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Rhodium heterogeneous catalyst was used to catatyze isomerization of linoleic acid in soybean ol to
conjugated finoleic acid {CLA). A central composite rotatable design with five levels of three variables,
namely, reaction temperature, stirring speed, and reaction ime, was used to determine the maximum
CLA yield. The formation of CLA during isomerization was greatly dependent on the reaction
temperature and time. The CLA content of soybean oll increased from 0.63 to 202.42 mg/g oif when
isomerization was done at 200 °C, with a stiring speed of 200 rpm for 48 min. Analysis of triacylglycerol
positions showed that linoleic acid at any position in & tacylglyceride could passibly be iscmerized

fo CLA.
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INTRODUCTION

Conjugated linolei¢ acid [CLA; CH3(CHz)sCH==CHCH=CH-
(CH;3},COGH] refers to a mixture of positional and geometrical
isomers of linoleic acid with conjugated double bonds. It is
found predominantly in meat and dairy products due tw
isomerization of linoleic zcid to CLA in ruminant animal by
Gram-positive bacteria such as Butyrivibrio fibrisolvens, Ru-
minecoceus albus, and Eubacterium sp. (). It has been reported
that health benefits of CLA may include anticarcinogenesis (2
4), antiatherosclerosis (F), enhancing immune function (6), and
body fat reduction (7, 8. Commercially, CLA is mainly
produced by alkaline isomerization of linoleic acid. This
isomerization method has been known as diene conjugation
since 1951 (9) in which 9¢,114-18:2 and 10¢,12¢-18:2 fatty acids
are predominant isomers from the synthesis. However, using
an excess of smong basic potassium hydroxide or sodium
methoxide is disadvantageous (/0). Furthermote, CLA in its
chemical form of a free fatty acid (FFA) during alkaline
isomerization is easily oxidized in ajr (77). Other methods for
conjugating diene stuctures include using homogeneous and
heterogeneous catalysts. Homogeneous transition metal catalysts
such as RhCL(PPha)s, [RRCI(CsHia):]2, and RRC1-2H,0, have
been used to study the isomerization of double bonds in organic
compounds including linoleic acid (/2, 13). However, it is
difficult to separate soluble homogeneous catalysts from the final
product.

Heterogeneous catalysts used for double bond hydrogenation
not only facilitate hydrogenation but alsc have the tendency to
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catalyze isomerizations and double bond migrations (74).
Mossoba et al. (15) and Jung et al. (/6) showed the potential
of conjugation of unsaturated farty acid in edible oil using a
heterogencous nickel catalyst. Patladium, platinum, and rhodinm
are also active catalysts for hydrogenation and possible isomer-
ization. [n addetion, they are easy to use and separate from the
isomerized oif product. From our preliminary studies on the
potential use of pafladium, platinuimn, and rhodium catalysts for
the conjugation: of fatty acids, rhodium was shown to be the
most effective catalyst for conjugation of diene at high fem-
perature and ethylene glycol was a good medium in the reaction.

This paper presents a study of the effect of isomerization
conditions using & heterogeneous catalyst (Rh on carbon) on
the formation of CLA in soybean oil. Ag™ high-performance
liquid chromatography (HPLC), gas chromatoegraphy (GC), and
GC-MS were used to determine and identify the CLA isomers.
Triacyl-sn-glycerols in isomerized soybean oil were partially
hydrolyzed with pancreatic lipase and analyzed by thin-layer
chromaiography (TLC) and Ag* HPLC for determining CLA
position in the triacyl-sn-glycerols.

