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Fry/ing.0] 'Be;g@_qlatieﬁ)-,

SWPEENEfat fifying IS Very poplar pecause It
yIEIOSHeeds with good taste and is readily
rl\/rlj a-I-G e

.-.-JJ Frylng Triglyceride molecules

== reak down to form polar compounds.

— Contribute to the flavor, odor and quality of
the oill and the food being fried.
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> Tr]gI/ eg,@ e molecules are non-polar.
- orlugr» of oil degradation are polar.

— rf’%""* acids, mono- and di-glycerides,
~ oxidized triglycerides, polymers, aldehydes,
= -"—I%etcmes etc.
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FYIIENOIIFDegladation

~Free Fe"

— Do re Se smoke point of frying oll

Elirther: catalyze oil degradation

=D ac crease shelf stability of finished product

__.——.. ,....

=W 1yme rs

e

= -=-~'_ Increase potential for oil foaming
— “Polymer buildup” effects heat exchange
— Increase oll absorption
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FryincuCliiseiee

2 Color bodies
= Dmrmnmc F finished product

p——

= J‘Jf'VOrJ I_...;,
— SC OL__C_*- | flavor due to inadequate filtration

-

Scor ed flaver due to high temperature
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=

rryover of flavors




Fryingadl 'Be;g@_qlatieﬁ)-,

JEONCENtration of polar materials increase
Intilfthe oil becomes unfit for use

SREl onshlp between the taste and guality of
—a=i ued foods and the concentration of polar
— " materials has been established

e

——

= — | egal limits on the amount of polar materials
- that may be present in oil used for deep-fat

frying
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r\gt;.v Flltratlon IS more desirable, as it
;-;w amoves both particulate and soluble

= -.jmpurltles
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rru\ I of particulate from oil with a steel
, cartridge or filter paper

= > 5 micron particles

F‘ -
=-'_'-—_-_'_ ‘::;._.

_,. epth - removal of particulate with a porous
~ pad or a “cake” of filter-aid-type materials
- (diatomaceous earth, perlite)

> 1 micron particles
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=iltration by’ Adsorbent

HJJ-\ es soluble degradation products by
mg polar products and holds them for
val In filter

__-=-- Iows oil degradation

== ~ —Acts as depth filter
— Higher quality fried foods
— Extend life of frying oll
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T | | SAdsorbent

CLEAN, FILTERED
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m Adsorbent Treatment

— ri@rll g ﬂn In oll use, potential elimination of
OJL,L ard

— Re adlices downtime

. ——— __...-.n.—-'

:,,_. :—Reduces energy usage

= Reduces cleanup costs

- Improves finished product quality and shelf
stability
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AXsEBItion of Polar Compoul;
Frylric@ U_umqucke

SAlicmational Union of Pure and Applied
sliemistry (IUPAC) Method 2.507: Determination
girPolar Compounds in frying fats

= ';é'd column with adsorbent to be tested
éé'raded firying oll passed through the column

p—

e efficiency of the fractionation was assessed by

.
—

1—‘:_
e
Coltinglg

-

~ the use of thin-layer chromatography (TLC).

— The results were guantified using High Performance
Size Exclusion Chromatography (HPSEC).
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Material

Activated Carbon

Trade Name

Darco T-88

Manufacturer

American Norit Co., Jacksonville, FL

Basic pH Alumina

A-2

LaRoche Chemicals, Baton Rouge, LA

Neutral pH Alumina

M. Woelm Eschwege, Germany

| Bleaching Earth #1

Filtrol 105

Harshow Filtrol, Cleveland, OH

| Bleaching Earth #2

Tonsil Supreme

LA Saloman, Port Washington, NY

Calcium Silicate

Silasorb

Manville Corp., Denver, CO

Diatomaceous Earth

FW-18

Eagle Picher, Reno, NV

Magnesium Silicate

MgSi-F

Shangyu Jiehua Chemical Co., Ltd. China

Silica #1 Britesorb C200 PQ Corp., Valley Forge, PA
Silica #2 Trisyl Grace & Co., Baltimore, MD
Silica Gel * Silica Gel 60 Baxter Scientific Products, Obetz, OH




Thin Layer Chromatography

0%
Separation

.

