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SUMMARY

The study is aimed to investigate the effect of aqueous solutions of citric (CA)
and ascorbic (AA) acids on the lipid stability of horse mackerel (Trachurus trachurus)
fillets and whole fish during frozen storage (up to 6 and 9 months, respectively) by
means of a soaking pretreatment. Best oxidation inhibition results on fish fillets were
obtained when employing a 0.50% CA solution; lower (p<0.05) peroxide (month 3),
thiobarbituric acid reactive substances (months 1 and 3) and fluorescent compounds
formation (month 6) values were obtained than those of the untreated (Blank Control)
and water treated (Water Control) fish fillets. In the case of whole fish, soaking
pretreatment with a mixture consisting of 0.50% CA and 0.50% AA showed the best
results at inhibiting oxidation, as lower (p<0.05) peroxide formation was observed at 6
and 9 months of frozen storage compared to the untreated or water soaked counterparts.
Advantages of both acids (CA and AA) are discussed and further studies based on the
positive role of a CA-AA mixture will be carried out to extend the shelf life time of

medium- and high-fat content fish species during frozen storage.

INTRODUCTION

Most fish and other marine species give rise to products of great economic
importance in many countries. Freezing and frozen storage have been largely employed
to retain fish sensory and nutritional properties before it is consumed or used in other
technological processes [1,2]. However, during frozen storage, enzymatic and

nonenzymatic rancidity is known to strongly influence the shelf life of marine products



[3,4]. This is due to the highly unsaturated lipid composition [5] and the presence of
prooxidant molecules in the muscle of marine species [6,7].

To extend the lag phase of lipid oxidation as a long as possible and thereby,
increase the shelf life, a great deal of attention is being directed toward to the
employment of antioxidants [8,9]. Recent efforts are focused on the replacement of
synthetic antioxidants by natural ones, which may provide nutritional and therapeutic
effects [10]. Naturally occurring antioxidants have been successfully employed with
marine oils [11], minced fish [12] and canned fish [13]. Soaking pretreatment of fish
fillets has also led to lipid oxidation inhibition [14-17].

Citric acid (CA) and its salts are widely known for their role as chelators and
acidulants in biological systems. CA has been proven to inhibit microbial growth [18],
to improve physical and sensory properties in frozen fish products [19] and to favour
gelatine production [20]. As it relates to the inhibition of lipid oxidation, CA has been
shown to play a synergist role with primary antioxidants and oxygen scavengers during
vegetable oil storage [21] and minced fish processing [22]. In the same way, ascorbic
acid (AA) and its salts have been reported to act as synergists of primary antioxidants in
fish oil [12], minced fish [23] and fish fillets [24] because of their oxygen scavenger
and reducing roles.

The present work concerns horse mackerel (Trachurus trachurus) trading as a
frozen product. Horse mackerel is a medium-fat containing fish abundant in the
Northeast Atlantic [25] that has recently captivated a great deal of commercial interest
[26,27]. The study was aimed to investigate the effect of citric and ascorbic acids on the
lipid stability of horse mackerel fillets and whole fish during frozen storage by means of
a soaking pretreatment. Employment of different CA levels were investigated as was the

presence and absence of AA in the soak solution.



MATERIALS AND METHODS

Raw fish, sampling and processing

Filleted fish experiment: Fresh horse mackerel (Trachurus trachurus) were

captured in April 2001 and kept on ice (6 hours) till delivery to the laboratory. Then, the
fish were carefully gutted, dressed and filleted by hand, divided into five groups and
kept on ice. Each group included 18 fishes. Individuals of the first group were left
untreated (Blank Control), directly packaged in polyethylene bags and immediately
frozen at —80°C. The remaining four groups were immersed in the following four
aqueous solutions: Distilled water (Water Control), 0.05 % CA, 0.15 % CA and 0.50 %
CA. The fillets were removed after 5 min, packaged in polyethylene bags and frozen at
—80°C. After 24 hr at —80°C, all fish fillets were moved to a —20°C freezer. Sampling
was undertaken after 1, 3 and 6 months of frozen storage at —20°C and on the starting
material (Raw values). For each treatment, three different fish batches were considered
and studied separately to achieve the statistical study. One analytical determination was
carried out on each sampling from each batch, that included fillets from two fishes.