MATERIALS AND METHODS

Materials, Soybean oil was purchased from Wal*Mart Stores Inc.
(Bentonvilic, AR, Lot 030203CAA). Three standard CLA methyl ester
(CLAME) isomers [%¢,11e; 9¢,lig and 9£,1(¢ {98% purity)] were
purchased from Matreya, Inc. (Pleasant Gap, PA) and kept at —20 °C.
Rhodium, 5% on carbon, was supplied by Strem Chemicals, Inc.
(Newburyport, MA), and C;; methyl ester, 2-amino-2-methyl-1-
propanc! (95%), and pancreatic lipase [tiacylglycerol (TAG) lipase;
EC 3.1.1.3] were purchased from Sigma-Aldrich Chemicals, Inc. (St.
Louis, MO), Silica TLC plate F254, 25 em x 25 om, was purchased
from Merck K(aA (Darmstadt, Germany). Sodium methoxide, ethylene
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glyeol, acetonitrile, and hexanes were supplied by Fisher Co. (Fair
Lawn, NJ). All chemicals and solvents were reagent grade,

Experimental Design. A central composite rotatable design (/7)
with three variables at five levels, namely, reaction temperature (146,
160. 180, 200, and 214 °C), stiring speed using a magnetic bar
controlled by a hot piate heater ({100, 200, 300, 400, and 509 rpm},
and reaction time (0, 49, 120, 191, and 240 min). was used to determine
the maximum yield of CLA.

Isomerization Conditions. The isomerization was performed by
mixing 5 g of soybean ail with 10 g of ethylene glycol in a reaction
flask. After the mixtures were heated to the set point temperature,
0.015% of thodium catalyst was added. Afier the mixture was reacted
for the selected reaction time, the isomerized o0il was separated from
ethylene glycol and catalyst by centrifuging at 2000g for 15 min and
filtering through a 0.2 gm filter. The isomerized oil was purged with
nitrogen and kept at ~20 °C. The isomerized soybean oif was analyzed
for iodine value by fudometric titration according to AQCS officiai
method Ca 2a-47 (/&) Fatty acid profiles and CLA were analyzed by
GC and HPLC, respectively, CLA isomers were identified by spiking
of'three standard CLAs in Ag™ impregnated HPLC analyses. In addition,
maolecular ion and characteristic fragmentation patterns of 4. 4-dim-
ethyloxaroline (DMOX) CLA derivatives were analyzed by GC-MS
and compared with reference fiterature (19, 20). The positions of the
CLA in TAGs were investigated by partially hydrolyzing the CLA—
TAG with pancreaiic lipase. The TAG position was analyzed and
confirmed by using TLC and HPLC techniques.

Preparation of CLAME. Approximately 30 mg of isomerized
soyhean oil was placed into a 15 mL reaction tube fitted with a Teflon-
lined screw cap. Two milliliters of (.5 M sodium methoxide and | ml
of internal standard (2.02 mg/mL of C,; methyl ester in hexane) were
added. The tube was flushed with ritrogen and then heated at 50 °C
for 20 min with cccasional shaking, After methylation wag completed,
10 mL of HPLC waler was added. The solution was transferred to a
40 mL centrifuge tube, and 6 mL of hexane was added for CLAME
extraction. The solution was centrifuged at 2000g at 10 °C for 20 min.
The hexane layer was dried over sodium sulfate and anatyzed by GC
and HPL.C,

CLAME Amnalysis by HPLC. A Perkin-Elmer HPLC equipped with
a 20 gl Rheodyne injection loop, a UV detector set at 233 tm, and
two ChromSpher § lipids analytical (4.6 mm i.d. x 250 mm stainless
steel, 5 pm patticle size, Varian-Chrompack) silver-impregnated
celumns with a guard column were used in series. HPLC separation
was performed isocratically with the mobile phase of §.1% acetonitrile
in hexane freshly prepared and at the flow rate of 1.0 mI/min,

CLAME and Fatty Acid Methyl Ester (FAME} Analysis by GC.
CLAME and FAME were analyzed by GC (83500 GC, Perkin-Elmer.
Norwalk, CT) equipped witha 100 m x .25 mm fused silica capillary
column (SP2560, Supelco Inc,, Bellefonte, PA). Injector and detector
tetsperatures were 240 °C. The column temperature was kept at 75 °C
for 1 min and then increased at 20 “Cimin to 185 °C and held ar 185
°C for 15 min and then increased at 4 *C/min to 220 °C and held at
220 °C for 45 min.

