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______________________________________________________________________________________

Abstract
The study aims to evaluate the effects of ginger root powder and apple cider vinegar as natural feed
additives on growth performance, meat quality, antimicrobial activity, and blood parameters of broiler chicken.
A total of 450 one-day-old unsexed broiler chicks (Ross) were obtained from commercial hatchery and
randomly distributed into three groups. Each group contained 3 replicates of 50 chicks. The 3 groups were
randomly allocated to 3 treatments, where they were offered apple cider vinegar, T v, ginger group, Tg, and
nd
th
control group, Tc. All the birds were offered a starter diet first 21 days filled by a grower diet from 22 to 35
day and thereafter on a finisher diet up to day 35. There was no significant difference in thawing breast
weight, muscle weight, water holding capacity, and colour of the broiler chickens supplemented with ginger
root and apple cider vinegar. The bacterial colonies obtained from heart, lungs, and air sacs showed a
significant difference between the bacterial colonies of lungs and heart and between colonies of lungs and
liver. The final body weight between the three treatments was not affected by the natural feed additive
supplementation. However, there was no significant impact of ginger root and apple cider vinegar
supplementation on broiler serum total protein, total cholesterol, triglyceride (Tri), ALT, and AST levels. The
results concluded that herbal natural feed additives have negative impact on growth performance, meat
quality, antimicrobial activity, and blood parameters of broiler chickens.
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Introduction
Antimicrobial compounds are commonly added to poultry diets for growth promotion and disease
control at lower therapeutic doses on the basis of the observations made since 1946 (Demir et al., 2005; Kim
et al., 2008; Elagib et al., 2015). Misuse of antibiotic drugs can cause drug resistance bacteria and antibiotic
residue in animal products (Costa et al., 2007); therefore, natural antimicrobial products have been
considered as indispensable resources (Ferrini et al., 2008). It has been shown that the use of antibiotic
growth promoters among the poultry feed have been banned since 2006, although they play a beneficial role
in growth performance and disease prevention among the broiler chickens by developing resistance in
bacteria and presence of drug residues in meat (Gilani et al., 2018). The feed grade antibiotic growth
promoters have been banned due to cross-resistance and the risk of possible drugs multiple resistances in
human pathogenic bacteria. Natural products of plant origin, like spices, herbs, and many plant extracts can
be used as alternative to antibiotics for growth promotion to improve broiler performance (Hernandez et al.,
2004). Herbal extraction is considered as a useful growth promoter of similar effects, which is similar to
antibiotics, when used in broiler feeds (Elamin et al., 2015). The earliest known use of vinegar was more
than 10,000 years ago. This information relates to the present study as vinegar is medicinally used for
managing wounds. Moreover, the potential health benefits of vinegar varieties have led the researchers to
further consider this food product that is being used since long.
Rhizome or root part of ginger (genus Zingiber) is extensively employed in medicine for the
management of different diseased conditions; like nausea, vomiting, motion sickness, gastrointestinal ulcers,
diabetes, fever, arterial tension, rheumatoid arthritis, dry mouth/ xerostomia, cancer, migraine headache,
sore throat, and minor respiratory ailments. Zingiber officinale Roscoe, commonly known as Ginger, belongs
to the Zingiberaceae family (Riaz et al., 2015). The fat content of broiler carcasses is likely to increases by
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using drugs as feed additives (Aletor et al., 2000). Thus, the recent nutritional plans for feed cost reduction
have resulted in fatty broiler carcasses (Ademola et al., 2009). The nutritional strategies aim to reduce the
feed costs that leads to the production of fatty broiler carcasses (Ademola et al., 2009). The natural herbs,
including ginger power and apple cider vinegar, are known to possess lipid reducing effects and promote
growth, similar to antibiotics, when used in the feeds of broiler chicken (Elagib et al., 2013). The natural feed
additives are capable of enhancing poultry production and broiler performance through improved nutrient
digestion and absorption by reducing enteric pathogenic microbial loads. Good health status is likely to be
maintained among the broiler chickens that is contributed through the buffering capacity of diets. Moreover,
the buffering capacity is likely to be enhanced through the supplementation of organic acids (Papatsiros et
al., 2012).
Ginger has gained prominence due to its wide range of properties with the basic aim of improving the
nutritive value of animal product (meat, milk or egg). The ginger protease could be useful in the tenderization
process and improving the quality of meat (Naveena & Mendiratta, 2001). Apple cider vinegar is broken
down into alcohol and later into vinegar by the yeast and bacteria after it is consumed by the broiler chicken.
On maturation, vinegar turns into cloudy dark substance. Acetic acid is the main ingredient of apple cider
vinegar. On the other hand, the efficacy of ginger powder makes it a potent compound for treating wide
range of diseases. However, rapid removal and inactivity of metabolic compound decrease the availability of
the agent. Unfortunately, limited information is available in the literature, concerning the study of using ginger
powder and apple cider vinegar as a supplementation to the diet and their effects on broiler meat quality
parameters. Therefore, the study aims to investigate the effects of supplementation in ginger root and apple
cider vinegar on growth performance, meat quality, and blood parameters of broiler chicken.