Whole fish experiment: Fresh horse mackerel were captured in February 2002

and kept on ice (6 hours) till delivery to the laboratory. Then, the fish were divided into
six groups and kept on ice. Each group included 24 fishes. Individuals of the first group
were left untreated (Blank Control), directly packaged in polyethylene bags and
immediately frozen at —-80°C. The five remaining groups were immersed in the
following five aqueous solutions: Distilled water (Water Control), 0.50 % AA, 0.50 %
CA, 0.50 % AA + 0.50 % CA (0.50 % AA-CA) and 0.25 % AA + 0.25 % CA (0.25 %
AA-CA). The fish were removed after 15 min of soaking, packaged in polyethylene

bags and frozen at —80°C. After 24 hr at —80°C, all fish samples were moved to a —20°C



freezer. Sampling was undertaken after 1, 3, 6 and 9 months of frozen storage at —20°C
and on the starting material (Raw values). For each treatment, three different fish
batches were considered and studied separately to achieve the statistical study. One
analytical determination was carried out on each sampling from each batch, that

included fillets from two fishes.

Chemicals and general analyses

Chemicals employed in the present work (i.e., solvents, general and specific
reagents) were reagent grade (E. Merck; Darmstadt, Germany) unless otherwise
specified.

The moisture content was determined by weight difference between the
homogenized fish muscle (1-2 g) and after 24 hr at 105°C. Results are expressed as g
water/100 g muscle. Lipids were extracted by the Bligh and Dyer [28] method.
Quantification results are expressed as g total lipids/100 g wet muscle. A 10 g portion of
fish muscle was homogenized in 50 ml of distilled water and its pH was measured at

room temperature.

Lipid damage measurements

As frozen fish quality has shown a great dependence on lipid hydrolysis and
oxidation, the following lipid damage measurements were chosen as representative of
lipid hydrolysis (free fatty acids), primary (peroxide value), secondary (thiobarbituric
acid index) and tertiary (fluorescent compounds) lipid oxidation.

Free fatty acids (FFA) content was determined in the lipid extract by the Lowry
& Tinsley [29] method based on complex formation with cupric acetate-pyridine.

Results are expressed as g FFA/100 g lipids.



The peroxide value (PV) was expressed as meq active oxygen/kg lipid and was
determined in the lipid extract by the ferric thiocyanate method [30].

The thiobarbituric acid index (TBA-i) was determined in trichloracetic acid
extract from the fish muscle according to Vyncke [31]. Results are expressed as mg
malondialdehyde equivalents/kg fish sample.

Fluorescence formation (Perkin-Elmer LS 3B) at 327/415 nm and 393/463 nm
was studied as described elsewhere [32]. The relative fluorescence (RF) was calculated
as follows: RF = F/Fg, where F is the fluorescence measured at each excitation/emission
pair, and F is the fluorescence intensity of a quinine sulphate solution (1 pg/ml in 0.05
M H,SO,) at the corresponding wavelength. The fluorescence ratio (FR) was obtained
from the lipid extract [28] analysis, according to the following calculation: FR =

RF393/4630m / RF327/4150m.

Statistical analyses
Data from the different lipid damage measurements were subjected to a one-way
ANOVA (p<0.05) [33]. Comparison of means was performed using a least-squares

difference (LSD) method.

RESULTS AND DISCUSSION

Filleted fish experiment
The moisture content in white muscle of fish fillets ranged between 76% and
80% while the lipid content varied between 0.70% and 1.85%, on a wet basis. These

ranges are due to variation in individual fish, and are not arising from antioxidant



treatment or frozen storage time. Comparison of these ranges with those of previous
research showed a higher moisture content for horse mackerel than for fattier fish
species [34] and a lower moisture content than for leaner fish species [35], in
accordance with an inverse ratio between moisture and lipid matter [36].

pH values ranged between 6.3 and 6.9 in all samples; no statistical differences
were obtained arising from the presence of antioxidant or the storage time.