DMOX Derivatives. CLAME samples were collected from HPLC
fractions and hydrolyzed to FFAs by using 10 mL of 0.5 N KOH in
methanol at 80 °C for 40 nun. After hydrolysis, 10 mL of water was
added. The mixture was adjusted to pH 3 with 1 N HC) and salted out
with NaCl. The mixture was wransferred to a 46 mL centrifuge tube,
and then, 10 mL of petroleum ether was added and centrifuged at 2000g
at 10 *C for 20 min, The petrolenin ether layer containing FFAs was
dried over sodium sulfate and concentrated under nitrogen gas to |
mL. The sample was then placed into a screw cap reaction fube and a
3-foid amount of 2-amino-2-methyl-1-propanol (79} was added. The
tube was purged with nitrogen and then heated at 170 °C for 5 h. At
the completion of the reaction, 19 mL of HPLC water was added. The
mixture was transferred to a 40 mL centrifuge tube, and then, 10 mL
of petroleum ether was added. Two milliliters of saturated NaCl was
added to break the emulsion, The mixture was centrifiuged at 2000g at
10 °C for 20 min. The petroleum ether layer was dried over sodium
sulfate and concentrated under nitrogen gas. DMOX derivatives were
analyzed by GC-MS.
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DMOX Derivatives Analysis by GC-MS. DMOX derivatives were
analyzed by GC-MS (GC: Varian, Star 34000X; MS: Varian, Saturn
2000, Palo Alte, CA) equipped with 2 100 m % 0.25 man fused silica
capillary cotumn (SP2560, Supelco Inc.). Injector and transfer line
ternperatures were held at 220 °C. The column temperature was kept
at 7% °C far [ min and then increased at 20 °C/min fo 185 °C and held
at 185 °C for 15 min and then increased at 4 °C/min to 220 °C and
held at 220 “C for 45 min.

Statistical Analysis. Resuits obtained from the central composite
rotatable design were analyzed by using the general linear model (GLM)
procedure for regression analysis (2/). An independent samnple #test
was conducted to identify differences among means. A p < 0.05 was
considered statistically significant.

Partial Hydrolysis of TAG for CLA Pesitional Analysis. Twenty-
five milligrams of isomerized soybean oil was hydrolyzed with 6 mg
of pancreatic lipase in 2.5 mL of 10 M Tris-HCI, pH 8, 0,25 mL of
2.2% wiv CaCly, and 0.625 mL of 0.05% wiv sodium-taurochalate at
40 °C for 12 min (22). The reaction was stopped by adding 5 mi of
ethanol and 5 ml. of 6.0 N HCI, The mixture was transferred into a 40
mL centrifuge tube, and 10 mL of diethy! ether was added and
centrifuged at 2000g at 10 °C for 20 min for extraction. The diethyl
ether layer was dried over sodium sulfate and concentrated under
nitrogen gas. CLA positions in triacyl-sn-glycerol were analyzed by
TLC and HPLC.

Friacyl-sa-glycerol Positional Analysis by TLC and HPLC, The
hydrolysate and standards (tripalmitolein, 1-monolinolein, and lnoleic
acid) were spotted on a silica gel TLC plate. The developing solvent
was hexane/diethyl etherfacetic acid (70:3(0:1 wv). To detect the
positions of the standards and hydrolysates, the TLC plate was partially
covered with a glass plate and exposed to ioding vapors. Unexposed
TAG fractions were scrapped off the plates and extracted from silica
with diethyl ether. TAG, diacylglycerol (DAG), monoacylglycerol
(MAG), and FFAs fractions were methylated by BFymethano! (23)
and analyzed for CLA by HPLC.

RESULTS AND DISCUSSION

CLA Profiles of Rh Catalyst Isomerized Oil. Ag* HPLC
chromatographic separation of CLAME showed 15 peaks in
three groups of CLA isomers: frans,irans, cis,trans/trans.cis,
and eis,cis-18:2. Peak identifications for three CLAs were
confirmed to be 9r,11¢-18:2, 9¢,11¢-18:2, and 9¢,11¢-18:2 by
spiking with standard CLAs of 98% purity. Further identification
of other CL A peaks was done by analyzing DMOX derivatives
from Ag"™ HPLC fractions by GC-MS and using reference
literature (79, 20). The DMOX derivative spectra showed
molecular ions of m/z 333, which is a molecular ion of the
DMOX derivative of all CLA isomess (24). The mass spectra
consisted of a series of even mass ions separated by 14 mass
units (mu) due to losses of methylene units. The even mass
homeologous series m/z 126 + 14 mu is interrapted in the region
of the double bonds. The mass spectrum showed a mass
difference of 12 mu between m/z 210/222 and m/z 236/248,
miz 196/208, and m/iz 222/234 according to conjugated double
bonds in positions 10,12 and 9,11, respectively (9, 24, 25).