100%
Separation
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giciomaceous Earth had no effect on the
SE Jrurr.r on of polar and non-polar
COf jﬁ inds

—~ Synthetic magnesium silicate yielded

-|-_ -'i-l"'_

" ﬂmplete separation of the polar and non-

_.-— -:___.—-

— *polar fractions
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“HPSEC Resulis
Initial"UsearER/IRGFo|

Dighyceides

Polymears / Loy MW compounds
) (mMmonogiycerides,
FFA, stz )
,,/4 -
r

(w1 3 —-— - —-- - g
L D 10 15 20 =25 30 35

Timea {minutes)
FI1G. 1. HPSEC of the initial used frying oil. 25 cm S8 columns;

G2500H X1 (500 angstrom) in series with G2000HXL (250 angstrom)
3°C: tetrabhydrofuran at 1 mI/min: refractive index deiection.

:
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JUE : s ¢ DIE
~ A [
c c CIS,C)fC)2C

ACOSOIDE =e s DIO erige 0 otal Pola
Activated Carbon 15 17.4 19.6 38.5
Basic pH Alumina 8.6 13.9 71.5 94.0
Neutral pH Alumina 0.7 2.5 96.5 99.7
Bleaching Earth #1 41.0 10.5 36.9 88.4
Bleaching Earth #2 61.3 9.3 36.5 107.1
Calcium Silicate 16.7 17.5 59.8 94.0
Diatomaceous Earth 0.0 0.0 0.1 0.1
Magnesium Silicate 59.7+1.9 193+1.6 77.6 £ 3.6 156.8 + 3.0
Silica #1 38.1 11.2 12.1 61.4
Silica #2 49.5 12.8 21.5 83.8
Silica Gel 60A 64.0 54.3 21.3 139.6

ara P0lé > > ~RE 210 0 ONe N 0

AYo[Sfelgels P 0I13 s
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RESUiS verify that DE had no capacity to
r@mové‘? materials from the frying oil
5/ € 1c magnesium silicate had the

?- st capacity for removal of polar
rlals



BatChn™reatment Proce -

petgallons of used fr (|5 at 150 C were placed Into a

_l/z'r—yec’! SNeo) me cialitype. re-circulation; oil filter with 419
(1% 'Q/W'r Sl eaE:

Tme gllhwas re-circulated through the filter media cake for
mmlli”- .

Tne filter cake was removed from the filter for evaluation.

Horr Ons of each filter cake were weighed, placed in a
JJ« qlet extractor, and extracted with organic solvents to
--;:.= move the residual used frying oil and adsorbed polar
empounds
. — Petroleum ether removed the residual used frying oil.
— Diethyl ether, methanol, and methanol with NaOH were used to
remove the adsorbed polar compounds.
® The residue from the extraction was weighed, dissolved In
tetrahydrofuran, and analyzed by High Performance Size
Exclusion Chromatography (HPSEC).
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Material

Activated Carbon

Trade Name

Darco T-88

BeEloprA0NY BatChi IreatmiEiSass

Manufacturer

American Norit Co., Jacksonville, FL, USA

Acidic pH Alumina

Brockmann 1

Aldrich Chemical Co., Milwaukee, W1, USA

-

Neutral pH Alumina ABA 6000 Selecto Inc., Kennesaw, GA, USA
H Basic pH Alumina A-2 LaRoche Chemicals, Baton Rouge, LA, USA
___ Bleaching Earth Filtrol 105 Harshow Filtrol, Cleveland, OH, USA
Diatomaceous Earth FW-18 Eagle Picher, Reno, NV, USA

Magnesium Silicate

MgSi-F

Shangyu Jiehua Chemical Co., Ltd. China

Silica

Trisyl

Grace & Co., Baltimore, MD, USA
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Adsorbent

~
~

TAG
(9)

Polymers

(9)

Total Polar
Compounds

(9)

Cake EXtraction RESHItSHms

Adsorptivity
(mg polars/g
Adsorbent)

Earth

Activated Carbon 0.50 0.00 2.74 67
Alumina (Acidic) 0.07 0.06 3.25 79
Alumina (Neutral) 0.10 0.05 3.54 86
Alumina (Basic) 0.29 0.15 3.63 89
"4 Bleaching Earth 0.72 1.43 4.47 109
Diatomaceous 0.02 0.04 0.10 2

Magnesium Silicate 0.98

1.37

8.14

199

Silica

1.72

1.22

5.14




SAYENEd no  capacity to remove polar
mgnzerwﬁ from the frying oil

1c magnesmm S|I|cate had the




BEIEination of Active Filte/mait
clsc

Aclsorgile Slté!!BwaPD

SPAUSOIENTS have charged sites on their
sUlfiaCeWwhich attract polar compounds
zLJeilg) e Idi them for removal by filtration

SAdSo rptlve sites may have either acidic or
= -_::e ASiC character

ﬁ-—

-_- TPD uses special instrumentation and
techniques to measure the number and
strength of adsorptive sites
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, ArWeIght 0 asorbent N an empty.
matograph|c column

OWn guantities of a “probe” reagent
materlal IS saturated

|d|c sites: n-Butylamine
e g aS|c Sites: Trifluoroacetic acid

—.--_-,_._.