Lipid damage indices measured in the filleted fish experiment are presented in
Tables 1-4. As a result of frozen storage, a gradual increase in FFA formation was
observed for all samples (Table 1), thereby indicating that hydrolytic activity of lipid
constituents was occurring over time. Comparison among the different treatments did
not show significant differences at months 1 and 3. At month 6 however, the 0.05% CA
treated samples showed a significantly lower FFA level than the other treatments,
except for the Blank Control.

Examining the extent of lipid hydrolysis was deemed important to the study
because FFA formation has previously proved a great incidence on lipid oxidation
[37,38] and a high degree of lipid hydrolysis has already been observed in horse
mackerel during frozen storage [26,39].

Peroxide values remained low at month 1 for all samples (Table 2), but
increased at month 3 for both Controls; at the same time, mean values obtained for CA-
treated samples showed an increasing trend. Compared to month 3, a marked increase
was observed for all samples at month 6. Comparison among the different treatments
showed a significantly higher peroxides formation at months 3 and 6 for the Blank
Control than for remaining samples. Compared to the Water Control, the 0.05% and
0.50% CA treatments retarded peroxide development at month 3. No significant

differences were obtained among the three different CA concentrations tested.



Secondary lipid oxidation products, as reported by the TBA-i showed a gradual
increase for all samples during the course of the study (Table 3). Comparison of the
different treatments revealed that the 0.50% CA treatment was effective at months 1 and
3, as lower TBA-i values were obtained compared to both Controls; at month 3, 0.05%
and 0.15% CA treatments also showed to be effective. At all sampling times, the Blank
Control showed higher values than the remaining samples.

Interaction compounds produced between oxidized lipids and nucleophilic
compounds present in the fish tissue (free amino acids, peptides, proteins, aminated
phospholipids) were followed by fluorescence detection (Table 4). Till month 3, a
significant increase was only observed in the Blank Control. Then, at the end of the
experiment, a general increase was noted in all cases and according to primary and
secondary lipid oxidation formation (Tables 1 and 2). Comparison among the different
treatments did not show significant differences at months 1 and 3. At month 6 however,
the 0.15% and 0.50% CA treated samples showed a lower extent of fluorescence
formation compared to both the Blank and Water Controls. No significant differences
were obtained among the three CA concentrations tested.

Compared to both Controls, the 0.50% CA treatment retarded oxidative
development at months 1 and 3 according to TBA-i data, at month 3 according to PV
and at month 6 according to the FR value. The positive role of CA can be explained by
chelation of heavy metal ions, so that the catalytic effect of these ions on peroxide
decomposition during frozen storage would be diminished [40,41]. The present results
offer a possibility of extending the shelf life period during frozen storage of fillets from
horse mackerel (one month without treatment) [17], so that trading of this underutilized

fish species could be expanded.



Water treatment of fillets (Water Control) also showed some inhibition of
oxidation, according to peroxide (months 3 and 6) and TBA-i (months 1 and 3) values.
This inhibitory effect has been explained in previous studies [42,43] as a result of blood
removal from fish. In other words, the content of prooxidant molecules (i.e.,
hemoproteins and metal ions) in the fillet decreases. However, as water soluble
endogenous antioxidants in fish fillet (e.g., ascorbate, glutathione peroxidase) might
also be lost during the washing treatment [42,44], soaking the fillets with an antioxidant

solution has been recommended [43].

Whole fish experiment

The mean values obtained for moisture, lipid and pH determinations were in the
same ranges as those in the filleted fish experiment. Concerning these three parameters,
no differences were observed related to the antioxidant treatment or the frozen storage
time.

