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Abstract

Purple field corn (Zea mays L.) contains anthocyanins in the grain pericarp and corncob.
Several studies undertaken by RMUTL Thailand have shown that purple field corn
anthocyanins were not harmful on the productive performance, egg quality and carcass
quality in Japanese quail and laying hens. For bioactivity, preliminary evidence of crude
extracts of anthocyanins from purple field corncob inhibited growth of Aspergillus flavus and
Aspergillus niger. This experiment used four levels of purple field corn (20, 30, 40 and 60%)
as energy sources in broiler rations. These feeding trials were compared with yellow corn for
carcass quality. Nine hundred chicks were fed at one day of age. At 42 days of age, six
hundred of the birds were random selected and slaughtered to evaluate percentage of carcass,
visceral organs and abdominal fat (% of live body weight). The randomized complete block
design (RCBD) was tested with 5 treatments and 2 replicates (male and female birds) of 60
birds each. Within sex results were significant (P<0.05) in terms of average percentage of
drumstick, breast fillet, gizzard and were highly significant (P<0.01) in the shank. No
significant (P>0.05) effects on dressing percentage, liver, gizzard, spleen, bursa gland,
winglet (upper wing), wing drumette (lower wing), thigh, shank, breast and breast fillet were
detected, except for heart weight and abdominal fat. The percentage of heart weight was
highly significant (P<0.01) reducing with increased purple field corn level in diets. This
paper showed that purple field corn anthocyanins may be useful for heart health.

Keywords: animal feed, poultry, Zea mays, carcass quality, heart weight, Thailand




As. J. Food Ag-Ind. 2010, 3(03), 319-327 320

Introduction

Anthocyanins are purple flavonoid pigments that are synthesized in many vegetative plant
organs, including leaf, stem anthers, glumes of the cob tassel, coleoptiles and the aleurone
layer of maize [1]. In maize, anthocyanins are mutations in flavonoid biosynthetic genes on
kernel colour providing the first evidence of chromosome breakage by x-rays and
transposable elements which was reviewed by MacClintock [2]. The major anthocyanin
showing high activity was cyanidin 3-O-B-D-glucoside or C3G [3]. The other anthocyanins
are pelargonidin 3-O-B-D-glucoside, peonidin 3-O-B-D-glucoside, cyaniding 3-O-B-D-(6-
malonyl-glucoside), pelargonidin 3-O-B-D-(6-malonyl-glucoside) and peonidin 3-O-B-D-(6-
malonyl-glucoside). The cyanidin derivatives constitute around 70% in purple corn seed [4].
Anthocyanins in purple corn have been reported to have various biological activities, such as
antibacterial, antifungal activity, antioxidant, antimutagenic, the prevention of obesity,
diabetes, ameliorating hyperglycemia in mice [5], and have higher antioxidant properties than
blueberries [6]. Thus, purple corn can play a role in functional food and may be also useful as
a contributor to food safety. Purple corn has never been used commercially as an energy
source in animal diets in Thailand. Amnueysit, et. al. [7] used purple field corn as a new
component in feed of Japanese male quails (Coturnix japonica) and Japanese laying quails.
It did not exert any effect on performance, carcass, egg performance and egg quality of
Japanese laying quails. Except for yolk colour, the purple field corncob meal had less
pigmentation equal to broken rice [8]. The 20, 30, 40 and 60% supplements of purple field
corn and yellow corn were used in laying hen diets for 5 periods (28 days per period). The
result showed that the laying performance and egg quality were not significantly different [9].
The analysis of amylose starch (%) by absorbance at 610 nm in purple field corn from The
Purple Field Corn Breeding Program of Rajamangala University of Technology Lanna in
Phitsanuloke, Thailand and yellow corn grains were 21.50 and 21.74; amylopectin (%) were
78.50 and 78.26, respectively. Amino acid and fatty acid analysis were similar. It was noted
especially that lysine methionine tryptophan and tyrosine in purple field corn were higher
than yellow corn. Analysis of saturated and unsaturated fatty acids in grain of purple field
corn and yellow corn were similar [10]. The coefficient of digestibility, biological value
(BV), net protein utilization (NPU), AME of purified diet and AME of purple field corn
were not significantly different between borrow and gilt crossbred. However, these values
were similar to yellow corn [11]. Amnueysit et. al. reported the crude extract anthocyanins of
purple field corncob at concentrations of 20, 30 and 40% had significant efficacy (P<0.01) for
antifungal activity against A. flavus and A. niger [12].