Materials and Methods
A total of 450 one-day old hatched Ross straight-run broilers were obtained from a commercial
hatchery. The samples were randomly alienated into three treatment groups with three replicates for a 42 day feeding trial. A control (Tc) group had normal diet throughout the trial period that consist of corn and
soybean meal to provide energy and protein. It contained coccidiostat and antifungal (0.1 g/kg) and an
antibiotic growth factor with 1 g Flaovmycin/kg diet. The second group (Tv) of birds received apple cider in
drinking water as follows: 1 - 2 weeks: 1% solution of apple cider vinegar, 3 - 4 weeks: 2% solution of apple
cider vinegar, and 5 - 7 weeks: 3% solution of apple cider vinegar. The third group of birds (Tg) received
ginger powder added to their diet as follows: 1 - 2 weeks: 0.25% of ginger powder, 3 - 4 weeks: 0.50% of
ginger powder, and 5 - 6 weeks: 0.75% of ginger powder (Table 1).
The feeder size was kept constant as it refers to the approximate weight of chicken feed which each
feeder can hold. Humidity, lightning, and ventilation of the place was also maintained for the chickens to
obtain accurate results. At the end of 42 days trial, 40 birds from each treatment were randomly selected,
weighed, and fasted to 10 hours prior slaughter. Slaughtered birds were scalded, and the feathers were
mechanically plucked in rotary drum picker and eviscerated. Feet, shanks, neck, and head were removed;
and carcasses were immediately weighed to obtain post slaughter hot carcasses weight without goblets.
Carcasses were refrigerated for 24 hours at 2 - 3 °C and weighed again to obtain cold carcass weight as the
percentage of live-weight to determine dressing percentage. The carcasses were then dissected into
different commercial parts (breast, thighs and wings). Each part was weighed separately, put in sealed
plastic bags, and stored at -20 °C for further chemical analysis. Cuts were related to the carcass weight and
expressed in percentage. Meat samples were minced to make homogenous paste by passing them through
a grinder fitted with a fine screen three time.
The pH values were determined by using iodo-acetate method described by Jeacocke (1977) and
Sams and Janky (1986). According to this method, pH was recorded after 1 - 1.5 g of raw muscles were put
into plastic test tube containing 10 ml of neutralized 5 mM, using the pH meter (pH spear, model 35634-40,
Eurotech Instruments, Malaysia). The pH was measured at three points on the cranial area of pectoral
superficial muscle; i.e. Major Pectoralis, at about 5 cm from the sternum line (Aperture U 59730-30, ColeParameter).
Blood collection was carried out before induction of coccidiosis at age of 2 weeks, using direct heart
puncture. Coccidiosis is a common parasitic disease among the broiler chickens that causes infection in a
specific region of the intestine. The induction of coccidiosis assists in the evaluation of haematological data
that might be necessary to give a higher challenge dose and the blood was collected on the 42nd day.
Sterile gauge 19 needles and syringes in tubes containing Ethylene Diamineate Acetic Acid (EDTA) were
used to collect 3.5 ml of blood from three birds per treatment that were selected randomly. The biochemical
blood analysis including triglycerides, Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST),
total protein, and total cholesterol was conducted through automated screening. Under testing, each analyte
was processed through spectrophotometer under regulated temperature.
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Table 1 The composition (g kg-1) of the basal diets
Starter diet
(0 - 21 d)

Grower diet
(22 - 35 d)

Finisher diet
(36 - 49 d)

Corn

58.5

36.3

67.05

Soybean meal (48% CP)

35.65

31

26

Palm oil

1.84

1.79

3

Ingredients

Limestone (ground)

1

0.96

1.68

Dicalcium phosphate

0.2

0.2

1.02

NaCl

0.11

0.12

0.42

DL-methionine (98%)

0.10

0.1

0.2

L-Lysine-HCL (98.5%)

0.10

0.1

0.13

Coccidiostat (Amprolium 200)

0.10

0.1

--

Vitamin-mineral premix1

0.1

0.1

0.1

Choline chloride

0.1

0.1

0.1

Antioxidant (dried Echinacea purpurea)

