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Abstract

Recycling some waste materials especially, peach and tomato
seeds to beneficial materials with high nutritional and functional
properties as well as, unconventional sources of edible cils with
highly antioxidative properties was the main target of this study.
The obtained results reveaied that peach seeds had the highest
content of ol (43.5 %), and the chemical properties were in the
normai range of edible oils. The percentage of the unsaturated
fatty acids of peach and tomato seeds nils were high (92.677 and
83.370 %, respectively} especially , essential fatty acids ( Linoleic,
Omega 6 ), which reflects good nutritional value of these oils. The
oxidative stability of sunflower ol increased with increasing the
levels of peach methanolic extract up to 400 ppm that exhibited
the best oxidative stability and prolonged the shelf life of
sunflower ol to 12.5 months, The highest oxidative stability ( 8.84
hr.) was obtained using tomato methanolic extract at level of 600
ppm compared with those obtained with other ievels . Shelf life
and antioxidant activity of sunflower oil increased gradually with
Increasing the tomato methanolic extract levels {11.03 to 12.67
hrs and 1.02 to 1.18, respectively). Furthermore, lycopene crude
extract acted as pro-oxidant in higher levels, meanwtile, lower
levels of lycopene extract (20 and 40 ppm) had an antioxidant
effects on the stability of sunflower oil.

From the obtained results, it could be conciuded that peach
and tomate seeds are considered rich sources of edible cils and
natural antioxidants that play a great role in protecting human
body. Utilization of these wastes will improve the environmental
ecology of industry by recycling its by-products and decrease the
probiems of pollution from industrial wastes .

Key words: Peach seed oil , Tomatc seed oil , Lycopene, Fatty
acids compositicn, Natural antioxidants and Oxidative stability

INTRODUCTION

Peach ¢ Prunus persica ) and tomato fruits {Lycopersicun esculentum) are
considered as the most poputar fruits and vegetables grown and processed in Egypt .
The average total annual cultivated area with these fruits in the year 2004 were
79199 and 464491 feddans producing annually 332020 and 7640818 tons for peach
and tomato , respectively (Anon, 2005) . Kernels and seeds are the most important
wastes discarded following the industrial processing of fruit and vegetable juices .
Large quantities of solid wastes are being left over and disposal of these waste
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materials becomes difficult and pose serious problems. The plentiful amounts of
tomato wastes and peach seeds remaining after processing represent about 10 - 16
% of the total fresh weight of tomato and peach fruits (Hussein, 2002). Many
investigators demonstrated that such wastes are rich sources of edible ails {EL-
Bastawesy et af, 2007), antioxidant compounds (Hemeda, 1994) and natura!
pigments { El-Seesy and Hamed , 1998 ),

Peach kernels contained 48.0- 54.5 % oil and 25.0-27.5 % protein , 12.59-25.2
% total carbohydrates, 2.9 - 3.42% crude fibers, 2.55-3.6 % ash and adeguate
amounts of minerals (Allam, 2001 and Hussein, 2002 ). Total saturated and
unsaturated fatty acids of peach seeds oil were 11.69 % and 88.31 %, respectively
{Allam, 2001). Furthermore, fatty acids composition of peach seeds cil indicate that
oleic acid { 76.6 % ) was the predominant fatty acid followed by linoleic acid
(13.4%), palmitic acid (8.6% )} , linclenic acid ( 0.9 % ) . This means that peach
kernels oil is characterized by its high nutritional value because it is rich in essential
fatty acids oleic and linoleic. Physical and chemical characteristics of peach kernels oil
were almost the same as almond kernels oil which can be used as low price by-
product oit instead of the more expensive almond kernels oil in cosmetics and medical
uses {Allam ,2001 and Hussein, 2002 }.

The tomato seeds contained 3.85 - 4.06 % ash, 23.53- 25.10% oil and 35.52 -
35.56 % protein on dry weight basis. Minerals present in these seeds were calcium
(800), sedium (2200), potassium (2700), magnesium (9600}, iron (120}, zinc {50),
copper (20}, manganese (20), phosphate {7784} mg/100 gm on dry weight basis
(Persia et al, 2003) . Moreaver, Giannelos ef a/ (2005) found that the fatty acids
compasition of tomato seeds oil was nearly the same as in the edible cotton seed oil
and can be used in the food products. Total saturated and unsaturated fatty acids
were 13.7-24.83 and 75.13 - 86.6 %, respectively. Also, the predominant essential
fatty acids of tomato seeds oii were linoleic { 44.1 -58.12 %) and oleic { 17.01- 42.0
%). As well as, the chemical compesition of the seeds may give an indication to the
ecanomy of using these wastes as sources of qil or protein. (Sogi et af., 2004).

