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Abstract

Dietary antioxidants used in livestock systems are considered the key to
improving animal production. In a search for unconventional dietary supplements
for improving animal health and production, the current study assumed to inves-
tigate the effect of two concentrations (10 or 20 g/kg diet) of green tomato pow-
der (GTP) in the diet of New Zealand white growing rabbits on physiological,
hematological, biochemical and antioxidant parameters. A total of 24 unsexed
New Zealand white growing rabbits (45 days old) were randomly divided into
three experimental groups (8 rabbits each). The first group considered as a con-
trol group (no additives). The second and the third group were received GTP in
the diet by 10 or 20 g/kg diet, respectively during 8 weeks. GTP (10 or 20 g/kg
diet) administration exhibited a substantial positive effect on growing rabbits, in-
cluding strengthening RBCs, Hb%, PCV%, and serum protein concentration, re-
duce serum lipids, enlarge activity of antioxidant enzymes and decrease
malondialdehyde (MDA) level as a reliable marker of lipid peroxidation. These
findings suggest that GTP has a potential effect of improving the health
and production of New Zealand white growing rabbits.
Keywords: Antioxidant, biochemical, hematological, green tomato, rabbits.

Introduction
Tomato is one of the most es-
sential consumed vegetable food

and xanthophylls which are accom-
panied by a loss of green color (De
Sousa et al., 2014). It is well known

crops worldwide due to its content of
biologically active compounds such
as lycopene, phenolics, vitamin C,
carotenoids, flavonoids, tocopherols,
and others (Willcox et al., 2003; Shi
et al., 2008 and Burda, 2014). These
compounds have been known as pro-
tective compounds against diabetes,
cancer and cardiovascular diseases
(Burda, 2014). The green color of
immature tomato fruits is due to the
presence of chlorophyll a and b pig-
ments which are degraded enzymati-
cally during ripening and synthesis of
yellow pigments such as B-carotene

that tomato fruits harvested at the
green stage generally are not rich in
vitamin E, ascorbic acid and lycopene
as those collected at the red stage
(Yahia et al., 2001 and Raffo et al.,
2002), but are rich in green pigment
chlorophyll, glycoalkaloids o-
tomatine and dehydrotomatine which
play an essential functional role in
animal and human diets (Friedman et
al., 2000 and Barrette, 2001). A diet
rich in green tomato can reduces
plasma cholesterol by the formation
of tomatine cholesterol complex
(Friedman et al., 2000) and protects
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against arteriosclerosis and cancer
(Kozukue and Friedman, 2003).

Furthermore, tomatine-
containing green tomato extract is
known to strengthen the immune re-
sponse of the human body against the
infectious agents (Arena ef al., 2018),
and has the potential to inhibit human
cancer cells (Friedman et al., 2009).
Moreover, chlorophyll-containing
green tomato is a chlorine pigment,
which helps to cleanse the body of
harmful toxins by its antioxidant
properties. It was reported that the
intake of chlorophyll maintains a
healthy digestive system by increas-
ing the beneficial bacteria in the gas-
trointestinal tract (Kopsell et al.,
2005). In this context, the main ob-
jective of this study was to evaluate
the effect of green tomato powder
supplementation on physiological,
hematological, biochemical, and se-
rum oxidative stress parameters of
growing rabbits.
Materials and Methods
Green tomato powder preparation

Green immature tomato fruits
were purchased from a private com-
mercial farm at El-Minya Gover-
norate, Egypt. Then, fruits were
washed, cleaned of impurities, and
oven-dried on 50°C until constant
weight. Dry green tomato powder
(GTP) was finely ground, sieved and
stored at room temperature (25 + 2
°C) until use.
Animals, study design and diets

