogen

packing is used commercially'for control of~oxidative
deterioration. While oxidation ls-largely prevented,'it

still occurs to a much lower extent, presumably because of

‘the small amount .of residual oxygen that is usually pre-
' sent (the package usually contalns 0.5~ l 5% 02). When

'vpln holes occur in the foil laminate, heat-sealed bags"

usually used for retail distribution,'oxidative.deterioraF‘

‘tion may be severe. Packing in nitrogen, is, of COurse;

of no further beneflt after the container has been opened
(Talburt and Smlth, 1975)

It 1s evident from the foreg01ng dlscu551on ‘that

lllpldS are prlmarlly respon51ble for off-flavor ‘in stored

dehydrated,pOtatO‘products.ﬂ'Although packaging in.an

inert atmosphere is quite effective in preventing oxidative

26 -
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deterioration, packaging and material costs are so high

that other methods of preventing oxidative changes in

potato granules are preferred. In commercial practice,

incorporation of antioxidants into the dehydrated product
remains the most practical and cheapest way of countering

the‘oxidative deterioration problem.

‘Mechanism of Antioxidant Action

The majority of antioxidants which are used in
foods are effective because:they‘interrupt the chain pro- .

pagation process of autoxidation (primary antioxidants).

The formation of free radicals cannot be entirely sup

[ el ’

pressed, but can bé’retarded by a group of compdunds able
to complex heavy metal ions (secondary antioxidants).
Tﬁese compounds have little effect in the absence of pri-
mary "antioxidants. However, they enhance‘érwégeafly‘
érblong éhe_aétion of primary'éntioxidants. Such syner-
éispic ability has been ascribed to ascorbic and cifric
acids. However, in dry systems these acids function more
as chelating agents which complex with trace metals, thus
making them leés available for the inigiation step of

lipid oxidation. In the presence of increased moisture,

Ascorbic a¢id performs as a primary antioxidgnt (FAO Nutri-

‘tioﬁ Meetings Report,.Series #50 C, 1972).

€

. { : . )
- .Phenols are the most commonly used antioxidants

-
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due to their light color, unobtrusivejgd%r and taste, low
toxicity and effectiveness atvlow concentrations. Widely
used in dehydrated potatoes are BHA (a mixture of 2 and
3¥tert—butyl—4—hydroxyanisole),ABHTy(di—tert-butylfp«
crésql) and PG (prole gallate).. However, the‘ability of ‘
BHA and BHT to remain active in food éro@ucts after heat
treatments liké baking,‘frying orrdehydration makes them
\'the first éhoice as antioxidapts (Lundberg, 1966).
- Synergism in mixtures between BHA and BHT is
-usuaL}y additivé. Synergism in miktures between BHA
"and BHT as w;llAas betweeﬁ»BHA and PG provides increa;ing‘
%antioxidant potency« Therefore, BHA and BHT are usually
added together in the mashing step of potato processing.
e & : .
In order to‘obtain.a¢gbod distribution in the mash, they
are added in an emulsibn or in a solution using ethanol
as a solvent. an example is a patent assigned to the
American Potato Co. (1967) in which an ethanol solution
of'BHT is‘édded to mashed potato pribr to dehydration.
In freeze-dried whole foods where tissue integrity
" has been preserved, lipids are generally not well pro-
‘tected by syntheFic'antioxidants (Porter et al., 1977).
JHoweverF these antioxidants do function well when théy
are incorporated»and homogenized intb the lipids iniVege—
table oils and lard. Hence, the poor protéctibn in dried. .

whole tissue foods, including'granuies or flakes, might be -

€,
o
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due to the iack of ready access of the antioxidant to
sites of oxidation, i.et, polyunsaturated polar lipids of
the membrane systems of the tissue.v ‘

Antioxidant effectiveness in dried membranes on
porous»and dried model‘systems coated with a monolayer
of iinoleic.acid was reported»by Porter et al.(l977).

BHA and BHT were 3.6—'and l.l—times ’ respectively,

more effective than tooopherol, while caffeic acid was
also suoerior (2.l-timeS). ' The caffeic acid result was of
intereSt since it is one of the natural'phenolic acids
present in potgto‘tuber. These model experiments showed
that BHA was by far the most effeotive entioxidant on

a silica,metrix'that-simulated dry membranes. Model sys-
tems of microcrystallinekCellulose, glycerol and methyl\
.linoleeteshowedPG to be more effective than BHA, but
only at water activitigs above those typical for dried
foods (Labuza et al,, 1971).

Improvements‘in shelf life Qith antioxidants in
model/syétems consisting of methyl linoleate, glycerol.
and microc;ystalline cellulose at water activities of 0.11
and 0175 were reported by Ragnarsson et al (1977). It '
was found that the primary antioxidants, éHA and BHT,
gave significant orotection in a temperature range of

25-45°C when compared with PG and tpcopherol These

authors also reviewed the value of procedures referred to

P
!
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as accelerated shelf life tests (ASLT) in which the
acceleration parameter is‘a substantial increase in tem-
perature. They stressed the fact that predictions'of room
temperature shelf life based upon a single high temperature
ASLT could not be done with any degree of confidence4
unless the reaction rate increase fdr,a lOOC temperature7
rise (Qlo) was the same for the sample containing the anti-
oxidant as‘for the control in which antioxidant is.omitted.
For a low watervactivity sys_tem‘(aw 0.11) the normalized
induction period (the time required for 3% of the linoleate
to oxidize)_divided ty the time needed forga control) was.
20 for BHA and 15 for BHT at 45°C. At room‘temperature
the values were more than doubled This 1llustrated
that a single ASLT study at 45°c could lead to a signifi-
cant underestlmatlon of the shelf llfe extension at room
‘temperature and, consequently, to a very 51gn1f1cant over-
use of antioxidant. |

Activation energy (E,) values were obtained for
model systems used by Ragnarsson et-al (1977). The E, for
a control of an a, of 0.11 was 13 kcal/mole. In the pre-
sence of primary antioxidants it’increased to about 20 ‘kcal/
mole. Ascorbic acid, instead of 1ncrea51nq the E of lipid
oxidation, appeared to decrease it. Nevertheless, it was.
concluded that, in the presence of an effective primary

antioxidant in the temperature range of 25—450C, at least
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part of the decreasing effect of the antioxidant on the
oxidation rate occurred as a result of a rise in the’Ea

for lipid oxidation.
Use of Antioxidants in Dehydrated Mashed Potato

Relevant data about the effects of antioxidant

~treatment on flavor quality and sfability bf dehydrated

mashed potato€s were reported by Sapers et al.(1975).
Since efforts to étabilize the membrane lipids in a mashed
potato system must content with the problem of dispersihg
fat soluble antioxidants in a medium cohﬁéining cibsé to
80% waﬁer, it was suggested that antibxidants in. flake
procéssingvshould be added asvcomponentSqof emulsiéns
containing other ingredients, or as alcoholic sprays.

When levels of added BHA and BHf were 55-60 ppm
on a dry weight basis, drying the mash on a‘singleﬁdrum
dryef reduced the levels to only.l3-20 ppm, regardless
of the\method of antioxidant addition. This corresponded
to a recovery of only 15-35%, which'is‘still better than
the 10% experiencéd in potato granule production 'in which
a fluid bed dfyer is uéed. The,initia} antioxidant losses
resultéd mostly from volatilization and steam distillation
during the additidn of aﬁtibxidants to the hbt mash and
during drying of the mash. Ho&ever,,additional losses

of antioxidant were eﬁéountered during storage of flakes .
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fer up to one year in air at 230C.; Under these conditions
the losees of BHA‘were‘negliqible, while those of BHT
were 14-22%., Also, the method of antioxidant addition
had only a small effect on the storage stability of air-
packed flakes. |

Mean flavor scores obtained by a taste panel com-=
plemented the results of gas chromatographic analysis of
oxidation products in headspace and in volatiles isolated|
by steam'distillationl These scores were the loﬁest in
flakes to which BHA and BHT were applled by spraylnq and
were the hlghest when BHA and BHT were added in an emul—
sion. After six months of storage, the ox1datlon product
1evels>1ncreased by the same amount regardless of method
of addition, while after one year the levels were highest
- in the samples to which BHA ahd BHT were applied as an
alcohelic spray and in those wherevthey were‘applied in
a corn oil solution dsing an.aerosol)sprayer. Neither the
mean flavor scores nor the volatile oxidatiOn_product P
leQels appeared to correlate with initial or final amOuntsr

b 8

of BHA ahd BHT. 1Indication that antioxidant coheentration
was inversely related to the level of oxidation products
was observed only;during'the sixth to twelfth months of
storage. | | |

Sapers et al. (1975) also tested the stability of

potato flakes containing quercetin or caffeic acid, or
. 4 .