Fruits and vegetables are the main sources of natural antioxidants such as
phenolic compounds, vitamins { E and A) and lycopene that protect human bedy and
it can be used in the food industries . George et af. { 2004) found that total phenolic
contents of tomato seeds as catechine ranged from 188 to 465 mg / 100 gm , on dry
weight basis . On the other hand, the total phenolic contents of tomato waste as
gallic acid were in the range of 12.15 - 49.61 mg / gm dry residue ( Toor and
Savage, 2005). The lycopene content was 4.8 — 14.1 mg / 100 gm in tomato peel on
fresh weight basis and 63.3 — 138.87 mg / 100 gm on dry weight basis ( George et
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al,2004, Radwan et &/ ., 2004 and Toor and Savage , 2005). Addition of lycopene to
sunflower oil would improve the stability of oil as well as protect the human health
from the risk of some dangerous diseases .

Accordingly, the present work was planned to study the utilization of peach and
tomato seeds as unconventional sources of edible oils with highly antioxidative
properties. Mareover, the efficiency of their methanolic extracts as sources of natural

antioxidants was evaluated for industrial application.

MATERIALS AND METHODS

1- Materials

- Peach seed kernels and tomate seeds, as food processing wastes obtained after
juice extraction , were used in this investigation .

- kernels of peach fruits ( Prunus persica ) variety Clingestone ({Sultani) were
obtained from an orchard near Kaluobia Governorate , Egypt .

- Seeds of tomato fruits ( Lycopersicun esculentum ) were obtained from Egyptian
Canning Company {Best), Meniat Samannud , Aga , Dakahlia Governorate , Egypt.
- Refined sunflower oil (antioxidant free ) was purchased from Misr Campany for Qil
and Soap , El Mansoura , Egypt .

- Butelated hydroxy toluene (BHT) was purchased from Sigma Chemicals Company .
2. Methods

2.1. Preparation of raw materials

Wastes seeds used in this study were washed by tab water and dried in an air

circulated oven at 609C far 12 hrs to moisture content less than 10%. The obtained
dried materials were milled using Braun mill machine, sieved through 21 mesh screen
. packaged in polyethylene bags and stored in refrigerator { -4 £1°C ) for analysis .
2.2. Analytical methods

2.2.1, Chemical properties

- Maisture , ash , protein , crude fat and crude fibers contents and hydrocyanic acid
were determined  according to the methods described by the AOAC (2000) .

- Available carbohydrates and energy values contents were calculated according to
James ( 1995 ) . Minerals (Na , K, Ca, Mg, Fe and Zn ) were determined after dry
ashing according to the method described by the AQAC (2000}, using Atomic
absorption { Perkin — Elmer , Model 3300, USA). Tannins and phytic acid were
determined according to the methods described by Ranganna (1979).

-Chiorophyll {(a and b) and total carotenoids of tomato peel were determined
according to the methods described by Dere ef /. (1998 ).
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2.2.2. Extraction and determination of lycopene

Lycopene content was extracted and determined according to Ranganna
(1979).
2.2.3. Extraction of crude oils

Grounded peach and tomato seeds were soaked in hexane at room
temperature for 24 hours, then the micella { ¢il + hexane } was filtrated through filter
paper {Whatman No.1) and evaporated using rotary evaperator ta obtain the oil from
hexane micella . Sodium sulphate anhydrous was added to the oil (0.1 % , w/v) to
remove the traces of moisture. The oil was stored in dark bottles in refrigerator at-
40C for analysis .
2.2.4. Some chemical properties of crude oils

Acidity % (as oleic acid ), peroxide and iodine values were determined in all
extracted crude oils and sunflower oil according to the methods described by the
AQAC (2000) .
2.2.5, Fatty acids compaosition analysis

Gas liquid chromatography {Agilent 6890 GC, USA) was used for determination
and identification of the fatty acids methy! esters according to the method described
by Zygadlo et a/. (1994), at the Central Laboratory of Food Technology Research
Institute , Giza , Egypt .
2.2.6. Extraction and determination of total phenolic compounds