A total of 24 unsexed New Zea-
land white rabbits (45 days old) were
randomly allocated into 3 experimen-
tal groups (8 rabbits each), with die-
tary supplementation of 0, 10, or 20 g
green tomato powder (GTP) /kg diet
respectively, for 8 weeks. Animals
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were individually housed in the same
managerial conditions in cages (35 x
40 x 40 cm) at the poultry farm site in
the Department of Animal and Poul-
try Production, Faculty of Agricul-
ture, Minia University. Feed and wa-
ter were available ad [libitum
throughout the experimental period (8
weeks). The experimental diets con-
tents were as follows; protein 16%,
fiber 10%, energy 2550 kcal/kg, 44 %
ground yellow corn, 15.5% wheat
bran, 25% sugar beet pulp, 13.5%
soybean meal (44% crude protein),
0.75% premix (vitamins and miner-
als), 0.5% sodium chloride, and
0.75% limestone. The basal diets
were formulated and pelleted to con-
tent growing rabbits nutrient re-
quirements, according to the National
Research Council (NRC, 1977).
Physiological assessments

At the end of the experimental
period, all experimental animals of all
groups have fasted for 12 hrs,
weighed, handily slaughtered and de-
skinned. Edible offal’s (liver and kid-
neys) were considered separately and
recorded. All organ weights were at-
tributed to living body weights.
Hematological indices

Red blood cells (RBCs), hemo-
globin concentration (Hb %), packed
cell volume percentages (PCV %)
and RBC indices (MCV, MCH, and
MCHC) were estimated using a vet-
erinary hematology analyzer (Vet-
Scan HMS5 Haematology System
Abaxis Europe, UK).
Serum biochemical analyses

Blood samples were collected
between 07:00-08:00 a.m. from the
marginal ear vein in tubes, then cen-
trifuged at 3000 rpm for 10 min, sera
were collected and stored at —80°C
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until use for the biochemical analy-
ses. The total serum protein and al-
bumin concentrations were estimated
using commercial kits (Bio-Med,
Egypt). Globulin concentration and
albumin /globulin (A/G) ratio were
calculated. T80 UV Spectrophotome-
ter UK was used in all analytical
analysis.

Serum lipid profile, including
triglycerides (TG) and total choles-
terol (TC), was determined according
to the manufacturer's prescript by
commercial kits (Vitro Scient, Ger-
many) using an enzymatic colorimet-
ric method. HDL-cholesterol concen-
tration was determined using the
method designed by Lopes-Virella et
al. (1997). Serum LDL-cholesterol
and VLDL- cholesterol were calcu-
lated by Friedewald equations which
altered by Ahmadi et al. (2008) as
follows:

LDL (mg/dL) =
TC/1.19 + TG/1.9 - HDL/1.1 -38
VLDL-c = Triacylglyceroles/5
Assessment of oxidative stress and
lipid peroxidation biomarkers

Serum levels of catalase (CAT),
superoxide dismutase (SOD) and glu-
tathione-S-transferase (GST) were
estimated spectrophotometrically by
commercial kits (BioMed chemical
company, Cairo, Egypt). Addition-
ally, serum malondialdehyde (MDA)
was measured enzymatically using
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the method
(1978).
Statistical analysis

Differences between the mean
of eight replicates for three experi-
mental groups were statistically ana-
lyzed by one-way ANOVA and Dun-
nett multiple comparisons test using
GraphPad Prism software version
8.0.2 (263). Data are displayed as
means + standard error means (SEM).
Results are considered signifi-
cant at p<0.05.
Results and Discussion
Physiological alterations

Data tabulated in Table 1, ex-
plained the effect of dietary 10 or 20
g GTP /kg diet on carcass traits. The
results indicated that, GTP inclusion
in diet of growing rabbits daily by 10
or 20 g / kg diet for 8 weeks signifi-
cantly (p < 0.05) increases the live
body weight (g), carcass weight (g)
and carcass % by 13.78, 13.39, 35.50,
37.61, 25.19 and 27.61%, respec-
tively compared to the control group.
In contrast, 10 or 20 g GTP / kg diet
administration significantly (p < 0.05)
depleted liver weight (g) and liver %
by 10.58, 10.10, 22.88 and 22.15%,
respectively compared to rabbits fed
on the control diet. Non-significant
elevation was observed in kidney
weighs induced by 10 g GTP / kg diet
administration and in kidney % by 10
or 20 g GTP / kg diet administrations
(Table 1).

introduced by Satoh
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Table 1. Carcass traits of New Zealand white growing rabbits fed diets containing

10 and 20g green tomato powder/kg diet for 8 weeks.