Materials and Methods

Experimental animals and management

The purple field cornwas developed by Rajamangala University of Technology Lanna,
Thailand. The 900 birds, 1-day-old Cob chickens, were allotted to five dietary treatments, six
replicate pens (30 birds each). The OPV-PFC was used as the energy source in grower
broilers feed at 20, 30, 40 and 60% and compared to feeding with yellow corn. The diets were
formulated to exceed recommendations of the NRC [13]. All treatments were given as
isocaloric and isonitrogenous diets. Feed and water were supplied ad libitum during the 42
days of the study. After the live scan, twenty birds (ten male and ten female birds) per
replication were euthanized by cervical dislocation for carcass data. Six hundred of the birds
were randomly selected and slaughtered to evaluate the percentage of carcass, dressing
percentage, alimentary tract, liver, gizzard, spleen, heart, bursa gland, abdominal fat, winglet
(upper wing), wing drumette (lower wing), thigh, shank, breast, breast filet and abdominal fat
(% of live body weight).
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Statistical analysis

Two factors without replication, randomized completely block design (RCBD), tested with 5
treatments and 2 replicates (male and female bird) of 60 birds each. These tests were
performed to determine whether the interaction between treatments and sex of bird, and
within sex of bird, had any significance. The data were analyzed by ANOVA using
IRRISTAT for Windows version 5.0 [14]. The means were tested by Duncan’s new multiple
range test at 5% and 1% levels of significance.

Table 1. Composition and nutrient content of starter (d1 to 21) and grower (d22 to 42) basal
diets for broiler chicks.

Starter (0-3 weeks) Grower (3-6 weeks)
PFC (%) PFC (%)

Ingredients 20 30 40 60 20 30 40 60
Maize, % 56.8 40.0 30.0 20.0 - 614 40.0 30.0 20.0 -
Purple field corn, % - 20.0  30.0 40 553 0.0 20.0 30.0 400 60.0
Soy bean meal, % 364 366 365 365 36.6| 315 317 315 315 31.6
Limestone, % 0.3 0.5 0.7 0.8 0.9 0.0 0.6 0.2 0.3 0.4
DCP, (P18) % 3.1 2.8 2.6 2.4 2.2 3.0 2.6 2.5 2.3 2.0
Palm oil, % 2.8 3.4 3.6 3.9 4.3 3.6 4.0 4.3 4.5 5.0
Salt, % 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Premix, % 025 025 025 025 025] 025 025 025 025 025
Total, % 100 100 100 100 100 100 100 100 100 100
Nutrient content analysis
-ME, Kcal 3,080 3,08 3,08 3,08 3,08 | 3,17 3,17 3,17 3,17 3,17

0 0 0 0 0 0 0 0 0
-Protein, % 22.0 22.0 220 220 220 | 200 200 20.0 20.0 20.0
-Calcium, % 0.9 0.9 0.9 0.9 0.9 0.85 0.80 0.80 0.80 0.80
-Total phosphorus, % 0,7 0,7 0,7 0,7 0,7 0.65 0.65 0.65 0.65 0.65

Note: YC means = corn grain, PFC = purple field corn grain, DCP = dicalcium phosphase
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Figure 1. Purple field corn showing anthocyanins in the kernel from trials conducted at The
Purple Field Corn Breeding Program of RMUTL, Phitsanuloke.
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Results