Milled sample (20gm} was extracted over night with 200 ml. methanol at room
temperature. Total phenclic contents were determined using the Folin Ciocalteau
reagent according to the method described by Kaur and Kapoor ( 2002 ) .
2.2.7. Fractionation and identification of phenolic compounds

Phenolic compounds of methanolic extracts were passed through micro-filter
0.45 pm and identified using high performance fiquid chromatography (HPLC),
Hewelt-Packard (Model hp 1050), according to the method described by Gerz
(1990). The separation and determination were performed on Ci8 column (150x4.6
mm) . The mobile phase yielded results of (methanol: water: acetic acid, 40 : 55.3 :
0.7 , v/v/v). The wave length in the UV detector was 254 nm. Total run time for the
separation was approximately 25 min at a flow rate of one mil/min. Phenolic
compounds of each sample were identified by comparing their relative retention
times with those of the standard mixture chromatogram . The concentration of an
individual compounds was calculated on the basis of peak area measurement , then
converted to mg phenolic / 100 gm dry matter .
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2.2.8. Determination of antioxidant activity

The dried methanolic extracts of seeds and extracted lycopene at levels of
200,300,400 and 600 ppm and 20, 40, 200, 300 and 400 ppm, respectively and BHT
(200 ppm) were mixed well with sunflower oil using magnetic stirrer to complete
dispersion in the oil. Sunflower oil sample was kept without any additives as a
controf. The antioxidant activity was determined by the Rancimat method using
Rancimat Metrochm 679 as described by Hasenhuttle and Wan (1992) and the
induction period (I.P.) was conducted with Rancimat at 100°C and caiculated at 25¢C
using the temperature coefficient of 2.2 for induction period and 2.5 for expired
period. The antioxidant activity and increasing index were calculated using the

following equaticon:

Antioxidant activity = (_Induction period of sampie — induction period of control } x 100

Induction period of control

Increasing index = Induction period of sample
Induction period of control

RESULTS AND DISCUSSION

1- Chemical properties of peach and tomato seeds

Data presented in Table ( 1 ) reveal that peach seed kernels contained 3.155 %
ash, 22.647 % protein, 43.137 % fat, 9.282 % crude fibers and 13.646 %
carbohydrates. These data are in agreement with those found by Allam (2001).
Tomato seeds had 4.226 % ash, 28.636 % protein, 26.241% fat , 19.831 % crude
fibers and 14.119 % carbohydrates on dry weight basis. These results are in
accordance with those of Persia ef &/, (2003). From the data presented in the same
table some antinutritional substances in peach and tomato seeds were also detected .
Peach seed kernels and tomato seeds contained traces amounts of hydrocyanic acid
(HCN) (0.157 % and 0.063 %, respectively). The HCN content of peach seed kernels
was in the range detected by Hussein {2002}, who found that HCN content of peach
seed kernels ranged from 0.112 to 0.19 % HCN. On the other hand, tomato seeds
contained 0.063 % HCN. Tannin content of peach seeds kernels was (0.497%), but
no tannin was detected in tomato seeds. The peach seed had lower content of phytic
acid than tomato seeds which was 1.36% on dry weight basis, Also, from the
aforementioned data, it could be clearly noticed that tomato seeds had higher
contents of potassium and magnesium (302,52 and 242.212 mg/100 gm),
respectively than peach seeds. Calcium, fron and zinc contents of both tested seeds
were found in a large portion, Peach seeds had the highest content of iron, which
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represents about three folds of that found in tomato seeds. Besides, peach and
tomato seeds had zinc contents of 147.845 and 200.543 mg / 100 gm, respectively .
2-Carotenoids in tomato peel

Carotenoids play a great role in protecting the body against oxidizing agents ,
mutagens and carcinogens (El-Seesy and Hamed ,1998). Therefore, the total
carotenoids and their fractions, chlorophyll @ and b and lycopene contents of {omato
peel were determined and the resuits are given in Table ( 2 ) . From these data , it
could be observed that tomato peel had high contents of chlorophyll @ and b { 10.04
and 12.76 mg / 100 gm, respectively ) . Lycopene is the predeminant carotenoid in
tomato peel (157.531 mg / 100 gm). Also, total carotenocids content was 4392.74 mg
/ 100 gm. These results are near to those reported by Radwan et 4/ ( 2004 ), who
found that tomato peel lycopene content was 138.87 mg / 100 gm dry matter.