33

their combination with BHA and BHT. The results indicated
thét“ailnéémpleé‘were ihitiélly satisfactory with respect
to fiavof scores and 1;vels éf volatile oxidation.productsm
'Howevef, flakes containing just quercetin or cafﬁeic
acid_alone‘detefiorated during storage twice as much as
samples éontaining BHA and BHT. This poor performance of
these natural antioxidants of the‘pﬁtato might'be due to
‘their léw‘mobiiity in the déhydrated.syétem or to the use
of an inadequéte concentration. However, higher concen-
trations;probaﬁly céuld not be u§ed‘in flakes because of»
their bitter flavor. and the obje¢tionable yeliow colof

of quercetin. ' - o ST ‘ i g

A combination\of quercetin with BHA and BHT applied

Attt iy

as an ethanolic spray resulted in a flavor score, after
‘ i

six months storage,‘that was highér'than flakes with BHA

e

and BHT alone. Mpreover, there wére lower levelf of *
volatilé oxidation prédugts after dne year. , Further re-
seérch should be done in oragr to assess fhevppteﬁtial
value of such'combinatiéns. |
The\control ofboxygen:in headspace of‘caps appear
to be a promising way to suppress rancidity. Déébald
~and McLemdre (1964) found that type I antioxidants were | ;
effective with swéeﬁ potato flakes only when the oxygen |

level was 10%. Moreover, Drazga et al. (1964) found that

exclusion of oxygen and its replacement with nitrogen provided '

L J .
¥
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as good or better protection than addition of BHA BHT

or tocopherols to white pdtato flakes.

' Methods for Antioxidant Analysis

An additional problem encountered during studies

of the effectiveness of antioxidants is their quantitative -

analysis since their concentration in the product is nor-

mally at the ppm level. Several methods have’been developed’

for processed foods, each with some inherent advantaqes
and disadvantages To further complicate the matter,
the accuracy of the results appears'to.rely'heavily on

tHe extraction methods used to separate antioxidants from

 processed food matrices. Two general routes exist’ for the

determination of antioxidants in foods. One is for foods
with a high fat content such as nuts, processed meat foods,
and some baked products and is of no relevance to thisl'
study, while the other is for low fat foods like some
cereals, rice, and potato flakes and granules.

In dehydrated mashed potatoes the determination of

,,phenolic antioxidants, though assumed to be standarized,

is still subject to further'improvement' Filipic and Ogg

(1960) reconstituted dehydrated samples and recovered

antiox1dants by steam distillation BHA was determined

by reaction with Gibb's reagent,_and the total antioxidant

content by Emmerie-Engel's method (Emmerie and Engel, 1938).

O TS T H S
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The content of BHA was then calculated by difference.

Colorimetric'determinations, however, can be inaccurate
if there is even a trace of sulfur dioxid® in the dehydrated

sample.” In addltlon, color development is not spec1f1c '

 for. BHA and BHT. . The presence of other redu01ng sub-

stances 1ntroduced for example, by the addition of spices,
may glve rise to overestlmatlon of antlox1dant levels

Color development is also sen51t1ve to temperature and

Al

’llght,'and conSLStent time control is usually neces-

.1

sary. More recent techniques are gas chromatography,

spectrophotometry, fluorometfy, and pulse polarography.

Gas-Liquid Chromatography
In recent years a varlety of methods have been

developed for the estlmatlon of;phenollc antloxidants by

. o SR .
’gas~liquidlchromatography; In Eeneral they are more

rapid than colorimetric detection methods and are much

more senSitive. Many of the reported“systems'are suitable

for BHA and BHT. Buttery and Stockey (1961) extracted

BHA and BHT from potato granules with petroleum ether.

The extract was concentrated and injected onto a column

packed with diatomaceous earth (firebrick) coated with

- 20% Apiezon7LQ This method, although sensitiye, requires

aging(afthe polUmn for 1 week at 220°C. Potato lipid,
Wthh is extracted along with the antlox1dants, produces:

some base line noise,’ thus llmltlng the’sen51t1v1ty at

\
e,
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‘WhiCh“the:detectbr can be used, However, thé_maih error
seems-tb.resﬁlt from incbmélétegextfaction of antioxi-
dants from the qfanules., - . i |
" The method~présented by Séhwecke‘and Nelson (1964) .

uses a 10 foot aluminum Cblumn(pécked with SE-30 silicone
gum (2%) and>Tween—80 (1%) coa;ed on éhromosorb'W-Type
ABS, 70—80 mesh. iﬁ-£heir procedure a 10 g sample of
pbtaﬁQ granﬁles is ext;é¢£edAin a glass chromatography
Icoiumn.with diethyl_ether’as'eluent.V-Di-BHA (3-4 di-
tert—butyl—ﬁ—hYdroxyanisblé) is-added as an intefna&
‘standard; ipd'the eluate is concentfated»and a ul aliquotF

injected for analysis at 150°C.  The average recovery of “ 3

A ¥

 antioxidants was 98.2%. ,
‘GLC procedures are accurate and reproducibie,
and in. practice BHAvaﬁd‘BHT can be_detectediét concen- ‘ ' i
trations gs iow'as 2:ppm.v Héwever, quantitativeAaccuracy_ |
falls off rapidly below tﬁe S-ppm'levei. The main pfo—
blem in aﬁalysis by GLC seems to be icontamination of the
cblumnAby‘potato lipids. Hartmann ana Rose (1970)'spgj
gésted that a short précolumn of siiiconized élass woolv
be located in the sample injectibn port block as a frap
for ndnvolap}lized 1ipid$. The trap must be frequently =

replaced.

3.9.2 Thin-Layer Chromatography Techniques

Spectrophotometric analysis of samples from

K Vowd i Tt e |
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cereals after use of paper chromatography or thin-layer
chromatography (TLC) for antlox1dant purlflcatlon mlght

also be applled with dehydrated mashed'potatoes, but the

methods are time consuming and inaccurate at levels below

S-ppm. However, separation of BHA, BHT and PG using

"glass TLC plates w1th 5111ca gel as absorbent and’ benzene

‘as a solvent (Sahasrabudhe, l964) did prove to be a rapid

and-reproduc1ble method for quantltatlﬁe separation of

BHT and the 2- and 3~ BHA lSOmers If a similar method

)

could be used with fused silica rods, wherein the developed

& ST
/ rods are charred below a flame lonization detector and the

amount of thermally generated ions is measured, the tech-

nlque would be a 51mple, accurate and rapld method and

‘ the sen51t1v1ty level w0uld be 0. Ol ppm or better (Had21yev

and Beaulieu, 1980).