The data on dressing percentage, alimentary tract, liver, gizzard, spleen, heart, bursa gland,
abdominal fat, winglet (upper wing), wing drumette (lower wing), thigh, shank, breast and
breast filet (% of live body weight) are presented in Table 2. The treatments produced results
showing highly significant (P<0.01) and significant (P<0.05) difference in average
percentage of heart weight and abdominal fat (Table 2). In summary, the results showed that,
up to certain levels, by increasing the ratio of purple field corn, with anthocyanins in the
grain, heart weight was decreased. Thirty and forty percent of purple field corn in diets
showed efficiency to reduce heart weight of broilers as 0.48+0.01, 0.44+0.03, respectively.
The results showed little difference between 20% and 60% purple field corn addition, with
heart weights as 0.52+0.02, 0.53+0.01%, respectively. The purple field corn with
anthocyanins in the grain was also significant in reducing abdominal fat in broilers. The
results showed high potential of purple field corn to decrease heart weight and the percentage
of abdominal fat in chickens, more so than yellow corn. The dressing percentage, alimentary
tract, liver, spleen, bursa gland, winglet (upper wing), wing drumette (lower wing), thigh,
drumstick, shank and breast of chicks fed with purple field corn and yellow corn diets were
not different (P> 0.05). The analysis of variance showed difference (P< 0.05) within sex of
bird (male and female broilers) in average percentage of drumstick, thigh, breast fillet,
gizzard and was highly significant (P<0.01) in shank (Table 3). The male broiler had average
percentage of drumstick, thigh and shank more than female broiler. All of the broilers fed
with purple field corn had dark purple or almost black feces.

Discussion

The difference (P< 0.05) within sex of broiler chicken in average percentage of gizzard,
drumstick, breast fillet and highly significant (P<0.01) in shank of chicken were similar to
Yates et al. [15]; Satterlee and Gildersleeve, [16]; Satterlee et. al. [17] and Ojedapo et. al.
[18], who reported that male broiler chicken showed significantly (P<0.05) higher values of
shank, drumstick, breast fillet and gizzard than female chicken. Romeo-Sanchez et. al. [19],
suggested that male broiler shank length was longer and thicker than the female because of it
could affect the intersexual cloacal distance during mating and struggling behaviour [17].

The highly significant difference in heart weight (P<0.01) in broilers fed with purple field
corn grain compared with yellow corn was in agreement with Al-Awwadi et. al. [20], whose
research reported that heart weight of rats fed with an aqueous solution of an anthocyanins
grape extract was significantly lower than a diet comprised of water only and a solution
containing a vitaflavan polyphenolic grape seed extract group. Shino et. al [21] indicated the
effects of continuous administration of anthocyanins from purple corn, purple sweet potato
and red radish in hypertensive rat diet for 15 weeks, the heart rate of rat administered each
treatment decreased as compared to the control group from the early stage of administration.
Many research results suggest that plant derived colours such as blueberries, cherries,
raspberries, strawberries, black currants, purple grapes, chokeberry, bilberry, elderberry, red
cabbage and red wine containing anthocyanins have anti-hypertensive effects on hypertensive
animals [22]. Toufektsian et. al. [23] used maize kernels to prepare rodent food in which
anthocyanins were either present or absent. Male Wistar rats were fed the anthocyanin-rich or
the anthocyanin-free diet for 8 weeks. Anthocyanins were significantly absorbed and detected
in the blood and urine of only rats fed the anthocyanin-rich diet. The hearts of rats fed the
anthocyanin-rich diet were more resistant to regional ischemia and reperfusion insult.
Moreover, on an in vivo model of coronary occlusion and reperfusion, infarct size was
reduced in rats that ate the anthocyanin-rich diet than rats which consumed anthocyanin-free
diet (P<0.01). However, Toufektsian et. al., suggested the cardioprotection was associated
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with increased myocardial glutathione levels, so the dietary anthocyanins might modulate
cardiac antioxidant defences [23]. The efficacy of purple field corn grain containing
anthocyanins for heart health as found in this research concurs with the work on anthocyanins
in other plants such as enhanced extracts prepared from chokeberry, bilberry, elderberry
having efficacy to produce endothelium-dependent relaxation in porcine coronary arteries.
Anthocyanin extracts from Hibiscus sabdariffa Linn. showed antioxidant properties for liver
defence in rabbits which were treated with 2,4-dinitrophenylhydrazine (2,4-DNPH). The side
effects of 2,4-DNPH include tissue lipid peroxidation and depletion of antioxidant defences.
Hibiscus anthocyanin extract decreased red blood cell counts, but increased white blood cell
counts, while on the other hand, anthocyanin extracts from dried calyces of H. sabdariffa
protected the blood against 2,4-DNPH lipoperoxidative and hemolytic effects in rabbit liver
[24].