Table 1 . Chemical composition of peach and tomato seeds

Constituents% e Peach Tomato
Maisture 8.133 6.547
Protein 22.647 28.636
Fat 43.137 26.241 i
Crude fibers 9.282 19.831
Available carbohydrates 13.646 14.119
Energy value (K cal / gm )} 533.405 407.189
dry matter
Tannins 0.497 0.00
Phytic acid 0.437 1.360
HCN 0.157 0.063
Ash 3.155 4.226 B
Minerals:
{mg/100gm) 39.829 16.4283
Sodium
Potassium 248.090 302.520
Magnesium 169.625 242.212 |
Calcium 624.264 577.581
Iron 84.115 39.625
Zinc 147.875 200.543

* ( on dry weight basis }
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Table 2. Carotenoids content of tomato peel.

Carotenoids* Tomate peel
Chlorophyll a 10,0400
Chiorophyll b 12.764
Lycopene 157.531
Total carotenoids 4392.738

* ( mg / 100 gm on dry weight basis }
3-Chemical properties of extracted peach and tomato seeds oils

Peach and tomato seeds oils were extracted and some chemical properties are
presented in Table ( 3 ). From these results, it was found that peach seeds had
higher oil content { 43.14 % )} than that of tomato seeds ( 26.41 % ). This high
content of oil encourage the researchers to evaluate the extracted oils. Acidity,
peroxide and iodine values were determined, compared with those of refined
sunflower oil { SFO } . Such properties would give an indication about the possibiiity
and suitability of uses of the produced crude seeds oils either for edible or industrial
purposes . Acidity of all examined seeds oils were higher than those of refined SFC
(0.164 %). In addition acid value of peach seeds oil ( 0.407%) was higher than that
reported by Hussein (2002 )and near to the value mentioned by Allam ( 2001) . Also,
acid value of tomato seeds oil { 2.30%) was lower than the values mentioned in the
literature . The peroxide values of extracted crude oils were 6.43 and 3.271 meq. O3/
kg for peach and tomato seeds, respectively . These values showed that no oxidation
have taken place in the extracted crude oils . [odine values of peach and tomato
crude oils were 103.553 and 111,528, respectively. From the aforementioned data, it
could be concluded that peach and tomato crude oils are considered as semi dried
oils, Iodine value of peach seed kernels oil was close to the values reported by Allam
( 2001 ) and Hussein ( 2002 ) . Moreover, iodine value of tomato seeds oii was in
agreement with those reported by Persia et 5/ (2003).

Generally, it could be concluded that the studied extracted seeds oils had

chemical properties in the normal range of edible oils .
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Table 3. Crude ails content and some chemical properties of extracted peach and
tomato seeds oils .

1
Qils
Peach Tomato *SFO
Analysis
Qi} content % 43,137 26.241 -
Acidity 0.407 2.3 0.164
Perpxide value
K . 4.
(meq. 02 / kg }. 6.43 3271 9
Todine value 103.553 111.528 133.364

*5FO = Refined sunflower ail .
4- Fatty acids compaosition of extracted crude oils

The fatty acids composition of extracted peach and tomato seeds crude oils
were separated and identified using GLC and the results are given in Table { 4} . The
results show that peach kernels oil contained the highest content of total USFA
(92.677 %) and the most abundant fatty acids in MUSFA was oleic acid ( 71.685 % ).
Meanwhile , reasonable amount of linoleic acid { 20.805 % ) and lower content of
total SFA (7.323 %) as palmitic acid ( 7.217 % ), beside trace amount of arachidic
acid {0.106 %) were also detected in peach kernels oil. These data are near to those
of Allam (2001) and Hussein { 2002 ). Six fatty acids of tomato seeds oil were
identified and the results are shown in Table { 4 ) . The total USFA content ( 83.370
% ) was increased compared with total SFA content { 16.630 %). linoleic acid
represented the major part { 58.327 % )} of total USFA followed by oleic acid ( 22.66
% ) and lower amount of PUSFA as linoleic acid { 2.383 % ) was detected. Tomato
seads oil was the highest of palmitic acid content { 13.365 % ) compared with that of
other tested oils . These data are in accordance with those of Giannelos et a/. (2005)
. From the aforementioned data , it couid be clearly observed that the percentage of
the unsaturated fatty acids of peach and tomato seeds oils were high and reached
approximately 93% , specially , essential fatty acids ( lincleic , Omega 6 ) which
reflect the nutritional vaiue of these oils .