- Spectrofluorometric Method

The overall simplicity of an’analeis based on

the intrinsic fluorescence‘of BHA is an attractive fea-

ture, Although tgg quantum yield for BHA fs emall; it

_is‘still»adequate for a sensitive spectrofluorometric

procedure. Dilli and Robards . (1977) introduced the method
for dairy products, oil and margarine, with a sensitivity
for BHA‘of at least 0.01 ppm. BHT does nobt interfere
since its quantum-yield is very low. However, BHA must

be isolated by short but vigorous steam distillation of
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2774
tion h recommended for the distillate is 293 nm,
while Yhe Jl emission is ready at 323 nm.
Methods) ged on Voltammetry

?5oltammetric method wasgdeveloped by McBride
11973) for the determination Of,stericelly

”Fnolicsy including antioxidants soch as BHA,
BHT, PG, t®M¥opherol and tocopheryl acetat . .They des-

cribed a procedure for the rapid analysis of phenolic

antioxidantsilin fat:and tocopherols in foods from a.sidéleb

polarogram § very short analysis time. An inexpensive

voltammetric instrument was employed in their study with

" no novel features involved in the design. They used a

voltammetrlc cell fitted with three electrodes. It was
equivalent to_a’classical polarographic. cell with one

working-electrode and .an aqueous saturated calomel elec-

platlnum wire served as the third so- called counter elec-

trode._ The worklng electrode was a glassy SOlldlfled 7

carbon paste electrode, Wthh was sealed with epoxy cement
at the end of ‘a 5 mm glass tube. The surface of the glass
tube-carbon rod assembly wasfpolished with emery~paper

until it'was quite smooth. Then, using a- rotary pol}sher

'and alumlna powder, the surface of the glassy carbon was

brought to a mlrror flnlsh

e O e e LT N
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'An.6£§anic soiVeﬁf»mixture\of ethandl‘and beﬁ—»

éene Was used. Thoughbﬁumerous électrolytés ranging from .
potaésium'ﬁydroxide;to hitric acid Were invesﬁigated,
dilﬁte.sulfuric acid‘was founa tO'bé superior. Mos£ anai§ses
were pérformed'usiné_o,lZ M‘sulfhric acid in 2:1 ethapoif

benzene (v/v). The reproduéibility of the method was

- ac=guate.  In a‘singlefvoltammogram the~peak potentiais

AN

N

(in Volts) wéré: -q—ﬁocopherol, +0;57; B—Y—tocopherbl,
+0.67; §-tocopherol, +0.74; BHT, +1.03; and BHA, +0.78.
‘The peak;potential of.BHA practicaliy éoinqided with
ggg?“éf G—tocoﬁherol, hencé,_éHA.can'only be'defermihed
if the sample doeé.not cohtain‘appreciable amounts-of this
tocophefol isomer. |
ThevadVantéée of the hethod.ié the:rapiditonf

analysis compaféd to.a=¢onventi§nal GLC prOcedure.v A
small disadvahtage is that ﬁhe elé%prodé sﬁrface‘muét be
poLished in order tlenéure reprodﬁéibility and high
sensiti&ity. o ? |

| ngtking et al. (1977) compared the voltammetric

method to a GLC procedure for deter ination of tocopherols

el
/

" in vegetable: oils. Voltammetry wa§_foundsto be much more

- rapid and.2-3 times more precise.

A

ts to establiéh

- the validity of the slightly highér apparent values for

&

a= and y-tocopherols obtained by vbltammetry implicated - .

gas chrqmatography per se or tdcophequ derivative formation

P L P
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as the source of error, rather than the extensive
o Ak . R
prior manipulation of the sample for chromatography

~Essent1ally, fairly con51stent results were obtained tor
a- tocopherol regardless of the technlque used 'However,h
more varlable results, Wthh were product dependent ‘were ;
obtalned for y- and &~ tocopherols when the GLC method

was applied. , e

" In an attempt to 1mprove the sens1t1V1ty of ‘the

voltammetrlc method dlfferentlal pulse voltammetry was

‘,applled by Podlaha et al. (l977) to slmultaneOusly re-

cord the presence of a-, y- and d-tocopherols. The results‘

'by pulse voltammetry/and high performance llquld chroma—
.tography were compared. Ankanaly31s by t—test at the .99%
.SLgnlflcant Jevel showed no differences for the determlnar
thons of a- tocopherol, but -some dlfferences were found
'for the. other isomers. | The.voltammetrlg method was found“
to beauncompllcated'and therefore, surtable for routlne'
work. The dlfferentlal pulse technlque, as;compared to'
..a nonpulse, voltage ramp mode,'ls more sen81tléijand offer:
1ncreased resolutlon between nelghborlng peaks o A
leferentlal pulse voltammetry wdas applled suc-
cessfully by Haydar and Had21yev (1979) in the. analy51s
of tocopherol, carotene, BHA and BHT present as - addltlves

in dehydrated potato granules. Generally, potatoes do

not contrlbute a’ 91gn1f1cant amount of tocopherols to the

J
;-
e

o~
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diet. Bﬂnell et al. (1965) reported the mg % of a-
tocopherol and total tpcopherol to be, respectively,
0.053 and 0.085 fof‘raw, 0;027\end 61055 for baked, and
“6.043 and 0.061 for boiled potato. Tocopherol was not
deteeted'in granules of the potdtq cv. Netted Gem. Since
G-carotene had’d‘half—waQe pptedzdzl of(;0.58 v, it did
not overlap with the half-wave potentials of BHA and BHT,
while B- carotene did not interfere as it is present only
in the yellow potato cultivars. BHA and BHT were accur-
ately determlned since their half-wave potentlals were
well separated. BHA, +0. 78 V and 'BHT, +l 03 V.

| Based on the above, dlfferentlal pulse voltam—
metry was chosenﬁas the méthod -in thlS study for simul-
taneous determination of BHA and BHT in dehydrated potato

&

granules.
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4. PREPARATION OF POTATO GRANULES

WITH THE F-T PROCESS

Materials

Specific

"obtained

®

Chemical

with 42%

‘Southern Alberta grown Netted. Gem potatoes of

gravity 1.097 (25+ 1% dry matter content) Were
from "Iwabuchi and Sons Ltd.", Edmonton.

Sodium bisglfite (NaHSO3) was from J. T. Baker
Co., Phillipsburg, N.J. .

Myvatex (a blend of 58% propylene glycol monoester

distilled monoglycerides, prepared from hydro-

genated soybean o0il, with not more than 0.02% citric acid

added) was supplied by Kodak DPI, Rochester, N.Y.

Equipment #-

Mfg Co.,

Abrasive potato peeler, Model 6115, The Hobart
Don Mills, Ontario.

Commercial Mixer, Model D-330-T, equipped with

a wire beater, The Hobart Mfg Co.

Vegetable Slicer, Model H 4212, The Hobart Mfg Co.

Atmospheric Steam Cooker with cover 1lid.

. Stainless steel baskets, 22 x 20 cm x 10 cm height.

Stainless steel trays, 60 x 46 cm.

Air blast freezer with minimum air temperature of

42
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' -29°C and air velocity of 1.42 m> s,

Manesty Petrie Fluid bed dryer, Model MP 1l0E as
modified by Ooraikul (1973). Manesty Machines Ltd., Speke,
Liverpool, England. |

Speedoméx 12 point temperatUgﬁ'recorder. Leeds
and Northrup Canada Ltd., Ontgrio. ’
| Canadian Standard sieve Series, and portable

sieve shaker, # PX-21, The W. S. Tyler Co. Canada Ltd.,'

St. Catherines,. Ontario.
Procedure

The raw potatoes were peeled, sliced, washed
and soaked in 0;1% NaHSO, solution. A batch of 1.5 kg
was loaded into each of the ' stainless éteel baskets and
steam-cooked for 35 minuteé under atmospheric préssure.
Thevcodkea potatoes, along with 0.25% of surfactant
(Myvatex),was recommended .by. Ooraikul and Hadziyev (1974),
were immediately mashed for 2 min in the Hobart mixer
equipped with a wire beater. The speed of the mixer was
approximately'400 rpm. WheneQer required by‘the experiment,
antioxidénté were incorporated-at mashing time.

The>mashed potatoes (3 kg) were spread about 1 cm.
thick on a stainless steel £ray and frozen over night in
the air blast freezer at -28° éo -29°C. The frozen pota-

toes were thawed to about 0°C at room temperature before
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being charged into the fluidizing bowl. The bo&l/was.
fitted with a hlade etirrer and a collection bag. Temp-
eratures of drylng air and exhaust air were recorded on
the Speedomax recorder, and the air veloc1ty thfouqh the
fluidized bed was regulated by a regulating valve in the
exhaust pipe. |

Predrying was performed With incoming air temp-
erature of 85°C and velocity of 130 m/min, and etirrer\
speed of 30 rpm. It took 20-30 min to reduce the moisture
of the mash to the desirable 40-45% leveiE\\ft\tZ;e stage
the product was‘in the form of small aégregates a few
cells which were carried in the air stream to the cyclone
collector. |

- The predried product was recharged into the drylng

bowl after the blade stirrer was replaced with the beater
stirrer. Granulatlon was then performed at 25—30 C, with
an air velocity of 30- SOanln and stirrer speed of 400 rpm.
: Granulatlon took 8 ~10 min during whlch cell agqregates
were separated 1nto fine granules of single or a few cell
unlts which were carried in the air stream to the c;clone
collecting bowl.