From the results of CLA standard spiking, MS of DMOX
derivatives, and information from references, it can be concluded
that the trans,trans-18:2 was the first eluted group followed by
cis,transitrans,cis-18:2 and then cis,cis-18:2, The trans,trans
isomers were separated inzo six peaks identified as (1} 2,141,
(2} 11,132, (3) 101,128, (4) 94,114, (5) 81,10z, and (6) 71,91, The
cis, trans/trans,cis isomer group contained five isomers and was
the major group of CLA in the isomerized oil; (7} 12¢,14¢12¢.-
14¢, (8) 11c,138/1E413¢, (9) 10c,12¢/10¢,12¢, (10) 9¢,11£9¢,-
tie, and (11) 8¢,104/8£,10¢ as shown in Figure 1. The last CLA
group on Ag* HPLC chremaiogram included the efs,cis isomers.
They separated into four peaks as {(12) 11¢,13¢, {13} 10c,12¢c,
(14) 9¢,11¢, and {15) 8¢,10c.
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Figure 1. Ag* HPLC chromatogram of isomerized soybean oil. The individual isomers are (1) 124,14 (2) 114131, (3) 104128 {4) 9811£ (5) 84108, {6)
7Lt (7) 12¢,144124 14, (8) 116,13811413¢; (9) 105,12410412¢; (10) 3¢, 1169 11¢; (1) 86,1088410c; (12} 11c.13¢; {13} 10¢,12¢; (14) 8¢, 11c; and (15)

8c,10¢.

Table 1. Effects of Isomerization Conditions on Total CLA Conlents
and lodine Yalues of Isomerized Soybean Oit

fotal CLA iodine
{rgfg of oil) value

temp speed time
treatment (*C) {rpm) {min)

1 160 200 49 112775 120 £1
2 200 200 49 20244221 15+1
3 16¢ 400 49 1298+ 134 118+1
4 200 400 49 181.9+£ 138 16+1
5 160 200 181 864179 1181
6 200 200 191 11714113 1161
7 160 400 19 86.3+94 M6+ 1
8 200 400 191 12174129 13+
9 146 300 120 880+ 115 1221
10 214 300 120 63.2+109 11t
1 180 100 120 11132 1M9£1
12 180 500 120 1175+ 145 118 +1
13 180 300 0 2303 136+1
14 180 300 240 105.7 £ 12.8 1Mt£0
15 80 360 120 1343+ 83 116+0

Effects of Isomerization Conditions on the CLA Conients,
Preliminary aralysis showed that the rhodium catalyst on catbon
was more effective for isomerization than palladium and
platinum. Using hydrogen gas as the hydrogen source favored
hydrogenation rather than isomerization, whereas using ethylene
glycol as the hydrogen source was optimal for the conversion
of linoleic acid to CLA, which might involve the concentration
of chemisorbed hydrogen (26). Furthermore, we found that
isomerization did not occur at low temperature, and long reaction
times induced hydrogenation rather than conjugation. Thus, the
study design included high reaction temperatures for less than
4 h. CLA concentrations were determined by integration of GC
peak arcas using Cj7 fatty acid as an internal standard. The
original soybean oil contained pahmitic acid, stearic acid, oleic
acid, linoleic acid, and linolenic acid contents of 122.80, 42.60,
223.80, 550.30, and 67.70 mg/g oil, respectively, and a total
CLA concentration of 0.63 mg/g oil, which increased to 2.33
mg/g oil {treatment 13) by simply being heated from room
temperature to 180 °C (Table 1).