Items Experimental treatments p-value
Control 10 g GTP/kg diet | 20 g GTP/kg diet

Live body weight (g) |2265+2.55" | 2627 +4.62° 2615+8.66" |<0.0001
Carcass weight (g) 1105+2.55° | 1713 +4.62° 1771 + 11.74* [<0.0001
Carcass % 48.77+0.16°| 65.19+0.29° 67.73 £0.42* [<0.0001
Liver weight (g) 61.49 +0.46°| 54.99+047° | 5528+0.65" |<0.0001
Liver % 2.71+0.02° 2.09+0.01° 2.11+£0.01° <0.0001
Kidney weight (g) 15.02+ 046" 17.77+0.86° 18.35°+1.30 | 0.0377
Kidney % 0.66 = 0.01 0.67 £0.03 0.70 +£0.04 0.8106

Mean = standard error of mean SEM, *° different letters in a row differ significantly (p < 0.05).
Control = green tomato powder free diet; GPT = green tomato powder.

Carcass composition is one of
the most critical aspects of animal
production relating to food produc-
tion (Silva and Cadavez, 2012).
Therefore, the current investigation
used GTP as an unconventional die-
tary supplement for the first time to
improve animal production. Data ex-
hibited that include both levels of
GTP (10 or 20 g/ kg diet) in the diet
of growing rabbits significantly (p <
0.05) elevated their live body weight,
carcass weight and carcass percent
(Table 1). The improvement of body
and carcass weight by administration
of GTP may be due to containing
green tomatoes a several bioactive
compounds including tomatine and
chlorophyll that are known to boost
the immune system against the infec-
tious microbes (Arena et al., 2018),
maintain a healthy digestive system
via elevating the serviceable micro-
organisms in the gastrointestinal tract
and clean the body of deleteri-
ous compounds by antioxidant prop-
erties (Kopsell et al., 2005).
Hematological changes

Hematological alterations in the
blood of growing rabbits induced by
adding two various levels of GTP to
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their diets are shown in Figure 1.
Hematological estimated data re-
vealed that, the RBCs, Hb% and
PCV% were significantly (p < 0.05)

elevated within the normal range
(RBCs:  4.11-7.20 x  10%mm’;
Hb%:10.45- 16.81; PCV%: 38.41-

51.50) up to (6.25 and 590 x
10°/mm’ for RBCs), (13.22 and 13.28
for Hb%) and (38.60 and 38.60 % for
PCV%) by the administration of GTP
(10 or 20 g/ kg diet), respectively. In
contrast, 10 and 20 g GTP / kg diet
supplementation caused significant (p
< 0.05) decreases in MCV, MCH and
MCHC within the normal range
(MCV(11):58.42-72.80; MCH(pg):
19.45-27.83; MCHC(g/dl):28.54-
36.29) by 11.56, 7.55, 23.69, 13.43,
13.80 and 6.16%, respectively com-
pared to control group (Figure 1).
These results, in partial agreement
with the previous investigation con-
ducted by Elwan et al. (2019), who
found that there was a significant in-
crease in RBCs induced by the addi-
tion of tomato powder to fattening
rabbit diets.

As is well known, hematologi-
cal indices are one of the most vital
tools that reflect the physiological
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and nutritional status of the body
(Doyle, 2006). Red blood cells which
are also known as erythrocytes, act as
a carrier of hemoglobin in the body
(Chineke et al., 2006). Hemoglobin
plays an important vital role in releas-
ing energy by transporting oxygen to
tissues for food oxidation (Isaac et
al., 2013 and Soetan et al., 2013).
Packed Cell Volume (PCV) is the
proportion of red blood cells in the
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Fig (1): Hematological indices (Mean + SEM) in growing rabbits fed diets containing
two various concentrations of green tomato powder for 8 weeks.

*P < (.05 significant differences, ** P < (.01 highly significant differences and *** P < 0.001 very high

significant differences compared to normal group. MCH, mean corpuscular haemoglobin; MCHC, mean

corpuscular haemoglobin concentration; MCV, mean corpuscular volume; Control = green tomato pow-

der free-diet; GPT = green tomato powder.
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The enlargement in several
blood indices, including RBCs, Hb%,
and PCV% in the current study in-
duced by GTP administration, may be
attributed to bioactive ingredients in
GTP (tomatine and chlorophyll)
which are indispensable for promot-
ing blood formation. The similarity
between hemoglobin and chlorophyll
structure prompted meditation regard-
ing the action of chlorophyll as a
promoting agent for blood formation
(Fan et al., 2019).