The fine granules were recharged into the. fluid-
izing bowl for final drying at SSOC with a 115 m/min air
velocity and no stirring. -prying took 10-15 min, after

which the dried granules were sifted through a series of
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10, 18, 30, 35 and 60 mesh sieves on the sieve shaker.

The particles which passed throuqh the 60 mesh sieve were

packaged as product and used for further experlments

Every batch followed the same processing procedure except

‘for the experlment on the effect .of changes in processing.

temperatures on antlox1dant retentlon, where the predrying
and drying air temperatures were lowered to 50 and 60° c,

" respectively.

&



5. vAPPLICATION OF ANTIOXIDANTS
Materials

BHT{ crystalline (2, 6—di-te£t-butyl—p-cresol),
analytical grade, Siéma Chem Co., St. Louis,vMO. |

BHA, anhydrous . (mixed isomérs«Z: and 3-tert-
buﬁyi—4—hydroxy anisole), Sigma Chemical Cb., St. Louis,
Mo.

"Ethanol, anhydrdus, Baker analyzed reagent, J.
T. Baker éhem. Co., Phillipsburg, N.T.

. J .
Tween 60 (Polysorbate 60), Atlas Chemical Indus-

tries, Brantford, Ontario.
© Equipment:

_Kitchen Mixer, Type KM32,-Braun AG, Ffankfurt.
Turbula Mixer, Type T 26, Willy A. Bachoefen,
Bésil, Switzerland.
Virtié "45" homogenizer, Type Supef 30, Virtis
Résearch»Equipment, Gardiner, N.J.
. Atomizer (connegted to a compreésed air line),
100 ml capacity, Desaga, Heidelberg, West Germany. .
" Mortar and pestle R

Bu;ette (50 ml).

46



5.3 Methods

Antioxidants were applied to cooked and mashed

potatogs:in three major forms: ’

5.3.1 Powger
| BHT and BHA or BHA alone were finely ground in
a‘mortar before use.&‘For éomplété and unifbrm”iﬁcorpora:
T tioh, the powder was added only durihg mashing Oprotatbes

‘with_the temperature of the mash at»least 7OOC.

513.2 ﬁmulsion
Two formulations of emulsion were £ried.
Emulsion #l.conéisted of: | %;
'Myvatex C e e e e e O.ZS% w/w (based on cboked
- potato weight of
approx. 80% moiSture).‘
Antioxidants . . . . as required by the expe;imenf.
Water . . . . . . . . 2.25% v/w (based on coqud
| pofato'weight);
Antioxidants and Myvatex were mixed and‘groundiin
a mortar. The mikture Qas then added to water preheated to
80°c, and homogenized with the Virtis "45" homogenizef
until a soft, milky émulsion formed.
| Emulsion #2 consisted'of;
Myvatex . .7. ,f.i. . 0.15% w/w (baéed‘on cooked

{ pogato‘weight).
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Tween:60 S, .'0;10% w/w (baéed on cooked
| | potato weight).
Antioxidanfs .. ; as required by the experimént.»
Water . . + . . . . . 2.25% v/w (based on cooked |
Botato weight).
‘Antioxidants and Myvatéx_were diSpefsed iﬁ Theén .

60, then added into water pfeheated to 80°C, and homogenized

with the Virtis "45" homogenizer at slow speed .to obtain

a soft, milky~emglsion.’ The emulsion was incorporated into

the product by dripping it from a,burette onto hot potatdes

~while they were being mashed.

3

Ethanol Solution

The required amount of antioxidants was dissolved

'in 'a small volume of absolute ethanol (approx. 100 ml of

~ ethanol solution were prepared for 4 kg potatoes) béfore

beihgkapplied to the product. The solution was‘inéorporatéd

!

“into the product by either spraying it with an ataomizer =~

or dripping it from a burette onto the product during
mashing. or mixing. The etﬁanol solutiq? could be easily
incorporated iﬁto the prbauct at any stage of pcheséing ’
sincé the solution does not.cohtain surfactants which require,
addition exclusively during mashihg. Thereforé, the éfféct

of procesding on antioxidant retention was determined by

adding it to the product at various stage of processing.

[T
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This 1ncluded’

a) Appllcatlon at the mashing step by spraylng

| and/or dripping. - ’ ' -

b) Applioation et the thawing step bybspraYing
the solutlon onto the mashed potatoes before
predrylng

c) -Alelcatlon of half of the quantlty at the

e mashlng step and the remainder at the thawing
step.. N .

d) ‘Application to dehydrated potato granuies by

spraying and mixing'in,a Turbula mixer, and
. S o vby dripbing and mikingkwith a wire beater

in a Braun Kitchen mixer.
5.4 Moisture Content

M031ture content on potato samples was determlned
,from the average weight loss from 3 repllcates after
/
heating 10 g of each at 55° C for 5 hr then at 105°C for

2 hr in.a mechanical convection oven.

e
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6. ANALYSIS OF BHA/BHT IN DEHYDRATED
A "

e v POTATO GRANULES

6.1 Materials

6.1;1'Reagen£s
Beﬁzeﬁe; Aﬁalar BDH Chemicals,;Toronto, Ontario. .
Ethanol, anhydrous.' Baker analyiéd reaq‘ent,r |
J. T. 55ker Chgmical Co.(Phillipsburg, N.J. | .

Sulphuric acid. A. Cc. s. Reagent, Fisher

Scientific_Co., Fair Lawn, N.J.. -

6.1.2 Equipment
| Chromatograéhic Columns, 25 x 1 cm i.d. with
pofosite fritted disc (ASTM 25-50 pm) and femovablg Teflon.
stopcbck; ’» | -
~ Volumetric flasks, 10, 50, 100 and 200 ml.
Steam Distillation‘Unit
1. Electrothermal mantle) 2L
2.  Round bottom flask, 24/40 joint, 2L

A

3. Three-way Claisen distilling head, 24/40
joint ' |

4. Thérmometer, -10°C to +360°C,'10/30 joint

5. Distiflation tube adapter,‘24/40 joint

”;ﬂﬁﬁL_wThree neck flask,.24/40 vertical joints, 1L -

7. Tube adapter, 24/40 joint

50
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8.‘ Condenser, West type, 500 mm, 24/40 jOlntS
9. Condenser adapter, 24/40 jOlnt
Dlstlllatlon Unlt | - _Y. - 'a /
l. Glas col heatlng mantle, 100 ml. Glas~- Col
Apparatus Co Terre Haute, In.ﬁ ‘
2. Round bottom flask, 100 ml, 24/40;joint
3. Two way oonnectlng.tube, 24/40 joints,
“with 10/30 joint for thermometerI"
4. Thermometer, -lOOC to +3600C, 10/30 joint
5. Condehser, West type, 300 mm, 24/40 joints
6. Condenser‘adapter, 24/40 joint |
Instruments .‘ |
Houston Omnlgraphlc X-Y Recorder, Model 2200- 3-3 -
Polarographlc Analyzer, Model l74A
Saturated Calomel Electrode, #9311- glaSSy Carbon
Electrode, #9333; and Pollshlng Kit, ,‘
#9320, all by Princeton Applied Research
Co., Princeton, N.J. o