Ags it can be seen from Table 1, the formation of CLA during
isomerization was greatly dependent on reaction temperature
and time. Increasing the reaction femperature from 146 (treat-
ment 9) to 180 °C (treatment 15) resulted in an increase in total
CLA contents (Figure 2A). This was due to the isomerization
reaction of linoleic acid, which decreased as reaction temper-
atures increased {Figure 2B). Another source for CLA might
have been linolenic acid as it decreased from 67.70 mg/g of oil
in the starting soybean oil to 12.10 mg/g of eil in {reatment 2.

The maximom yield of total CLA was 20242 mg/g oil
obtained at 200 °C with a stirring speed of 200 rpm for 49 min

(treatment 2) (Table 1). At this temperature, Jung et al. (/6)
also found high CLA contenis in partially hydrogenated soybean
oil using a nickel catalyst. They reported a total CLA content
of 162.82 mg/g oil at a hydrogenation temperature of 210 °C;
however, the frans.frans isomers were also very high.

When the temperature increased to 214 °C (treatment 10),
the total CLA significantly {p < 0.05) decreased duec to
hydrogenation, which was determined by a decrease in iodine
value from 115.53 in treatment 2 to 111.26 in treatment 10 (p
< (.05). The supporting informatien is shown by an increase
in C18:1 and C18:0 as a result of loss of double bonds from
C18:2 and C18:3 (Figure 2C.D). In addition, when the reaction
time was long (4 h; treatment 14), the total CLA decreased to
105.73 mg/g oil. It was due to hydrogenation being favored
over isomerization as indicated by an increase of monounsat-
urated and saturated fatty acids (Figure 2C D) and a decrease
in iodine value to 111.17. Jung et al. (/6) also found that the
hydrogenation of soybean oil significantly increased when a
nickel catalyst was used in the reaction for 3—4 h,

The proportions of individual CLA isomers affected by the
isomerization conditions are shown in Table 2. Only reaction
temperatuges and times affected the alteration of CLA config-
uration. Increasing the temperature to 180 °C resulted in an
increase in cis fransttrans,cis isomers. A further increase in the
reaction temperatures caused a decrease in cis.frans/trans,cis-
CLA, which resulted from bond shifting of cis,trans/trans,cis-
to trans trans-CLA. The reaction time also affected eisrrans/
trans,cis-CLA proportions. A long reaction time (4 h) caused a
decrease in cis,fransitrans,cis isomer but transtrans-CLA
increased.

The maximum CLA yield was obtained from treatment 2.
This isomerization condition provided 20.56, 72.46, and 7.00%
of transitrans-, cistransitrans,cis-, and cis,cis-CLA, respec-
tively. The amounts of isomers 10¢,12¢/101,12¢ (34.84%) and
9, 118/9:,11¢ (28.78%) indicated that the double bond at A9,
which was closer to the carboxyl group, had a greater absorption
of Rh and was more reactive than the double bond at A12, which
is closer to the methyl end of the carbon chain. Therefore, it
might be concluded that the isomerization condition at 200 °C,
200 rpm for 49 min, provided CLA contents high in cis,trans/
tran,cis isomers, of which 9¢,11# and 10¢,12¢ have been reported
to have anticarcinogen and body fat reduction properties. In
addition, this isomerization condition exhibited rather low
concentrations of rranstrans- and cis,cis-CLA isomers. As
compared to a nickel catalyst (/6), thodium provided much
higher proportions of cis, fransitran,cis- and lower amounts of
trans.rans-CLA. However, alkaline isomerization (27) has a
greater activity and selectivity than rhodium because it provided
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Figure 2. Response surface graphs showing the effect of temperature and isomerization time at a stirring speed of 200 rpm on total CLA {A), linoleic

acid (B), oleic acid (C), and stearic acid (D).