Lipid damage indices measured in the whole fish experiment are presented in
Tables 5-8. As a result of the frozen storage, a gradual increase in the FFA formation
was observed in all fish samples thereby indicating that hydrolytic activity of lipid
constituents was occurring over time (Table 5). Comparison among the different
treatments showed few significant differences. At month 1, a higher hydrolytic
development was observed for both acid mixtures than for either Control sample. By the
end of the experiment, a lower lipid hydrolysis development was observed in the 0.50%
AA-CA treated samples compared to that of the Water Control.

As in the case of fillets, a direct relationship between FFA formation and any of
the treatments employed could not be observed. No significant differences were found

by comparing the hydrolytic activity of Blank Controls corresponding to fillets and



whole fish. Lipase and phospholipase activities were not influenced by the presentation
(whole fish or fillet) of the product nor by the addition of an antioxidant. Previous
studies have shown that hydrolysis was partially inhibited by addition of salts such as
NaOCI and NaF [45] and NaCl [39].

The PVs increased slowly till month 6 in all samples (Table 6). However, at
month 9 a marked increase was observed for all treatments. Comparison among
treatment means showed at month 6 a lower level for fish samples treated with any of
the AA-CA mixtures than in the case of the Blank and Water Controls. By the end of
the experiment, a lower level was observed for the 0.50% AA-CA treated samples
compared to both Controls. Both antioxidants (AA and CA) when employed
individually did not provide an inhibitory effect on the peroxides formation during the
course of the study, nor did the water treatment.

During frozen storage, a slow increase in TBA-i values was observed for each
treatment (Table 7). Comparison among treatments showed only significant differences
at month 6, when comparing 0.50% AA, 0.50% CA and 0.50% AA-CA treated samples
with the Blank Control. However, comparison with the Water Control did not lead to
significant differences for any of the antioxidant treatments.

The formation of fluorescent compounds during frozen storage (Table 8) showed
a slight increase for all samples at month 6, followed by a sharp increase by month 9.
Comparison among the different treatments only led to significant differences at month
1 between both AA-CA mixture treatments and the Blank Control.

Comparison of results from the whole fish and fillet experiments indicated a
greater extent of peroxide and TBA reactive substances formation in fillets than in

whole fish. This is likely due to a greater access of oxygen to fish tissue [42,46] and

10



more contact between white muscle tissue and blood contaminants as a result of filleting
[7].

Treatment of whole fish with either water, CA or AA did not retard oxidation
compared to that of the Blank Control. However, employment of the CA-AA treatment
(0.50%) did offer some protection (months 6 and 9; Table 6) as evident by lower
peroxide values. In the case of treated whole fish, direct contact of antioxidant
molecules with white muscle tissue and prooxidant molecules present within is more
difficult than in the case of a filleted fish product. Present literature accounts for a wide
variety of studies concerning minced and filleted fish [12,14-17], but, efforts have been
scarce related to whole fish treatment, and those that have, have mostly focused on
maintaining the colour stability of rockfish species, such as Sebastolobus alascanus

[47], Sebastes ruberriumus and Sebastes alatus [48].

OVERALL CONCLUSION

According to the present results, the use of CA and AA has turned the fish
muscle to be less prone to oxidation than their untreated counterparts. Both acids offer
many advantages for being employed as antioxidant molecules during fish processing
such as easy availability, high water solubility, low commercial value and a high level
allocated for their use, according to European and American administrations [15,49,50].
As a result of a greater accessibility to fish muscle, inhibition of lipid oxidation showed
to be easier to be carried out in the case of fillets than whole fish. Accordingly, further

studies on the positive role of a CA-AA mixture on oxidation inhibition will be carried
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out to enlarge the shelf life time of whole horse mackerel and fattier fish species during

frozen storage, leading to a benefit to both processor and consumer.
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TABLE 1