Pyrex glass cell with Pt wire counter electrode
6.2 Procedure

6.2.1 Extraction of BHA and BHT
Differential pulse voltammetry analysis of phenolic

antioxidants is not direotly applicable to dehydrated

potato granules since the antioxidants are dispersed and
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trapped in potato matrices. Therefore, it is necessary

to isolate and often to concentrate the antioxidants

present in the sample

Extractlon of antlox1dants from dehydrated potato
granules was performed by the method suggested by Haydar

and Had21yev (1979). A glass chromatographic'column was

fllled with a 5 g. sample of dehydrated granules The

antlox1dant was eluted with benzene, collecting 10 ml
of effluent. In prellmlnary assays the recovery w1th1n

the flrst 5 ml effluent was 96 8% of the total amount of

BHA addedﬂlnto the granules Addltlonal volumes of

effluent dld not contaln detectable quantlty of the antlox1-
o .
dantv Similarly, a recovery of 95.3% for the first 5 ml

extract was obtained for BHT (Flgure 2). N~ .
. ¢ RN -
{ oo
The same method was used for extractlng the to

antlox1dants from samples taken’ durlng dlfferent stages

of processing, as long as the m01sture»content of the

"sample~was not higher than 40%. Samples w1th hlgher mois-

tures ylelded a water—benzene extract unsultable for dif-
ferentlal pulse voltammetry analy51s Bleth et al. (l978),

in thelr comparatlve study of the pr1nc1pal methods of

‘separatlon, establlshed that only two methods can give good

'“3h m01sture samples, i.e., continuous ex=

nol, and steam distillation as des-

nd Ogg.(1960). Theasteam-distillation




Fig 2 Chromatographic Columns Unit
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2.

J'tilled water (Figure 3).
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method was. used in thlS study to separate antlox1dants

from potato samples contalnlng more than 40% m01sture.

g ' i 4 . © B

.1 ~Steam distillation

Deionizedfwater,(l,5 L) was added to the steam

generator. A 50 g sample of potato granwles was introduced,

i

into the still"and mixed'well’with’200Lml'oﬁ water. A
bgraduated flask was placed under the condenser tip, and -
'1mmersed 1nto a crushed 1ce bath. - The heating rate-for

the steam generator waS'controlled'so that vapor enterinq~

the condehser exitted completely condensed. T?m?content

of the sample flask was - b01led gently to allow the gen-
erated steam to flow through the sample w1thout conden51ng
The steam flow was ad]usted to glve about 20 ml condensate
per mlnute. AfterAapprox1matelyf260 ml were collected, the
steam was turned off and the condenser rinsed with dis-

F , B v

A preliminary recovery assay was made;uslng 50

g of mashed potatoes containingwa known amount of antioxi-

dant and collectlng flve volumes of dlstlllate The assay’

showed that the flrst fractlon collected (200 ml) contalned

- 74.6% of the amount of antlox1dant added, the second frac-
~tion (30 ml) 17. O% and the thlrd (30 ml) 8.5%, whlle addi-

‘tional fractlons did not contaln detectable amounts of ,

N

antioxidant. ‘Hence, it was concluded that a distillate

of about 260 ml would give adequate antioxidant recovery
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. K .
under the standarized method of distillation.

The distillate was transferred to a separatory
funnel and thelantioxidant was extracted five times,
each time with 10 ml of benZeneF The combined extracts
were cbncéntratéd to 5 ml in é semimicro, all-glass (dis-
tillation assembly. The concentrate was transferred quanf
titatively to a 10 ml volumetric flask. The distillation)
flaék»was rinsed with Benzene‘and the volume of the concen-
trate was made up to 10 ml.

The p;ocedure described above essentially followed
the}steam distillation pfocedure givqg by Filipic and Ogg
'(1960); exéept that the trap containing Méoisuspension as
used by Filipicwand Ogg (1960) was needed to remove pheno-
lic and acidic components in the distiilate that intefﬁ
fere with the color reactions for both BHA and BHT in the
standard'colorimetric_determination. Since such inter-
-ference does not occur in pulse voltammetry, the trap was
omitted. In addition, Sloman et al. (1962) reportéd that
as much as 1 ppm of BHT from.a sample_containinq 5 ppm
is absorbed by the MgO.suspension.“ The améunt trapped
remains about the $ame regafdless‘of the émoqn£ of BHT in
the sample. Hence, proportionally larger amounts of BHT
are lost as the amount of BHT to be determined bec6mesv
less. They also reported that heating the trap could pre-

-vent this loss. All these facts illustrate the advantages



of the methods used in this study.

6.2.2 Voltammetry Assay
Concentration Range iﬁ the ExtraeesE
—BHA;I—BO ppm; BHT, 4—30 ppm.
Supporting Electrolyte:
-0.12 M Sulfuric acid in, ethanol-benzene 2:1, v/v.
Anodic Half-wave Potentials of the Peaks
-BHA,0.67 V; BHT, 0.93 v.
An aliqﬁot ofeSle of the benzene extract was
diluﬁed with 10 ml of ethanol to reach the solvent ratio
of 2:1 ethanol-benzene, and 1.5 ml of the electrolyte (0.12 M
sul furic acid in ethanol-benzene, 2:1, v/v) was edded to
make a total voluﬁe of 16.5 ml. A volume of not iess than
15 ml was necessary to cover the level of theplatlnmncoun—
ter electrode in the voltammetrlc cell. The solution wasl
then analyzed in the differential pulse mode. All experi-
ments.were performed at room temperature (approx. 21°C).
Quantitation was made from the peak heights via a cali-
5 bration curve (Figure‘7). ,
In order to obtain reproducible results, a 4tan— |
dard pretreatment_procédﬁre was applied before running the
voltammogram. The carbon electrode surface was polished
en a fine cloth tissue With alumina powder in order to

remove the absorbed compounds which could interfere during
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analysis. All other electrodes were wiped clean between
sample analyses with a Kléenex tissue moistened with
ethandl—benzené, 2:1, v/v.

§.2.§.l Instrunent Settings‘

Mode: . , Differential Puise

A

Supporting electrolyte: 0.12 M sulfuric acid .in
‘ ethanol-benzene, 2:1, .v/v

Elecéfode:- “Glassy éarbon
Initial. potential: +0.3 V |
Scanning rate: 2 mV/sec
Scanning direction: + (positive)
>Scanning range: +0.3 V to +1.5 V
Pulse amplitude: | 50 mv
.Current range: _- | 50 pA
Output offset: | - off
Drop time: - 0.5 sec
Display direction: ‘t - (negative) -
Low pass filter: off
Output-offset | ~ adjust a fo_desirable
. - starting point
6.2.2.2 Calculation'of Concentrntion;'ng antidxidant/g.samplé
(ppm) . - |
Peak height = x = yg/ml  (ppm/ml) |

Sample dilution:
5 ml benzene extract
10 ml ethanol

1.5 ml sulfuric acid, 0.12 M, in ethancl-benezene 2:1 v/

3 t

Total 16.5 ml



X (g/ml) x 16.5 = amount of antioxidant in orlglnal 5 ml
benzene extract.

¢

The value 1is multlplled by 2 to obtain the ‘quantity of the
ant10x1dant in the original 10 ml extract from 5 g dehy-~
drated potato granules.

Peak height (ug/ml) x 16.5 x 2

= ¥g9/9 (ppm dry or wet
basis)

a

Weight Sample (q) dry (or wet) basis
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7. STORAGE OF DEHYDRATED

POTATO GRANULES

Materials
1. Bags
Polyethylene bags (3 mil), 20 x 16 cm.
2. Equipmén£
,Coﬁtrolled Femperaﬁure oven. Thelco Model 6,
Precision Séientific Co., Chicago, IL.
Temperature Controlled Chamber, Lablihe

i

Inc7, Chicago, IL.
Methods“

Samples of 50 g dehydrated potato granules were

heat-sealed in polyethylene bags and stored for avperiod

of 6 weeks at 37°C in a controlled temperature oven and
at 25°C in a controlled temperature chamber. Samples
were taken after the third and sixth weeks of storage

¢

for voltammetric determination of retained antioxidants

(BHA and/or BHT) and moisture content determination.

61
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- 8, RESULTS AND DISCUSSION

Analytical Techniques .