Table 2. Distribution of Individual CLA lsomers (% of Total CLAs} Affected by Isomerization Conditions

freatments
CLA isomers 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
126148 0.16 0.41 0.35 0.36 0.48 0.33 0.29 0.42 0.13 1.06 0.4 017 0.00 0.34 0.29
118138 237 261 1.68 222 1.70 2.04 1.94 241 1.82 363 206 2.19 0.00 2.20 2.38
10412t 6.28 576 6.63 6.95 7.09 7.06 7.43 7.75 675 4.81 7.06 8.85 8.86 7.92 727
Gh11t 8.27 7.65 6.61 687 7.08 6.97 7.40 7.69 676 1014 7.06 682 1215 7.91 723
8£10f 2.62 3.98 2.9 335 2.78 204 276 3.46 2.35 5.28 314 2.88 481 3.47 313
Tt9t 017 0,15 0.38 0.46 0.08 0.28 (.08 0.19 0.03 .22 0.30 o1 0.90 0.11 0.15
12¢,14812114¢ (.97 013 0.94 062 0.28 0.67 .21 0.37 0.24 1.64 0.48 0.26 0.94 0.12 029
11c,13¢11813¢ 1.19 4.40 1.42 430 205 9.60 2.04 8.25 118 1316 4.20 380 478 5.61 3.67
106,12810112¢ 3797 3484 3880 3479 3814 2908 386 2935 4084 1725 3483 3620 1782 3256 3620
B¢, 11491 11¢c 3208 2878 376 2875 3096 2397 3171 2476 3322 1622 2082 3047 2082 2705 30.20
85, 10881 10c 1.56 4.3 1.47 4.26 238 8.50 2.32 8.12 162 1265 4.34 ATt 246 583 366
11¢,13c 0.68 041 0.30 049 0.27 0.47 0.21 0.50 0.17 0.00 0.48 0.34 0.79 0.50 0.30
10¢,12c 376 308 2.99 3.04 332 3.20 2.714 33 246 2.16 2.80 311 1545 304 254
9cite 33 M 298 284 309 327 241 302 a1 347 261 21 716 308 2.33
8c,10¢ 0.52 .50 067 o 03 0.61 0.32 042 032 33 0.50 037 296 026 0.36
total trans,trans 1787 2056 1859 2021 1921 1863 1990 2182 1784 3014 1996 19.02 2672 2195 2045
total cis,transf/frans,cis ~ 73.77 7246 7448 7272 73Rl 7282 7444 7085 774 6092 7367 7444 4692 7117 74.02

total cis, cis 835 700 6.94 707 689 7.55

568 726 506 894 6.37 653 2636  6.88 5.53

higher proportions of cis,irans/tran.cis- and lower amounts of
mranstrans-CLA. The catalytic pathway for double bond migra-
tion of linoleic acid by heterogeneous catalysts was clearly
described by Bernas et al. (28).

Analysis of CLA Position. Investigation of acyl selection
during isomerization was done by partially hydrolyzing the TAG
structure of the isomerized oil using enzyme pancreatic lipase.
This enzyme has the ability to cleave the fatty acids at sn-1
and sn-3 positions. The four fractions of FFAs, MAG, DAG,
and TAG shown on the TLC plate were reported by Valle et
al. (22) to be FFAs and sn-2 MAG bands representing the
position of su-1, -3, and -2 of TAG, respectively. Individual
fractions were methylated by BFy/methanol and analyzed with
HPLC to estimate the total CLA content and for monitoring

the effect of Rh heterogencous catalyst on the conversion of
tinoleic acid to CLA at the various s#-TAG positions. The HPLC
chromatogram showed cach fraction of hydrolysate contained
high amounts of CLA. However, the intensity of the FFA
fraction was almost double that of the MAG fraction, which
indicates that fatty acids in both, sk-1 and -3 positions can be
isomerized to CLA. However, the results do not reveal the %
conversion differences between sn-1 and -3, but according to
Valle et al. (22), it conld be possible that linoleic acid at any
position in triacyl-sn-glycerol could be isomerized to CLA.
In conclusion, conjugation of unsaturated fatty acids in
vegetable o1l can be done by using rhodium heterogeneous
catalyst at high temperatures. Isomerization conditions set up
in this experiment definitely provided high CLA—TAG contents
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in soybean oil up to 202.42 mg/e, which contained 63.62% of
beneficial 9¢,11¢ and 10z,12¢ isomers. Only 15 g of isomerized
oil would have a CLA content that is high enough to match the
daily recommended (20) dose of 3 g/day.