0.1

0.1

0.1

Antifungal (peppermint oil)

0.1

0.1

0.1

ME, kcal/kg feed

3

3.075

3.15

Protein

22

20

18

TSSA (%)

0.9

0.86

0.81

Methionine (%)

0.54

0.51

0.5

Lysine (%)

1.31

1.20

1.07

Therionine (%)

0.84

0.76

0.68

Tryptophan (%)

0.29

0.27

0.23

Ca (%)

1.03

0.98

0.95

P, nonphytate (%)

0.45

0.42

0.4

Na (%)

0.18

0.18

0.18

Calculated nutrient composition

Provided per kilogram of diet: vitamin A, 12 000 IU; vitamin D3, 1500 IU; vitamin E, 50 mg; vitamin K3, 5 mg; vitamin B1,
3 mg; vitamin B2, 6 mg; niacin, 25 mg; calcium-D-pantothenate, 12 mg; vitamin B6, 5 mg; vitamin B12, 0.03 mg; folic
acid, 1 mg; D-biotin, 0.05 mg; apo-carotenoic acid ester, 2.5 mg; colin chloride, 400 mg; Mn, 80 mg; Fe, 60 mg; Zn, 60
mg; Cu, 5 mg; Co, 0.20 mg; I, 1 mg; Se, 0.15 mg.

Samples (swaps) were obtained from liver, lungs, and kidneys using a sterile swap. The samples were
then inoculated on blood and MacConkey agar. No growth was found on MacConkey agar, which indicated
that the colonies were gram positive. The growth on blood agar was purified and tested using API kit, which
showed that the colonies were Staphylococcus gallinarum and Escherichia coli.
Data was analysed using SPSS statistical software (Ver.17.0 for windows, SPSS Inc., Chicago, IL,
USA). The F-test indicated significant (P <0.05) differences between treatments and the means were
separated by using Duncan’s Multiple Range Test (DUNCAN, 1955). Meat quality data was analysed using
SAS program. Friedman’s test was used to compare between the colonies obtained from liver, lung, and air
sacs, which indicated significant differences (P =0.002). Wilkinson test was used for the bacterial colonies
obtained from heart, lungs, and air sacs, which showed a significant difference between the bacterial
colonies of lungs and heart (P =0.008) and between colonies of lungs and liver (P =0.002).

Results
The effects of dietary ginger powder and apple cider vinegar supplementation on broiler feed intake,
total body weight gain, and final body weight have been presented in table 2. The results showed that natural
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feed additive supplementation did not affect the final body weight between the three treatments (P >0.05).
There were no significant differences in total feed intake, total body weight gain, and feed conversion ratio
among all dietary treatments.

Table 2 Effects of antibiotic growth promoter against natural feed additives (apple cider vinegar and ginger
powder) in broiler diets on body weight gain, feed intake, and feed efficiency per kg of weight gain
Treatments

SEM
(0.441)

Variable (Initial body weight .g)
TC (49)

TV (49)

TG (49)

Body weight gain. G
*

0 to 14 d

91

80

14 to 35 d

900

*

*

3.98

720

12.3

80

950

35 to 42 d

390

320

285

6.86

0 to 42 d

1381

1350

1085

21

0 to 14 d

215

*

198.6

*

283.87

14 to 35 d

590

589.9

671.1

23.2

35 to 42 d

580

590

623

11.3

0 to 42 d

1385

1379

1578

36.2

Feed intake. G
*

3.65

Feed conversion ratio
0 to 14 d

2.36

2.88

3.54

0.0124

14 to 35 d

0.66

0.62

0.93

0.012

35 to 42 d

1.49

1.84

2.19

0.045

0 to 42 d

1

1.02

1.45

0.002

*Means within the same row with no common superscript differ significantly (P <0.05) on the basis of the treatment
groups design; Tv: Commercial feed supplemented with apple cider vinegar; Tg; commercial feed supplemented with
ginger root powder; Tc; Commercial feed supplemented with Antibiotic Growth Promoter (1 g Flavomycin kg-1 diet).

The effects of ginger root and apple cider vinegar supplementation on broiler bird’s total protein, total
cholesterol, triglyceride (Tri), ALT, and AST levels sampled at 42 days have been presented in table 3. There
were no significant effects of ginger root and apple cider vinegar supplementation on broiler serum total
protein, total cholesterol, triglyceride (Tri), ALT, and AST levels.