The reliability of the voltammetric method for

the determination of antioxidants applied by McBride

and Evans (1973), as improved by Haydar and Hadziyev

(1979) by the utilizatiéd_of the differential pulée mode,

~was confirmed for dehydrated mashed potatoes. The‘toco-

pherols and a-carotene extracted from the granules were
undetectable tnder experimehtal COnditions. Calibration

curves in a concentration range of 4 to 40 ppm for BHA

‘and BHT showed an excellent linearity of the current

output signal peak height vs concentration'piot_(Fig. 7).
Correlation coefficients between peak height and concen-
tration were very high, with values of 0.98-0.99 (signi-

ficant at p = 0.01). Samples were diluted whén neces-

~sary to permit analysis in the linear region of the plot.

Although the electrode pretreatmeht procedure
was always apéfied before a sample run, it was found that .
thé glassy -carbon electrode loses its sensitivity after
extensive use, causing a decrease in the slope of the’
vcalibration'curve. ' Therefore, the sensitivity of'the'
electrode was checked regularly with a'set of standard

antioxidant solutions. TIf there was a change in peak

62
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.heights from the previous calibration curve, a new cali-

bration curve was prepared and épplied. To determine

the possible interference by tocopherols and a-carotene,

a blank sample (dehydrated potato‘granules without anti-

oxidants)‘was extracted with benzene and a voltammogram
was run on such an extraét. gﬁ\éifectable peaks were‘.
found for'Eodbpherols or a-carotene, and the voltammetric
cur&e was similar to that,éiven by a Soivent—electrolyfe
blank. The entire analySigtFook only a short time, ana
the accuracy and reproducibiiity of the results weré_
good. This techniqué was also favored by -the fact thaﬁ
no:priof treatmeﬁt or separation procedures,were neces-.
sary for déhydrated'potatovgranules.‘ Consequently,
thevanalyticallprocedures ;fe sﬁitable'in Ehis applica— )
t;on.

During the experiments involving samples from

L

different stages of granule processing, it was found

thét the degree of hydration has a gféat influence on

_ the extent of benzene extraction. Extractions from par-

tially hydrated samples, with moisture conﬁents of 30% or

léss, were reliable, bui%higher degrees of moisture re-

. , ) & . L ) .
" duced the'extractive capacity of benzene and produced a

cloudy extract because of emu&sificatioﬁ@bf ®¥ater in ben-
zene. ' &

As stated earlier, only two methods give good
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results for extraction of antioxidants from dehydrated
mashed potatoes, continuous extraction with ethanol ahd
steam distillation. Since‘ethanol becomes,diluted with
water from the sample, it.loses its extraetive ability and
misclbility capacity withjbenzene, hence, this -technique
was not acceptable .Onbthe othervhand steam'distillation
gave good results for the mash and predrylng samples (more
than* 30% mOLSture), w1th 97. 3% recovery of antloX1dants

_At least duplicates of samples were taken for

antioxidant ahalysis.. The variation between replicates'

" tended to be greater in samples when antioxidants were

applled in an ethanol spray than in samples when antlox1-

dants were applled in an-emulsion or dlrectly as a powder

‘This may be because part of the antlox1dant 1n the ethanol
' spray was lost through evaporation of some of the vola-

' tile fine mist. fAlso, once the ethanol Spray did come in

contact with the hot mash, the antioxidant would be rapidly
absorbed into potato cells.hear or on the surfaoe of the
mash and could not be easily dispersed, ‘resulting injnonuni—
form distrlbutlon_of;thepantlox1dant. -When applled as a
power or"emulsion, on the other hand, the antioxidant  *

would be dispersed fairly well by mashing action before

any absorption could oCcur.
Application of Antioxidants

”Dehydrated potato, with a fat content less than



@
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i

1%, is a typical examble of a low fat food product.

o
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Phenolic antioxidants JBHA,IBHT and PG) have been widely.

used in dehydrated ﬁotatoes;tovprevent or minimize auto-

xidation. ' Crystalline BHA or BHT, or their solutions

are quite often used for this application. The vola-

N

tility of these antioxidants appears to bevbeneficial

- characteristic when they are used ‘in the processing of

potato granules.

| | It has‘been found that small quantities'of BHA
or BHT added to potato mash prior to drylnq steps will
dlsperse by volatlllzatlon or steam dlstlllatlon, re-
sultlng in protectlon of the product durlng'processing

and subsequent storage.

The small quantlty of antioxidant Whlch finds its

iv"\j ~ _\‘ %35?

’QM*.
way 1nto the lipid portion of the product under these
condltlons 1s apparently adequate to prov1de a. hlqh 6e~
gree of protection. HoweVer, because of the VOlatllltY

of som@ﬁ%ntlox1dants, partlcularly those w1th phenollc

processing of high moisture foods can be substantial
(Sherwin,e1972), even under 1es§/strenuous processinq~
conditions such as in freeze-drying (Kirleis and Stlne,
1978). -The loss may, to a certain extent, be reduced
through the use of sultable appllcatlon technlques.

‘In the productlon of potato granules with the

~ structures, their loss thrOUgh steam dlstlllation during'

J
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F-T process, application of BHT of BHA in powder form

during mashing may be the most appropriate method,

the.antioxidant and Surfactant should be relatively well
dispersed*in'the mash,due to the high temperature (7OOC)
and the mashing'action Unlformly dlstrlbuted antioxi-

dant would protect the reorganized and newly exposed

lipid membranes w1th1n the cells agalnst ox1dation =

"during'mashing and subsequenttsteps of the‘prOCessewhere

‘ relatlvely hlgh temperatures are applled - However, the

results in Table 1 show that the loss of the antlox1dant'

was the- hrghest‘durlng the early stages of the‘process

when only about half of the moisture was‘evaporated .‘i\

'Approx1mately half the content of BHT and BHA was lost

durlng mashing and predrylng steps : A further 20% of
BHT was loSt during.granulation, which took place at
about.BOOC, and an additional loss of 15% occurred during

drying, when the temperature was ralsed to about 85 C ’BHA

*appeared to follow a,. 51mllar pattern of loss durlng the

process, thouqh its second major loss (35%) took place

-durlng drylng In the final product 15% of BHT was re-.
“tained as compared to only 5% of BHA, ThiS'apDears to

1nd1cate that BHT has a qreater "carry through" capac1ty

than BHA with respect to the F-T processing conditions.

The results are ‘in sharp contrast with those of

Kirleis and.Stine (1978) who found that BHA was retained
. ‘ : 9 o - o

-
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better than BHT rn their model freeze-dried system.
The_difference'may be attnibuted to the fact that:the
F-T proCess isvoperated under'atmOSpheric'pressure and
a drYing air temperature of up to 85?C,thile the.freeze—;
dry system is operated under;hiqh vacuum‘and_the product-
remains frozen throughout the drying cycle |

It was noted in the current study that samples"'
taken for the analy31s of ant1ox1dants varied widely
- in'theirfantioxidant content. In some -cases onefsampiek
‘containedv5-6 tiﬁes greater %%tionddant COntent-than
‘the others. This indicated that the antioxidant was not
uniformly dispersed throughout the product durlng mashlnqv
The antlox1dant ‘was not well‘dlstrlbuted until after

: : % _ ‘
predrylng, when the varlatlon between samples was much

2

smaller (Table 1. B _ ,ﬁg

L ‘7

. -

" The dlfflculty of dlsper51on and %g;nqlng the
antlox1dant into effectlve contact with lipid 51tes 1nv
a potato cell was partlalty OVercome‘En a potatd‘?lake
':process by applying antiokidant in an emulsion or an
ethanol'solution*spray. ' o

In’ the present study two  emulsion formulatlons
were trled with the F- T process Emulsion #1 con51sted'd
vof BHT Myvatex and water, and Emu131on $2 con31sted of

BHT,;Myvatex, Tween 60 and water.: -Both were homogenlzed

into a milky con51stency and each was applied from a

)
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burette dropwise into potatoes durihg‘the mashing step.
However, as shown in Tabie 2, almost 97% of the anti-
oxidant was lost during mashing and predrying for both
types of.emulsion. In the final product only 1% of

BHT was retained when Ehulsion #1 was used, and all was
lost when Emulsion #2 wes applied. Thus, Emulsion #1
seeﬁed to offer slightly better retention than emulsion