Suppeorting information Available: Statistical analysis of the
GLM procedure. This material is available free of charge via
the Internet at http://pubs.acs.org.
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S4.15. Extraction and antioxidant efficacy of carnosine extracts from
broiler meats: Heat treatments, ultrafiltration and antioxidant
activities

Bussayarat Maikhunthod and Kanok-Orn Inﬁrapichet
School of Foed Technology, Suranaree University of Technology, Thailand

Carnosine (}-Alanyl-L-Histidine) is a natural antioxidant in skeletal muscle with a role
as an excellent metal chelator and free radical scavenger. Utilization of synthetic camosine
as a food additive 1s limited by economy. Therefore, many studies investigated the ex-
traction of carosine from natural sources, such as pork and beef which have high amounts
of iron compounds. Chicken meats with lower iron-containing compound were used as
a camnosine source in the experiment. The purposes of this study were to investigate the
extraction of carnosine from breast and thigh broiler meats, and to determine antioxidant
activities of the extracts. Carnosine was extracted by water and partially purified by
heat treatment at 60, 80 and 100°C, and separation of low molecular weight (MW) iron
compounds by ultrafiltration (UF), 5,000 MW cut off. Carnosine, protein and total iron
contents of all extracts were determined. The antioxidant activity of extract was mea-
sured by TBARS method and considered as carnosine concentration (mM) in system
that could reduce oxidation by 50% (EC50). With increasing extraction temperatures,
protein content decreased, whereas carnosine and total iron contents and antioxidant
activities increased. Carnosine contents of heated extracts were 33, 200.85-40,380.13
ppm for breast and 12,918.65-14,104.50 ppm for thigh. There were no difference be-
tween extraction at 800C and 1000C in carnosine, protein and total iron contents. How-
ever, 80°C- had lower iron content than 100°C-extract. Therefore, 80°C-extract was
further subjected through UF. The UF permeate (UFP) had 20% carnosine higher, but
40% protein and 16-30% total iron contents than that of 80oC-extract. Antioxidant ac-
tivities by of breast- and thigh- UFP by EC50 were 2.25 and 0.67 mM, respectively,
which were greater than pure carnosine (15.45 mM). UFP had lower activity ¢ven when
it contained higher carnosine and lower iron contents (p<0.05) than that of 80°C-extract
due to loss of synergistic compounds through UF process. In conclusion, carnosine-
containing extract could be produced from chicken meat. Heat treatment and UF were
effective to remove other proteins and iron compounds, respectively. Antioxidant ac-
tivities of chicken extracts were obviously greater than that of pure carnosine. There-
fore, chicken meat should be a good alternative source of carnosine for use in food
products.



56.6. Effect of extrusion conditions on conjugated linoleic acid of
corn extrudates

Patcharin Pakdeechanuan, Kanok-Orn Intarapichet and Sunanta Tongta
School of Food Technology, Institute of Agricultural Technology
Suranaree University of Technology, Thailand

Conjugated linoleic acid (CLA) is a potent anticarcinogen and has been shown to have
antiatherogenic and antidiabetic effects as well as to enhance immune function and
reduce body fat in animal models. Thermal and mechanical energies of extrusion could
modulate alteration of CLA in corn extrudates, which could be determined by GC and
HPLC analysis. The content and configuration of CLA were investigated at extrusion
temperature of 150-190{C and torques 50-70 %. Cornmeal mixed with 2% of sunflower
oil or 2% of CLA oil, which was synthesized by alkaline isomerization method were
used as starting feed. Results showed that the formation of CLA during extrusion
depended on product temperatures and torques. The extrusion at product temperature of
1500C affected an increase in CLA contents, from 1.17 mg/g of oil in feeds to 7.75 mg/
g of oil in corn extrudates. Further increasing of product temperature to 190eeC showed
_significant decrease (p<0.05) in total CLA contents due to the hydrogenation. Alteration
of CLA geometrical configuration was observed at higher extrusion temperature.
Trans,trans CLA significantly increased (p<0.05) from 10.19% in feed to 11.88% at the
extrusion condition of 1908 C and 70 % torque.The highest expansion of extrudate was
founded at the product temperature of 150QC and 70 % torque. At this extrusion condi-
tion also showed a maximum total CLA and a minimum trans,trans-CLA.
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P4.1. Influence of chicken genotypes, sexes and types of meat on
carnosine extracts and their antioxidant activities