Free fatty acid (FFA; g FFA/100 g lipids) determination* during frozen storage of horse
mackerel fillets that were pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6
Blank Control "("0003;()) X(%-.%)a y(‘é-i )a ’ z.l(?z)ab
Water Control V(VOOO%()) W(%'.i)a X(51-.%)a Y (%02 )b
005%CA | (53) ey o8 ey
01CA | (o) o) Py on
0.50% CA V(vo(,)ds;()) W(é',i)a " a-.53 )a y (261 )b

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-z) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-b) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments: Untreated fillets (Blank Control), water treated fillets (Water Control)
and citric acid (CA) treated fillets (0.05 % CA, 0.15 % CA and 0.50 % CA).
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TABLE 2

Peroxide value (PV; meq active oxygen/kg lipid) determination* during frozen storage
of horse mackerel fillets that were pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6
Blank Control "(VO.15.§ W(S',ﬂ) a " %3?59) c y ‘(‘é’j% b
Water Control V(Volléi)” W((Z)'_g) a " (81.?3 )b y %398) a
0.05% CA V(Valéc)a W(%-.g) a W(?i..g) a X %86 g) a
0.15% CA V(Volléi)g W(ﬂ)a " ?d?g)ab x ?;1 i) a
0.50% CA V(Valéc)a W(%) ',?:3,) a W(g.;) a x :(si.g) a

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-y) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-c) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 1.
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TABLE 3

Thiobarbituric acid index (TBA-i; mg malondialdehyde equivalents/kg fish muscle)

determination* during frozen storage of horse mackerel fillets that were pretreated

under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6
Blank Control V(vooo‘g (%% c (%%}3 ° x (%91% )b
Water Control V(Vooo(i; " (00..1(1)28)b ’ (00-%75)b Y (()07262 )ab
omen | S| Came | Came | s
DA A V(VOOO(S Wx(g.'gz) ’ Wx(g.'c?;) : y (%'.Szi)a
osmen | 8| Camy | ame | gl

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-z) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-c) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 1.
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TABLE 4

Fluorescence ratio (FR) determination* during frozen storage of horse mackerel fillets
that were pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6
Blank Control V(vooog W((())l_%i)a X (%4;55 )a y (%)%?1 )c
Water Control Vg&)g W(g-l%‘é)a W((())."o(’);)a " %6§§3)bc
omeer | 5| CEY |8 W
0.15% CA V(Vo(l)(-)g W((())..%g)a W(%,ﬁé)a (%71% )a
0.50% CA Vg()%g W(g-%a)a W(g..(z)g)a x (%.g% )a

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-y) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-c) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 1.
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TABLE 5

Free fatty acid (FFA; g FFA/100 g lipids) determination* during frozen storage of
whole horse mackerel that was pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6 9
Blank "'0.28 11 a 39 a 56 a 8.0 ab
Control (0.04) (0.5) (2.4) (2.9) (1.4)
Water "'0.28 “13 a *3.8 a Y102 b 2118 b
Control (0.04) (0.4) (0.8) (0.9) (1.1)
"'0.28 “'1.6 ab *39 a ¥8.2 ab Y97 ab
0,
0.50% AA 1 5 04 (0.6) (1.356) (1.9) (2.0)
"'0.28 “1.9 ab W32 a *6.9 ab *8.6 ab
0,
0-50%CA | (0.04) (0.5) (1.4) 2.3) 2.7)
0.50% “0.28 “29 b w28 a *6.9 ab 7.7 a
AA-CA (0.04) (1.6) (0.5) (2.1) (3.0)
0.25% "0.28 *3.0 b *3.0 a Y59 a 2906 ab
AA-CA (0.04) (0.8) (0.7) (0.8) (2.8)

* Mean values of three independent determinations. For each row, means preceded
by different superscripts (w-z) are significantly (p<0.05) different. For each
frozen storage time, means followed by different letters (a-b) are
significantly (p<0.05) different. Standard deviations are indicated in
parentheses.