Table 2. Effect of purple field corn in broiler chicken diets on heart weight, abdominal fat
and carcass quality.

OPV of Purple Field Corn

20% 30% 40% 60%
Initiation ,birds/group 120 120 120 120 120
Male chicks, birds/group 60 60 60 60 60
Female chicks, birds/group 60 60 60 60 60
Heart weight**, % 0.55+0.01*  0.5240.02°  0.48+0.01° 0.44+0.03%  0.53+0.01b°
Fat abdominal”, % 1.4740.03*  1.3340.10™ 1.36+0.08°" 1.26+0.05% 1.2340.07¢
Dressing percentage™, % 78.46+0.08 78.28+0.66  78.29+0.32  78.54+0.47 77.34+0.10
Alimentary tract™ , % 12.5240.02  12.85+0.10 12.47+0.47 12.85+0.19  12.90+0.18
Liver weight™ % 1.96+0.01 2.1140.17  1.90+0.09  1.94+0.04 1.93+0.07
Spleen weight™, % 0.11+0.01 0.12+0.01  0.11+0.01  0.13+0.01 0.13+0.01
Gizzard weight™, % 3.66+0.15 3.6740.09  3.50+0.19  3.67+0.02 3.67+0.04
Bursa gland™, % 0.13+0.02 0.13+0.01  0.11+0.03  0.10+0.02 0.11+0.01
Wing™, % 8.35+0.11 8.23+0.13  7.91+0.22  7.90+0.05 7.97+0.25
Winglet™, % 4.27+0.01 432+0.07  4.03+0.08  4.16+0.01 4.03+0.16
Wing drumette™ , % 3.99+0.07 3.9940.07  3.7240.09  3.77+0.01 3.97+0.08
Thigh™ , % 10.92+0.31  11.33+0.21 11.18+0.42 11.41+0.09  11.04+0.04
Drumstick™, % 10.4240.17  10.46+0.12 10.08+0.38 10.46+0.01  10.32+0.19
Shank™, % 3.88+0.22 3.93+0.24  3.58+0.15  3.71+0.09 3.7340.16
Breast™, % 16.49+0.38  16.98+0.11 17.06+0.43 16.76+0.05  16.55+1.24
Breast filet™, % 3.3240.07 3.44+0.01  3.34+0.11  3.38+0.07 3.42+40.12

Means+ SD (n=6),

™no significant difference (P>0.05),” significant difference (P<0.05),” highly significant difference (P<0.01)
winglet = upper wing, wing drumette =lower wing.

The average percentage of heart weight in broilers fed with 20, 30, 40 and 60% of purple
field corn was lower than the yellow corn groups as 0.52+0.02, 0.48+0.01, 0.44+0.03,
0.53+0.01 and 0.55+0.01%body weight, respectively. These values showed the efficacy of
anthocyanins in purple field corn grain for heart health because of 60% of purple field corn
diet in starter feed and grower feed containing palm oil, 4.3% and 5.0% (Table 1), was higher
than 20% purple field corn, 3.4% and 4.0%, and yellow group, 2.8% and 3.6%, respectively.
Thus, purple field corn with anthocyanins in grain may have potential to improve heart health
because the consumption of dietary fat generally contributes to the elevation of lipids in the
blood, which is a major risk factor for atherosclerosis and heart disease [25]. Tsuda et. al.,
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indicated that anthocyanins from purple corn would not have any activity after ingestion in
biological systems because they are unstable under neutral conditions [5]. However,
Cyanidin-3-Glucoside or C3G in anthocyanin colour of purple corn has antioxidant activity
and suppression of body fat accumulation was not due to inhibition of dietary fat digestion
and reduction of energy intake. The effects these pigments cause in the body include
prevention of the generation of free radicals, decreased lipid peroxidation, reduced
pancreatic swelling and decreased blood sugar concentrations in urine and blood serum [26].
Tooru and Takatoshi suggested that purple corn colour at a dose of 7.4 mg/kg anthocyanins in
spontaneous hypertensive rats twice a day for 5 weeks significantly inhibited the increase in
systolic blood pressure [27].