Biochemical indices

Serum proteins and lipid profile

were estimated in the present study as

an indicator for the alteration in liver
functions in rabbits fed on GTP for 8
weeks. As shown in Table 2, rabbits
were supplemented with 10 or 20 g
GTP/ kg diet for 8 weeks had the
higher (p < 0.05) serum total protein
(6.27 and 6.63g/dl), albumin (3.62
and 3.83g/dl) and globulin (2.64 and
2.70 g/dl) within the normal range
(Total protein: 4.19-10.65 g/dl; Al-
bumin: 2.11-3.98; Globulin: 1.94-
3.10 g/dl) compared to dietary control
treatment. Otherwise, 10 or 20 g GTP
/kg diet administration promoted a
significant (p < 0.05) decrease in A/G
ratio by 34.77 %.

Table 2. Serum proteins profile of New Zealand white growing rabbits fed diets
containing 10 and 20g green tomato powder/kg diet for 8 weeks.

Items Experimental treatments p-value
Control 10 g GTP/kg diet | 20 g GTP/kg diet
Total protein (g/dl) 5.12+0.06° 6.27 £0.08"° 6.63 £0.06" <0.0001
Albumin (g/dl) 3.47+0.04° 3.62 +0.04° 3.83+0.03* 0.0415
Globulin (g/dl) 1.65+0.02° 2.64+0.03° 2.70 £0.02° < 0.0001
Albumin/Globulin Ratio 2.10+£0.02° 1.37+0.01° 1.37+0.01° < 0.0001

Mean =+ standard error of mean SEM, **° different letters in a row differ significantly (p < 0.05).
Control = green tomato powder free diet; GPT = green tomato powder.

It 1s well known that; serum
protein profile reflects the health and
nutritional status of the body. Hepa-
tocytes create serum proteins. The
main discernment of their divides into
albumin and globulins. Albumin
plays an important role in fat metabo-
lism by binding with fatty acids and
maintaining them in soluble form in
plasma (Tothova et al., 2016).
Whereas the main role of the globulin
in the body is to consist of the immu-
noglobulins that are produced by the
immune system (Eckersall, 2008).
The obtained data revealed that, GTP
supplementation exhibited a substan-
tial effect on serum total proteins
level and their fractions by increasing
their concentrations in the serum after
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induced feeding rabbits to two differ-
ent levels of GTP (10 or 20 g/ kg
diet) for 8 weeks. The important bio-
active constituents in GTP such as
chlorophyll may be responsible for
this magnification in serum protein
concentrations due to their antioxi-
dant activity (Durga devi and Banu,
2015), which can reduce the protein
oxidation (Katerji et al., 2019).

The effect of active constituents
in GTP on serum lipid profile serum
triglycerides, cholesterol, and lipo-
proteins including high-density lipo-
protein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-
c) and very-low-density lipoprotein
cholesterol (VLDL-c) concentrations
were determined and data are pre-
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sented in Table 3. Tabulated data re-
garding serum lipid profile (Table 3)
exhibited that, rabbits fed a diet con-
taining a high amount of green to-
mato powder (20 g GTP/kg diet) had
the lowest values (p < 0.05) for serum
triglycerides, cholesterol, LDL-c and
VLDL-c compared to others fed diets

containing the most economical level
10 g GTP/ kg diet, and the control
diet. Otherwise, rabbits fed on the
control diet had the lowest (p < 0.05)
level for HDL-c compared to those
fed supplemented diets (GTP 10 or
20 g/ kg diet).

Table 3. Serum lipid profile of New Zealand white growing rabbits fed diets con-
taining 10 and 20g green tomato powder/kg diet for 8 weeks.