Kanok-Orn Intarapichet and Bussayarat Maikhunthod
School of Food Technology, Suranaree University of Technology, Thailand

Carnosine (-alanylhistidine) is a functional compound found in skeletal muscle of
vertebrate animal, which plays a role in physiological functions, intracellular pH-buffer
and inhibiting oxidation. It was found to be an essential compound in chicken essences
that promoted the recovery from fatigue in mental arithmetic test. In general, carnosine
contents depend on breed, sex and age of animal. Therefore, the objectives of this study
were to investigate carnosine contents in 3 different chicken gcholypes, i.e. indigenous
Thai native, 4-lines and 5-lines cross breed chickens and compare between the sexes of
chickens, and elucidate antioxidant efficacy of carnosine-containing extracts obtained
from those meats. To produce carnosine-containing extracts, breast and thigh meats
were extracted by water, heated at 80{2C and subsequently passed through ultrafiltra-
tion, 5,000 molecular weight cut off. Fresh meats and the extracts were determined for
carnosine, protein and total iron contents. Antioxidant activities of extracts were evalu-
ated by TBARS method as considered in term of carnosine concentration (mM) used to
inhibit oxidation by 50% (EC, ). Carnosine contents in fresh meats and in the extracts
were different among genotypes (p<0.01) and between sexes (p<0.01) of chickens. Breast
contained 2-4 fold higher carnosine content than thigh meats. Higher carnosine contents
. were found in female than in male meats. Similar results of carnosine contents were
found in the extracts. Antioxidant activities of the extracts increased with increasing of
carnosine in oxidation system. Considering the activity by EC_, all extracts showed
remarkably greater activities (0.79-1.81 and 0.25-0.54 mM for breast and thigh extracts,
respectively) than that of pure carnosine (15.63 mM) in oxidation system. Although
higher in total iron contents, camnosine extracts from thigh meats showed greater anti-
oxidant activities. In conclusions, carnosine contzmts in fresh meat and their extracts
obtained were similar. Differences among genotypes and sexes of chickens were found.
The carmosine-containing extracts of chicken meats exhibited greater antioxidant ac-
tivities than pure carnosine, thus they should be considered as highly efficient natural
antioxidant for use in food products.
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P2.40. Phenolic contents and antioxidative properties of some grapes
-~ and wines of SUT farm

Jiravus Woraratphoka and Kanok-Orn Intarapichet
Schootl of Technology, Suranaree University of Technology, Thailand

The phenolic antioxidants in grapes and wines have been proposed as an explanation
for the lower death rate from coronary heart disease (CHD) in France referred as to The
French Paradox. Phenolic compounds play roles as antioxidant in both biological and
food systems. Grapes and wines are one of the rich sources of active polyphenols de-
pendmg on variety, geology, growing environment and processing. There is little knowl-
edge of phenolic contents and their antioxidative properties in grapes and wines pro-
duced in Thailand. The objectives of this study were to evaluate and compare phenolic
contents and antioxidant properties of grapes and wines of Suranaree University of
Technology (SUT) farm. Eight grape and six wine varieties were used to evaluate for
total phenolic contents by Folin-Ciocault method using gallic acid as standard. Free
radical scavenging efficacy of grape and wine extracts were determined, using the stable
1,1-diphenyl-2-picrythydrazyl (DPPH) radical and expressed as effective dose 50 (ED50).
Phenolic contents and EC50 of SUT grape juice with and without seed varied from 0.7-
3 mg/mL and 0.1-2.5 mL/100mL reaction assay and SUT wine varied from 0.3-2.4 mg/
mL and 0.1-4.5 mL/100 mL reaction assay, respectively. Exotic grape and wine made
form Mei Gui Qing variety had the highest total phenolic content and antioxidative
property. Antioxidant activities of wines were greater than those of grape juice of the
same variety. Red wines showed stronger antioxidant activities than white wines. For
further studies, changes and profiles of phenolic compounds in wines of same varieties
will be evaluated.