The main anthocyanin of purple corn is cyanidin-3-glucoside [28]. In vitro, antiradical
capacity of purple corn extract against the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical was
greater than blueberries (Vaccinium corymbosum L., Ericaceae), which have shown higher
antioxidant values than many other commercial food plants [6]. The decrease in abdominal
fat in purple field corn groups was similar to Tsuda et al. [S] who indicated that anthocyanins
from purple corn prevented obesity in C57BL/6J mice fed a high-fat diet compared to a high-
fat diet with no anthocyanins. Mice fed a high-fat diet containing anthocyanins had decreased
serum levels of glucose and insulin. Prior et. al., reported that purified anthocyanins from
blueberries or strawberries reduced obesity [29]. Mi-Ran et. al. [30] found that cyanidin and
C3G have the potential to suppress the inflammatory responses of adipose cells and the
migration of RAW 264.7 macrophages induced by mesenteric adipose tissue-conditioned
medium, so, activation of the cells to produce inflammatory chemokines such as monocyte
chemoattractant protein-1 (MCP-1) and macrophage inflammatory protein-related protein-2
(MRP-2) were inhibited. Mi-Ran et. al. went further to suggest that cyanidin and C3G may
suppress the inflammatory responses of adipose tissue in obesity [30].

The feces of broilers fed with purple field corn having dark purple colour was similar to the
findings of Nabae et. al. who reported that F344 rats fed with purple corn for 90 days had
black feces [31].

Table 3. Influence of within sex of broiler chicken fed with purple field corn on gizzard, breast
fillet, thigh drumstick , shank and carcass quality.

Items Female Statistics % CV
(%body weight) Broiler chicken
Dressing percentage, % 78.26+0.58 78.113+0.56 Ns
Heart weight, % 0.51+0.01 0.49+0.01 Ns
Bursa gland, % 0.13+0.02 0.11+0.01 Ns
Abdominal fat, % 1.3340.12 1.334+0.09 Ns
Alimentary tract , % 12.69+0.37 12.75+0.15 Ns
Liver weight,% 1.99+0.14 1.94+0.06 Ns
Spleen weight, % 0.12+0.01 0.1240.01 Ns
Wing, % 8.13+0.27 8.13+0.20 Ns
Winglet, % 4.14+0.19 4.19+0.08 Ns
Wing drumette , % 3.87+0.16 3.874+0.09 Ns
Breast, % 16.47+0.53 17.07+0.53 Ns
Breast fillet, % 3.33+0.07 3.434+0.05 *
Gizzard weight, % 3.56+0.12 3.69+0.05 *
Thigh, % 11.32+0.27 11.04+0.25 *
Drumstick, % 10.47+0.08 10.22+0.25 *

Shank, % 3.89+40.18 3.6540.11 o
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Conclusions

Purple field corn in broiler chicken diets had no affect on carcass quality. Sex of bird had
influence on shank, gizzard, breast fillet and drumstick of broilers. The increase of purple
field corn in experimental diets was highly significant (P<0.01) in decreasing heart weight of
broilers. This experiment and previous data of RMUTL researchers confirmed that purple
field corn grain with anthocyanins applied as a new feed component in poultry and swine
diets in a role similar to that of yellow corn has the potential to benefit heart health.
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