#2, and, since it was easier to prepare, it was exclu-
sively used in further experimente with emulsions. When
QﬁA replaced BHT in emulsion‘#l,\the retention wes slightly
~improved by 2.57%. These results indicated tﬁat the vola-
tility of the antioxidants was increased Substantially'
when in an emulsion, allowing greater,loss through steam
distillation during the process. | :
| It was thougﬁt that retgﬁtion of the antioxi-
dants might be improved by lowering the predrying and
vdrying temperatureﬁof the F-T process.  However, this
was not the case, as shown in Table 3 where there was

no retention when the temperature of the two steps was
lowered from 85 to 600¢: and only about 2% was retained
when the tempetature was 50°C. This was ebparently due
to the fact that at a lower temperature it took a pro-
portionately longer time to lower the-moistﬁreicontent
of the product to the desired levei in each of the pro;
Hcessing steps, thus resulting in an eveﬁ»greater loss of

\

'S , . )
gt | L



—
~
.m.w...w@ﬂ 333 eu \w.HmU '’ uo @@UMHDUHMU sSseMm CO.ﬂU@HUC@OCOO UC@UHXO..HUE@.
\\\..
£ : ’ .I :
LS°Z TE€+19 G621 0 0 L°0T P0"T  £°0+S i | butkap x933v
g€ ¢ 0+08 0°8T . ¥S°T P 0+L 1°22 . L0°T 8°0+0T G 6T uotiernuelb as933y
29'6 LVT+827 0°zcv zZv 2 0+1T 8°67  69°2 €+ET £ €P butlapsad zo33y
00°00T 0LE'Z 9°8L  00°00T 287 0°8L 00°00T . €8%  £-6L . burysew s1o3eg
2 *wed-d . 2 ‘wed-d % ucd-d
UoT3IUS33Y DANISTOW % UOTIUS]OY DINJISTOW 3 uoTtT3ualaYy 9IN}ISTOW § -

T# UOoTSTnNWa yHY Z# uoTsTnwe JLHYg T¢ uoTsInwe LHY

TI93em pue THY ‘(09 US9MI ‘X33BAAW JO musust ¥ 2% !{xsjem
PuU® VHE IO JHA ‘X33®AlK JO 2INIXTW Y "T# :paT1dde sxom uoTsTnWe
Jo m:OﬂMMHDEHOm OMJ, “buTysew HUTIND UOTSTNWS Ue ut pstrdde usym

ss®00ad 1-4 ®4Yy3 jo sdels snoTlaea ybnoiya vug pue LHE 3JO UOT3UD93aY *Z a1qey



72

STseq Io33ew AIp e UO P23eINOTeDd SeM UOT3IRIZJUSOUOD JURPTIXOT3IUY

D508 mo soanjeasadwsy butdiip pue mcﬂhuﬁmmm *III

“Uoom FO saanjeasdwsy butiip pue buthkapsag 11

0,88 30 sanjexsdwsl LuTAIp pue butXapoad TeuLzou) HQHUCOU. I
99°T €£°0%L z o1 0 0 'G"6 L9°S  0+LOT 6°0T butrdap as3gy
zete  0+vT 9°ET o 0 T°6¢ 6L°8 LY+9TT - T'eT vuodt3ieTnURIb I933V
Lz v T+81 6'€e 0 0 S'9¢  Z0'TIT Z+¥80% - Lr0g  butAapexd isazy
00°00T zzy £°9¢ 00°00T 9z¥ S-9¢ 00°00T  £88'T 'G'EL - buryseuw s103eg

% cwed-d 2 rw-d-d , g ru~d-d
UoT3uU93ayg quuWﬂOE 2 uoTtTj3usiay SINJISTOW ¢ uoT3usjlsay SINISTOW $
(D,08) III : - (D509) 1I | (D,58) 1 ds3s bursseadoig

.

*do3s @nﬂcmME Y3 3® T# COﬂmHDEm se poartidde usym LHY JO

UoT3uU9381 uo ssedoad -4 9yl url sanjzexsdusy burssenoad jo 30333d g o1gel

: '



=

73

ey

‘the antioxidant. These results agree well with those of

Kirleis and Stine (1978) that BHT and BHA were completely

lost from a gelatinized starchrantioxidant model system

when the freeze-drying time was doubled.

The volatility of the antioxidants was 1ncreased
further when th&y were applied as an ethanol spray (Table
4) . When theispray.waslappllgd during theimashing step,
less than 1% of BHT was retained in the final product.

In an attempt to improve the retention, the spray wasb

applied on the thawed mashed potatoes in one experiment,

while in another experiment half was applied during

mashing and the rest during théwing. In both cases no
BHT was‘fouhd in the finél broduct.' It appearedAthat a
significant amount of the antioxidant‘was lost during
spraying through thé loss ofPthe highly volatile fine
mist. Furthermore, ethanol lowered the vapor pressure
abqve‘the prpduct during the heating process, thus sub-
stantially iﬁcreaéing the volatility of the antioxidant.
Even when this téchnique waS»applied to explosion puffed
potatoes, using N2 as the atomlzlngagent(Konstance et
él., 1978), the loss of antlox1dant was found to be so

great that its initial concentratlon would have to be at

least five times greater than the concentration required

in the final product.

-~

From. our experiments 1t was- ev1deht that the loss
L\
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/of antlox1dants was a53001ated with the loss of moisture
-from the product durlng the process.‘ To substantiate
thls hypothesis, the percent loss of antioxidants,
| applied_as powder, emulsion or ethanol spray, was plotted
lagalnst the correspondlng percent loss of- m01sture durlng
various steps of the F-T process (Flg 8). When srmple
correlation and. regre851on analy31s ‘was applied to the
results, the r- values and the slopes of the regre551on
lines obtalned were as shown in Table 5 All r—yalues
»'were srgnlflcant at p = - 0.05, indicating a strong rela-
'tlonshlp between the loss of antlo;ldant and the loss of
. m01sture through evaporatlon. Kirleis and Stine 11978)
.made a similar observatlon when they found a strong rela-
tlonshlp betWeen BHA retentlon and the moisture content
of the product Thep found that products with: hlgher
m01sture contents retained greater amounts of BHA than,
those w1th lower moisture contents

Steam dlstlllatlonﬂand volatllization of antioxi-
dants are the two major mechanisms respon31ble for anti-
ox1dant loss The loss is varlable and is dependent on
the method of antlox1aant appllcatlon, as 1nd1cated by
' the slopes (b) ‘of the reqress1on lines. Theﬁslope of the_A
“11ne of antloxldant addltlon in the form of a powder was

‘the lowest (0. 80), 1nd1cat1ng that in thlS .case the least

Trantlox1dant was lost per unit of m01sture loss. About



S

0.80% of the antioxidahts was lost for each 1% moisture
evaporated. The highest antioxidant loss per 1% mois-

ture removal was' found when the antioxidant was applied

~ as an ethanol spray (b = 1.90), and the next highest

loss was when it was applied as an emuision (b = 1;82)<
(Fig. 4) (Table 5).
. This. is"as expected, since'ethahol accehtuates

the steam distillation and Golatilization of the anti-

- oxidants during the ‘heating proceéss by its ability to

lower the vapor pfessure above the:product. A similar“

effect, though to a sllghtly lesser degree, occurred
when the antlox1dant was dispersed in the surfactant
emul51on prior tO'addltlon to mashed potat@es

| The levels of antlox1dants in food products are'

subject to regulatlon. In the Flfteenth report of the

" joint FAO/WHO Expert Commlttee on Food Addltlves a com-

blnatlon of antlox;dagtsnat éydevel of 0 001% (10 ppm)
e"&( . ',r ‘

‘on a wet weight ﬁj&ls wa§ repo ted to be used commonly

7
1n the dehydrated potatofgranule 1ndustry (FAO, 1972).

\

- The legal status in Canadamfor phenollcoantrox1dants in

o v o _ , o o
dehydrated potatoes is 0.005% (50 ppm) fotr BHA or BHT
alone, or for a mixture of the two with or without PG

(Hadz1yev and Steele, 1979).