Items Experimental treatments p-value

Control 10 g GTP/kg diet | 20 g GTP/kg diet
Triglycerides (mg/dl) 178.5+0.98° 171.5+0.26° 166.1 +0.44°¢ < 0.0001
Cholesterol (mg/dl) 213.6 +1.26° 143.9£3.09° 134.9+0.71°¢ < 0.0001
HDL-c¢ (mg/dl) 97.13+0.85" 121.5+0.56" 128.6 +1.82°¢ < 0.0001
LDL-c (mg/dl) 1473 +1.42° 63.0 +3.02° 46.0+1.95°¢ < 0.0001
VLDL-c (mg/dl) 3538 +0.18°¢ 34.0+0.15° 32.88+0.12° < 0.0001

Mean =+ standard error of mean SEM, **° different letters in a row differ significantly (p < 0.05).
Control = green tomato powder free-diet; GPT = green tomato powder.

The hypolipidemic action of
GTP may be associated with its high
tomatine content, which 1s the most
abundant saponin in the green tomato
and can reduce blood lipids by induc-
ing permeabilization of the cell mem-
brane (Medina et al., 2015), binding
with sterols like cholesterol and for-
matting of tomatine cholesterol com-
plex which excreted in feces (Fried-
man et al., 2000). Moreover, in the
current study, it was noticed that GTP
could elevate the serum HDL-c (good
cholesterol) level (Table 3)., suggest-
ing that GTP may assist as a precious
supplement in the rabbit diet.
Oxidative stress and lipid peroxida-
tion biomarkers

The addition of GTP has been
investigated for its role in oxidative
stress. For this purpose, serum oxida-
tive stress enzyme activities, includ-
ing catalase (CAT), superoxide dis-
mutase (SOD), and glutathione-S-
transferase (GST) as well as serum
malondialdehyde (MDA) concentra-
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tion as a reliable marker of lipid per-
oxidation were determined and data
illustrated in Figure 2. As evident
from these data in Figure 2, there was
a highly significant (p < 0.05) in-
crease in oxidative stress enzyme ac-
tivities like CAT, SOD and GST in-
duced by the administration of two
various levels of GTP (10 or 20 g/ kg
diet) to growing rabbit diet compared
to the control group. Contrarily, se-
rum MDA concentration in rabbits
fed on 10 or 20 g GTP/ kg diet has
shown a significantly (p < 0.05)
lower level compared to the control
group. Furthermore, data clarified
that the highest level of 20 g GTP/ kg
diet has shown significantly (p <
0.05) elevated in oxidative stress en-
zyme (CAT, SOD, GST) activities
compared to the lowest level of 10 g
GTP/ kg diet. Also, MDA concentra-
tion did not significantly (p < 0.05)
differ with 10 or 20 g GTP /kg diet
administrated levels (Figure 2).
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Fig (2): Oxidative stress and lipid peroxidation biomarkers (Mean + SEM) of growing
rabbits fed diets containing two various concentrations of green tomato powder

for 8 weeks.

*P < .05 significant differences, ** P < (.01 highly significant differences and *** P < (0.001 very high
significant differences compared to normal group. CAT, catalase; SOD, superoxide dismutase; GST, glu-
tathione S-transferees; MDA, malondialdehyde; Control = green tomato powder free-diet; GPT = green

tomato powder.

The dramatic improvement in
serum CAT, SOD, GST activities,
and MDA level induced by GTP ad-
ministration to rabbits diet may be
connected to bioactive GTP compo-
nents like chlorophyll, which well
known for its potent antioxidant
properties (Lanfer-Marquez et al.,
2005 and Hsu ef al., 2013). Interest-
ingly, the current study confirmed
that GTP could act as a scavenging
agent and protect serum lipids against
peroxidative damage. These findings
clarified by the low level of MDA
(lipid peroxidation end product) in
the serum of feeding rabbits on 10 or
20 g GTP/ kg diet. (Figure 2).
Conclusion

This study was done to clarify
the effect of dietary green tomato
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powder GTP supplementation on
growing rabbits. The addition of GTP
(10 or 20g /kg diet) to the diet of
growing rabbits resulted in a signifi-
cant improvement of some physio-
logical, hematological, biochemical
and oxidative stress parameters.
These findings suggest that GTP can
be used to improve the growth and

fattening of New Zea-
land white growing rabbits.
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