5- Total phenolic compounds of peach and tomato seeds

Total phenolic compounds of peach and tomato seeds were determined and the
results are shown in Table (5). From these results, it was found that the total
phenolic compounds detected in tomato seeds ( 68.939 mg / 100 gm) were lower
than those detected in peach seed kernels (89.628 mg / 100 gm). Meanwhile,
tomato seed total phenolic compounds content was higher than those of Toor and
Savage (2005) and lower than the value reported by George ef &/, (2004).
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6-Fractionation of phenolic compounds

Data in Table (6) show the fractions of phenolic compounds of peach and
tomato seeds. As recorded in the same table it could be clearly naticed that there are
four fractions of phenolic compounds found in peach seed kernels, in lesser amounts ,
were pyrogallic acid ( 0.026 ), hydroquinone ( 0.024 }, gallic acid { 0.304 ) and rutin
{ 1.295 ) mg /100 gm dry seeds. As regard to tomato seeds, five fractions of phenalic
compounds were gallic acid, resorcinol , protocatechuic , chloregenic and kaempfero!
(15.505, 9.754 , 0.730 , 0.758 and 0.470mg /100 gm , respectively). Furthermore,
gallic acid is the predominant phenolic compound of tomato seeds.

Table 4. Fatty acids composition of peach and tomato seeds oils .

Qils
Peach Tomato
Fatty acids %
Palmitic acid
7.217 13.365
Cl6:0
Steanc acid
3.165
C18:0
Clew acid
71.685 22.660
C18:1
Linoleic acid
20.805 58.327
C18:2
Linoleric acid
0.187 2.383
C1B:3
Arachidic acd
0.106 0,099
C20:0
Qthers -
Total saturated
7.323 16.63D
fatty acds %
Total unsaturated fatty acids % 92.677 83.370
Totat fatty acids 100 100
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Table 5. Total phenolic compounds content of peach and tomato seeds .

Total phenolic content
Samples
*( mg / 100 gm)
Peach seeds 89.628
Tomato seeds £8.939 _l

On dry weight basis.®

Table 6. Fractions of phenolic compounds of peach and tomato seeds methanolic

extracts .
Samples]
Peach seeds Tomato seeds
*Phenolic compounds
|
Pyrogallic acid 0.026 - J
] Hydroquinone 0.024 -
| Gallic acid 0.304 15505 |
B Rutin 1.295 - N
r Resorcinol - 9.754
Protocatechuic . - 0.730
Chlorogenic - 0.758
Kaempferol - 0.470 ]

*mg/ 100 gm dry matter
7-The effect of phenolic extracts on oxidative stability of sunflower oil
Forced oxidative conditions were used to determine the effect of addition peach
and tomato seeds methanolic extracts ,as well as lycopene on shelf life or oxidative
stability of SFO and the results are shown in Tables ( 7, 8 and 9).
7.1-Peach seed kernels
Peach seed kernels methanolic extract (PME) was added at levels of 200, 300,
400 and 600 ppm to sunflower oil to study its antioxidant activity and the resuits are
shown in Table (7) . The results reveal that the oxidative stability of sunflower oil was
increased with increasing the leve! of PME until 400 ppm that exhibited the best
oxidative stability and increased the shelf life of sunflower ¢il to 12.5 months . After
that, increasing the PME level ( 600 ppm } decreased the oxidative stability of
sunflower oil compared with that obtained with other levels. Also, it can be observed
that BHT had higher antioxidant activity { 1.26 ) than that of peach seed kernels
methanolic extract . The low oxidative stability of PME may be due to its lower

content of total phenalic compounds as previously shown in Table ( 9) .
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Table 7. Effect of peach seed kerneis methanolic extract on oxidative stability of

sunflower ail
[ Oxidative stability
Extracts induction period | Expired period at | Shelf fife at Antioxidant | Increasing
evels atLopoc 25°C 25°C actty e
{ hours } { months } { months )

Control 7.265 4.030 10.780 - -
BHT{ 200ppm ) 9.140 5.070 13.560 1.260 25.810
PME (200 ppm) 7.965 4.416 11.820 1.160 5.640
PME{ 300 ppm) 8.090 4.485 12 1.114 11.360
PME( 400 ppm) 8.425 4.671 12.500 1.160 15.970
PME( 600 ppm) 6.500 3.664 9.642 0.895 -0.105 |