=— Desorb “probe” reagent by temperature
pTogrammlng the GC to 420°C

— The temperature at which the probe material Is
desorbed Is an indication of the strength of the
adsorptive site, and the height of the peak is a
measure of the number of sites
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Temperature Programmed Desorption
for Acidic Adsorption Sites

FID Response

98 110

Time/Temperature



TPD: CogdelfSagiaiAcisagec i

Distribution of Acidic Adsorption Sites

C Al (b) Al (n) Al (a) BE DE S MS




o[- SyntheUC MagneS!Um__S”lcat@--

Temperature Programmed Desorption
for Basic Adsorption Sites

Q
g 15 -
S 180°C 270°C
§ 10 -
o 5
T 420°C

0

90 102 114 126 138 150

Time (minutes)
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INCOMPASeR OfwAGSETHEATS

Distribution of Basic Adsorption Sites

N
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N

|l .
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L

|
millimoles/per gram
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Al (b) Al (n) Al (a)




noacidic or basic adsorption sites

ports the findings In column and batch tests
= did not remove any polar material

L-u._ —

?*/' Tlc Magnesium Silicate had the most
e ACI0 ﬂ: and pasic adsorption sites

_-_

- — This supports the findings in column and batch tests
— *"J ‘that synthetic magnesium silicate had the greatest
= capacity to adsorb polar compounds
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‘Fries -

o Thi—— —

—

—

ted and filtered with synthetic
= *;.En ne3|um silicate as compared to a
';:1 ontrol, which was filtered through
'ft' dlatomaceous earth (DE).

— Criteria was 25% Total Polar Materials (TPM)

Conirolled F@W




roelled F*r’y‘i‘ng Studyar
F‘ém:lﬂ:rle '

Serrell ,—r/ }/eret Weresiliea Wit S SKg (OrS1) o
Il ydrogenated soynean; oll.

IZE51EI0 fresh potatoes were fried over a 12-hour
PENBE each day (3.33Kg food per Kg oil).

21900 batcehes of freshly cut potatoes were fried at 177°C
(’“‘6‘ =S fior 8 minutes with 5 to 10 minutes between
: -;ffh CIES.

__-_'___

Tthe oil was filtered daily in a re-circulating filter machine
=== 'er 5 minutes.
~~  — Oil from the control fryer was filtered with 1% by weight

- diatomaceous earth (DE).

— OIl from a second fryer was treated and filtered daily with 1% by
weight synthetic magnesium silicate.
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pRtrelled FriVing S’g_‘gy
ptrolle Y ——
French Fries

e

Filter Media Days of Frying 9%oFFA Photometric Color %oPolymers %o Total
Polars

--nterla to end frying study: 25% TPM

_,_r’“hg_l =
B Average daily Food-to-oil Weight percent
Filter Media Days of Frying make-up (Q) ratio oil in fries




Gontrolled ERVIRG Stuay;
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FIGURE 3: %Total Polars versus Days of frying

—— Control (DE)
—x— MgSi-F
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Gontrolled ERVInG Stuay;
ErenCiasErHEsS

-

FIGURE 1. %FFA versus Days of frying

—— Control (DE)
—¥— "MgSi-F"
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Gontrolled ERVInG Stuay;

French: Fries

-

FIGURE 2: Color versus Days of frying
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controlled fr TM

~ FréfichiFriess

i

SSyiithetic Magnesium Silicate effectively
,<,amrler‘ the useful life of the frying oil by
3 l% Wi en compared to the control

f. eﬂa was 25% TPM maximum

—
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e PUr Pose of this study was to
erm 1e the useful life of frying oil when
wea s and flltered with synthetic

-lr
lat

__.-n._. _,.--

-‘?—‘j = ntrol which was filtered through
dlatomaceous earth (DE).

— Criteria was 2.0% Free Fatty Acid (FFA)

ontrolled| Fr nW
%ken
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trolled Frlng Stu
"' CHREN

.

—

—— —

SIENINERY KELTES Were Tillec 01 of a partially

nyelraefeple ted soyhean oil.

A0 1) o) H"" hi chickeni was fried each day over a 14-hour
BENOO.

— The cf 1cken was coated with a mixture of flour and salt.

— 63 cken was fried in 1.5 |Ib batches for 14 minutes.
atches were fried every 20 minutes.

es @J| was filtered and returned to the fryer each morning

- hefore frying.