78

In commerc1al potato granule productlon with the

. A-B process, the recovery of antioxidant is only about
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. Storage Test

‘is shown in.TablevS. The per cent retention, based on’

10% due to the typical.losses incurred mostly~from.

“volatlllzatlon and steam distillation durlnq addltlon of

ant10x1dants to the hot mash and durlng drylng of the
mash. From the results of thls study, 1n-order to ob-

taln 50 ppm antlox1dant in the F- T process end product,

at, least 500 ppm (dry Welght basis) should‘be'applled

durlnggmashlng in the form of a powder,'with surfactants®
also being added at this stage. | o k-

\

The retention pettern‘of BHT and BHA, applied |

by three methods, in F-T potatoygranules packaged in- r

polyethylene bags and stored at 25°¢c and‘37°C for 6 weeks_

.-

, the initial quantities of the antioxidants in the granfi

ules, is alsovplottéd/againSt’storage time (Fié:flO),b
anortunagely,'the ihitial quantityfofbantioxidants'could,,
hotbbe standariZedhfor ali'cases due‘to difficulties~ihd
processing, ' the - inherent characteristics of the_eppli-t;
cation»methods, and time limitatiohs'of the'project'

Nevertheless, the overall plcture can be dellneated as
\

follows.' Flrstly, there was no 51gn1f1cant dlfference
Py Vbetween the two storage temperatures w1th respect to the
_retentlon of the ant10x1dants. Secondly, ant10x1dants

: applled 1n powder form had a better retentlon durlng storage.-

.~ . .
‘
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Thirdly; in all cases BHA had a better retention than
BHT. This is particularly.integgﬁting, because the re- ,
sults in the prev1ous-sectlon showed that BHT was re-,
tained to a greater degree than BHA over the process.

Yet, during storage the reverse was true. This may
indieate that BHT céan withstand heat processes better ‘
than BHA, bht it is lost at a greater rate than BHA
through oxidization"or interaction with potato consti-
tuents during storage. The storage results, thus, appear
to confirm the %bservations made by Kirleis and Stine |
(1978) that there is a greater retention of BHA than

BHT in freeze-dried, starch-based model-systems Flnally,
the results of the present study show that BHT applled

in an emu151on or ethanol spray was completely lost after *
3 to 6 weeks of storage at elther 25 c or 37°%. BHA

seems to be retained slightly better than BHT for both

of the application technidues. These_re£2fts indicate

that the powder application technique ie~the most'suitable
mode for the F-T granule process.

Stuckey (1975) showed that BHA is more stable

than BHT in low-fat products. He stated that a dehydrated
wheat—baeed product.processed with 50 ppm BHA. took approxi-
mately "3 more days to detelop rancidity at 63°C thad

s

o : . ‘ 1% ' . . .
when processed with an equal amount of BHT. This point is
g
illustrated clearly when per cent antioxidant retention
G
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is plotted against storage time ‘(Figures 10a and 10b).

At both 25 and 37°C storage~temperatures.about 55-60%
of BHA, applied as powder, was retained after 6 weeks
wnile only about 8% of BHT was retained. It may be con-
cluded, therefore, that in regards fo storage stablllty
BHA is more effectlve than BHT for F-T potato granules.
However, 1f process stablllty of . antlox1dants is taken
into account, a combination of BHA and BHT at a‘suitable
ratio'may prove to be most effective This was demon—
‘strated to be %o by Stuckey (1975), who showed that a -+
comblnatlon of 10 ppm each of BHA and BHT, instead of
50 épm 25 just one of the antioxi@ants, coula doublefthe
- shelf life of a dehydrated.cereal.broduct

It is not clear from storage experlments why anti-
ox1dant applied as emu151on or ethanol ,spray was much
less stable than when applied as powder. Whe answer may
lie in the way in which the antioxidant is dispersed
in the product - whether it is uniformly'distributed or
only assoc1ated with some constituents (cellulose, 1lipid,
pectln, starin) of/the product. Also, the location in
the product, that is, within or on the external surface
fﬁof the 51ng1e cell ;f a granule, and the form in which
the antloxldant ex1sts (i e.; as crystals, as a solute
in the lipid phase,Aor dlstributed on cellulose pectin

or starch matrices) will partly determine its stability
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and effectiveness. Further study 1is req?ired to eluci-

date these questions. .

§



9. . CONCLUSION

The pulse polarégraphic method for the analysis
of BHT and BHA has proved satisfactory. No ihterference
from a-tocopherol or B-carotene; both found iﬁ potatoe;,
was experienced. Seﬁsitivity was good to>as_low as

2 ppm, and feproducibility was quite acceptable.

Appl;caﬁidg of antioxidahts in powder form, toge-

M \

ther with surfaétants, during mashing Qas found to give
the highest antioxidant retention in potato graﬁules;
‘produced with the F-T process. BHT was moré stable
«during the process than BHA. The 1oss_df'the'antioxi—_A
dants was propoftional to the loss of moisture dﬁring
the process, indicating steam distillation as the majdr
factor causing the loss. Lowering processing témpera—
tureé did not reduce the loés, as a longer processing
time was requiréd té remoye.the same quantity of moisture.
Applying antiokidants in an emuisibn or etRanol solution
resulted in poorer retention. This was attributéd to the
increésed volétility of the antioxidants in4the emulsion
or-ethénol'solution._ | |

No significant difference was detected in anti-
oxidant stability when potato granules were stored ‘either
at 25°C or 37°C. Antioxidants added in poWder form during

 the process were retained better during the 6 weeks of

86
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3

‘solution. In all cases BHA was more stable during stor-

storage than those added in an emulsion or e h

age than BHT. About 60% of BHA'wae retained after 6
weeks of storage when it was aéded’as powder.

To obtaln 50 ppm antioxidant in the potato granulev
end product and for the hlghest retention and Stablllty
during proce551ng and storage, a comblnatlon f BHT and

BHA'at a combined congentration of 500 ppm on a dry matter

basis is suggested. It should be added in‘powder form,
aldng with an appropriate quantity of surfaetants,vdurihg

the mashing step of the F-T granule process.



' 10. RECOMMENDATIONS FOR FURTHER WORK

The.present study showed that durlng an F- T
dehydrated potatoépfagule process the losses of anti-
oxidant are closely related to the loss of moisture by
steam‘distillation in the different proceSSing steps.v
The dlstrlbutlon and retentlon status of antlox1dants
in the final product is not clear. Also, to be clarlfled
4are the antlox1dant locations in potato granules (on
the surface, within the granule cell in cell wall\

.the llpld layer surroundlng the gelatlnlzed and retro-
_graded starch matrix, or entrapped within the starch\
matrix) . | .
The surface effect on phenol retention, the pos-
sible involvement of hydrogep bcnds, and protein-

phenol interaction and/or effect of matrlx charge should
also be clarlfled The antioxidants may he added as
‘ethanol.solutlon tc study such effects, or as "miceiles"
in a formulation with monoglyCEridehemulsifier to dis-
coverbif theiretention can be enhahced via "micelles",
or via ciathrate compound formatioh, with starch helices
as the‘host compduhd. |

P0551b1e new methods of ant10x1dant 1ncorporatlon

into granules to 1mprove retentlon of the antlox1dants

88"
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in thevF -T process should be found to obtaln an appro-.
,priate concentratlon 1n the flnal product A comparatlve
, study between the A-B’ and F -T processes w1th respect to

ant10x1dant reteutlonen:varlous processing steps is also

recommended.

:The'differentiel pulse voltammetrp method,for the
.analysis)of entioxigants hastproved’to;be‘satisféctory
.in the‘present work. However, in order togassess its

convenience in=e processing quality control_laboratory,_

comparisonsqwith other tectniques'SUCh as spectrofluoro-

metry, gas-liquid chromatography, thin—iayér-rod‘chroma—_
\\tography (comblned with a flame 1onlzatlon detector system)
~ and colorlmetry should be made in order to flnd a fast

and econom1ca1 method sultable for quality control pur-

poses. Spec1a1 attentlon should be glven to fluorometry

thin-layer-rod chromatography, since both-appear to

provide ‘a sensitivity better than 0.0l ppm for quantitation

. of BHA and/or BHA + BHT.
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