7.2-Tomato seeds

Data presented in Table (8) reveal that there is a positive relationship between
oxidation stability of sunflower oil and increasing the tomato seeds methanolic extract
{TME) levels. The highest oxidative stability ( 8.84 hr. ) was obtained using of TME at
level 600 ppm compared with those of the other levels . Shelf life and antioxidant
activity of sunflower oil were increased gradually with increasing the TME levels
(11.03 to 12.67 months and 1.02 to 1.18, respectively ). These results are in
agreement with those reported by Hemeda { 1994 ). Accordingly , from data shown in
the same table , it can be seen that addition of BHT { 200 ppm ) had a higher effect
on the oxidative stability of sunflower oil than those occurred with TME . This may be
due to lower content of total phenolic compounds TME compared with other tested

seeds .
7.3-Crude lycopene extract

Data in Table (9) show the effect of additiocn of crude lycopene extract with
tevels 20 , 40, 200, 300 and 400 ppm on the oxidative stability of sunflower oil . The
addition of BHT( 200 ppm) resuited in the highest induction period { 9.14 hr. ) and
increased shelf life to 13.56 months. On the other hand, lycopene crude extract acted
as pro-oxidant in higher concentrations { 200, 300 and 400 ppm ) , which had
induction periods 4.86 , 4.63 and 6.65 hrs. , respectively . Meanwhile , lower levels of
lycopene extract ( 20 and 40 ppm ) had an antioxidant effects on the stability of
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Table 8. Effect of tomato seeds methanolic extract on oxidative Stability of sunfiower

oil .
j Oxidative stability
ndudion Expired period at
Extracts reriod at ° 2522 Shelf ife at 259C|  Antioxidant | Increasing index [
levels 100°C { months } acteaty %
{ months }
{ hours )
Control 7.265 4.030 10.780 - -
BHT{ 200ppm ) 9.140 5.070 13.560 1.260 25.810 |
ARk o AL I Tt N Al o
TME (200 ppm) 7.43% 4122 | 11.030 1.020 2.340
TME (300 ppm) 7.870 4.363 h 11.670 1.080 8.330
I TME (400 ppm) | 8.330 4,620 12.360 1.150 14.660
TME( 600 ppm) |  8.535 4734 | 12664 1.175 17.481

sunflower oil which had induction periods of 8.05 and 7.69 hrs. , respectively .
Also , the fevels of lycopene crude extract 20 and 40 ppm had an antioxidant activity
(1.11 and 1.06 , respectively), compared with those of BHT ( 1.26 ). These results are
in agreement with those reported by Radwan et a/ ( 2005 } , who found that
lycopene concentration { 20 ppm ) have induction period of 10 hours whiie 80 ppm
had 9.57 hours. Therefore, there is an adverse relationship between concentration
and induction period when lycopene added to sunflower oit . Galicia et a/ { 2005 )
studied the stability of lycopene added to canola oil , which reported that the oxidized
pigment probably acts as pre-oxidant. Also, lycopene is stable against photo oxidation
of canola ¢il. Maforimbo { 2002 ), reported that carotenoids seemed to be effective in
retarding oil peroxidation under photo oxidation , while showing pro-oxidant activity
under gven heating auto oxidation and showing slight antioxidant activity under
Rancimat auto-oxidation tests .

Finally, it could be concluded that both peach seed kernels and tomato seeds
cils have complex mixture of components with antioxidant properties. The
compositional factors of peach seeds oils, moderate content of lincleic acid and low
content of the easily oxidized linolenic acid, that contribute to its good behavior &

frying ¢il .
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Table 9, Effect of lycopene crude extract on oxidative stability of sunflower oil .

Oxidative stability
Extracts
levels Induction period at | Expired period at Shelf life Antioxidant Increasing
1000 C 25°C at 259C actmity Inclexth
{ hours ) { months ) { months }
Control 7.265 4.030 10.780 - -
BHT(200ppm) 9.140 5.070 13.560 1.260 25.810
LCE 20 ppm 8.050 4.465 11.945 1.140 11
LCE 40 ppm 7.690 4.266 11,411 1.060 6
LCE 200 ppm 4.865 2.70 7.220 0.669
LCE 300 ppm 4.630 2.570 6.869 0.637
LCE 400 ppm 6,650 3.690 9.870 0.915 -
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