'_'-"

— 2% by weight of synthetic magnesium silicate was added to the
= oll and allowed to mix for 1 hour and then filtered.

— 2% DE was used in a second fryer as a “control”.
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enrolled Frying S’g_tgy:ﬂ- P
Chicken

Filter Media Days of Frying O6FFA Photometric Color

jteria to end frying study: 2% FFA

= Average daily Food-to-oil ratio
Filter Media Days of Frying make-up (g)




Gontrolled ERVInG Stuay;
Chicken

% Free Fatty Acids vs Days of Frying

/ "
al

—e— Untreated Control

/?/é —=— 2% MQSi-F
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Gontrolled ERVInG Stuay;
Chicken

Photometric Color versus Days of Frying

6 8 10
Days of Frying

12

14

16

—e— Untreated Control
—=— 206 MQgSi - F




CC trolled F,XTM

Bhen. —— - =

e - = i

ic Silicate effectively
XIEnuec | the useful life of the frying oil by
J/J Wi en compared to the control

J: eﬂa was 2% FFA maximum

SESyetic Magnesium

—
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CornnarelelFlale RES TS

Commercial Frying Operation: %FFA Before and After Dalsorb
Treatment
—o— %FFA Before
Treatment
0 6 < —a— :?I;;Am eAritter Dalsorb
4 y
0.5 ‘TI 9? ' ¢hn¢ g
| 04 W\M
e E ¢ {
=~ o 0.3 - & ! ‘
N <
0.2 7 * '
0.1 -
0

2/8/2003  2/28/2003  3/20/2003  4/9/2003  4/29/2003 5/19/2003  6/8/2003  6/28/2003  7/18/2003  8/7/2003  8/27/2003  9/16/2003  10/6/2003

DATE
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'studie report dietary heated
_ ain harmful substances that may
Gzl deleterlous effects when fed to

~ Jab _ratory animals.

— -’%\dverse biological effects include enlargement
~ or fatty necrosis of the liver, slowed growth,

- hair loss and dermatitis when such fats were
fed to rats.

"ﬁ.
—
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—

,—r/mg QJ] \j\j_( [CHNTEE N EERTUSER '"C' 7 days wWas spilitT
WYeRPRItIons. One portion was treated with 10% by
WEIgESynthetic magnesiumi silicate.

50 me nJe Weanling rats were maintained on standard diet
joyone: veek then randomly split into three groups.
*dIEt Included fresh partially hydrogenated soybean oil

= -DH diet included the 7 day old used oil

“'*-‘- — T-7DH diet included the synthetic magnesium silicate treated oil

.';"' 'The rats were fed the test diet for 10 weeks.

~ e After 10 weeks, the animals were randomly killed by
Guilletine and blood and liver samples were collected for
analysis.




PIECoMPOSICHER

Virginoil 7 dayusedoil Treated 7 Day used oil
Casein 150 150 150

Dextrose 600 600 600

- | Cellulose 50 50 50

——

—
i

| Vitamin Mix 10 10 10

e

; & Mineral Mix 40 40 40

PHSBO (NH) 0 0

PHSBO 7-DH 0

PHSBO T-/DH




-«h

Eeeding Experlment

Feed Efficiency, g gain/g feed

Virgin ol
0.232

7 day used oll

0.232

SEVEral Parameters In a el s

Treated
o]1
0.232

Liver weight/body weight ratio (mg/g) 2.75 2.95 2.894
| Liver Protein (mg/g) 392.65 593.22 487.09
= Microsomal protein (mg/g) 30.51 56.47 30.60
Liver Lipid (mg/qg) 63.88 79.66 72.86

Lipid/Protein ratio

0.98

0.81

0.92

Liver glycogen (mg/qg)

11.03

6.32

8.81



e

ent (Deioxtication ENZymES)

Virgin oil 7 Day used oil Treated oll
Cytochrome b5 content 0.46 0.75 0.49
| (nmol/mg micr. Protein)
— | Cytochrome P450 content 1.04 1.68 1.15
~— = (nmol/mg micr. Protein)

WeVicrosomall CyIoGIGIIEERs

o



S@)Isitised for deep frying as well'as the
comPoUNds generated in used oils caused
Zigeneralized increase in the content and
Sactivity of the liver detoxification enzymes

= -

~—When ingested.

-

- » The non-treated oil group of rats
developed enlarged livers while the
treated oil group did not.
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Seatment of the used oil with synthetic
ff]c‘Jﬂ'—‘\ iumi silicate Improved the
rmrr 51-,9 aI parameters of the 0|I

.._...r

- _’_

_ eatlng process of the oll were partially

| ":l"'emoved by adsorption
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