** Treatments: Untreated fish (Blank Control), water treated fish (Water Control),
0.50% ascorbic acid (AA) treated fish (0.50 % AA), 0.50% citric acid (CA)
treated fish (0.50% CA), 0.50% AA + 0.50% CA treated fish (0.50 % AA-
CA), 0.25% AA + 0.25% CA treated fish (0.25% AA-CA).
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TABLE 6

Peroxide value (PV; meq active oxygen/kg lipid) determination* during frozen storage
of whole horse mackerel that was pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6 9
Blank w221 "X'38 a W37a *6.9 b Y129 b
Control (0.589) (1.6) (0.9) (2.1) (1.7)
Water w221 4.2 a "“'34 a Y6.6 b 2122 b
Control (0.589) (0.4) (1.9) (2.2) (0.3)
w221 W41 a "'3.9 ab "'4.8 ab X120 b
0,
0.50% AA 1 0 580) (1.6) (1.3) (0.8) (3.1)
w221 25 a *58 Db 5.6 ab Y126 b
0,
0.50% CA | (0.589) (1.6) (0.8) (1.6) (4.0)
0.50% w221 38 a 3.7 a 29 a 6.5 a
AA-CA (0.589) (0.3) (0.9) (0.5) (1.4)
0.25% w221 29 a W28 a X33 a Y95 ab
AA-CA (0.589) (1.4) (0.2) (0.9) (1.9)

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-z) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-b) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 5.
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TABLE 7

Thiobarbituric acid index (TBA-i; mg malondialdehyde equivalents/kg fish muscle)
determination* during frozen storage of whole horse mackerel that was pretreated under
different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6 9
Blank "'0.09 *X0.23 a ¥ 0.37 a Y047 b Y049 a
Control (0.02) (0.12) (0.16) (0.06) (0.12)
Water “'0.09 *0.24 a 032 a ¥0.38 ab Y0.40 a
Control (0.02) (0.03) (0.09) (0.09) (0.09)
"'0.09 *0.29 a 0.34 a Y032 a 2049 a
0,
0.50% AA 1 5 02) (0.07) (0.09) (0.03) (0.13)
"'0.09 *0.30 a *0.26 a *¥0.33 a Y045 a
0,
0.50%CA | (0.02) (0.04) (0.03) (0.03) (0.07)
0.50% "'0.09 *X0.24 a *X0.22 a *¥0.33 a *¥0.37 a
AA-CA (0.02) (0.08) (0.03) (0.13) (0.08)
0.25% "'0.09 *X0.24 a Y041 a *¥'0.37 ab Y041 a
AA-CA (0.02) (0.10) (0.12) (0.03) (0.01)

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-z) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-b) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 5.
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TABLE 8

Fluorescence ratio (FR) determination* during frozen storage of whole horse mackerel
that was pretreated under different conditions**

Treatment Raw Value Frozen Storage Time (months)
1 3 6 9
Blank “0.11 047 b Y034 a *0.85 a Y166 a
Control (0.03) (0.22) (0.10) (0.37) (0.19)
Water v0.11 "X0.31 ab "*0.36 a *0.60 a Y170 a
Control (0.03) (0.03) (0.29) (0.25) (0.12)
“0.11 "X'0.41 ab "X'0.43 a *0.62 a Y149 a
0,
0.50% AA | (5 03) (0.17) (0.05) (0.14) (0.32)
"0.11 "X'0.43 ab “'0.26 a *0.77 a Y176 a
0,
0.50%CA 1 (0.03) (0.22) (0.06) (0.30) (0.37)
0.50% v0.11 “0.21 a "'0.38 a *0.79 a Y124 a
AA-CA (0.03) (0.04) (0.04) (0.17) (0.48)
0.25% v0.11 “0.21 a "0.35 a *0.63 a Y145 a
AA-CA (0.03) (0.07) (0.19) (0.11) (0.32)

* Mean values of three independent determinations. For each row, means preceded by
different superscripts (w-y) are significantly (p<0.05) different. For each frozen
storage time, means followed by different letters (a-b) are significantly (p<0.05)
different. Standard deviations are indicated in parentheses.

** Treatments names as expressed in Table 5.
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