Table 3 Influence of ginger root and apple cider vinegar on total protein, total cholesterol, triglyceride (Tri),
ALT, and AST of broiler blood sampled at 42 days
Variable
-1

Total protein (g dl )
-1

Total protein (g dl )
1

Total cholesterol (g dl- )
-1

Triglyceride (mg dl )

TV

TG

3.07

2.35

2.33

1.45

1.4

1.25

121

105

97.6

46.3

24.9

38.3

-1

280

269

277

-1

166

196

1.87

AST (U I )
ALT (U I )
1

Tc

Values represent the average of three broilers in each group at 42 d of age.

The effects of ginger root and apple cider vinegar supplementation on thawing breast weight, muscle
weight, pH, cooking loss percentage, and shear force values are shown in Table 4. Thawing breast weight,
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muscle weight, water holding capacity, and colour of the birds supplemented with ginger root and apple cider
vinegar had no significant difference, when compared to the control (P >0.05). There were significant
differences in pH, shear force, and cooking loss when compared to the control (P >0.05).

Table 4 Least-square means for broiler thawing breast weight, muscle weight, pH, cooking loss (CL), water
holding capacity (WHC), and shear force (SF) as affected by fed diets supplemented with ginger root and
apple cider vinegar
TC
5.956

a

Cooking loss, %

16.19

a

WHC, %

29.20

Shear Force, kg/cm2

2.81

pH

a

5.916

b

24.08

b

27.65
1.41

P-value

TV

TG

b

5.918

b

0.026

22.57

b

0.006

28.63
1.57

b

0.585
<0.0001

Colour coordinates
L

39.44

39.51

38.15

0.564

A

2.02

2.32

1.78

0.440

B

19.44

19.13

18.95

0.543

Breast weight, g

233.40

258.20

264.00

0.380

Muscle weight, g

174.80

193.60

171.00

0.577

Discussion
The consumption of diet supplemented with du-sacch by broilers from group Tc was significantly
decreased during the first 14 days of age (P <0.05). Du-sacch is 100 % natural complementary feed
especially developed for the animals. This feed is rich in oligosaccharides that is ideal substrate for the
lactobacilli’s. The differences in feed intake of broilers given supplemented diets with antibiotic growth
promoter and five natural feed additives were not significant from 14 to 35, 35 to 42, and 0 to 42 days of age.
These results were consistent with the studies conducted by Gebert et al. (1999), and Tucker (2002), who
reported that the dietary herbal growth promoter had no significant effects on feed intake of broilers.
However, this is not supported by Cross et al. (2007), who showed that the oregano supplementation to
broiler diets significantly decreased the feed intake.
In the present study, the feed efficiency was not significantly affected by the treatments from 0 to 14,
14 to 35, 35 to 42, and 0 to 42 days of age. This observation was supported by Konjufca et al., (1997),
Gebert et al. (1999), and Cross et al. (2007). The numerical increase in the performance of broiler chickens
occurs due to stimulation of pancreatic secretions; however, this approach did not work in the present study.
It was expected that stimulation of pancreatic secretions would increase the activity of digestive enzyme
activity and the antimicrobial properties of bio-active components found in these herbs. The presence of
herbs in feeding diet has positive impact on the balance of microbial population within the gut (Demir et al.,
2005). Feeding broilers with diet containing these herbs has positive impact on balancing of gut microbial
populations.
There was no significant difference observed for total protein, albumin, total cholesterol, triglyceride,
AST, and ALT levels among the dietary treatments. The results have also shown that the plasma cholesterol
level was numerically higher among the broilers consuming the diet supplemented with ginger powder, as
compared to the control. Feeding ginger supplements with short feeding period and relatively low doses have
been implicated in the failure to reduce plasma cholesterol level. Similar results were proposed by Bordia
(1981), who reported an increase in serum cholesterol followed by a subsequent reduction in a 10-month
ginger feeding study, in which 0.25 mg kg-1 of ginger was consumed. However, Konjufca et al. (1997)
reported that feeding dietary ginger powder for 21 days significantly reduced the plasma cholesterol level in
broilers. Unfortunately, only limited information is available on the effects of herbs as feed additives on the
blood parameters of broilers.
A similar study investigated the impact of feeding ginger powder for enhancing the performance of
broiler chicken (Fakhim et al., 2013). However, the results came out to be contrary to the findings of the
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present study as ginger powder increased body weight of the broiler chicken with 1.0 percent ginger powder
in feed. The results of present study were consistent with Zomrawi et al. (2012) as it showed no significant
difference in the feed intake among the control and experiment group of broiler chickens. Other studies
conducted by Ramiah et al. (2014) and Zhang et al. (2009) demonstrated that there is increase in the feed
intake among broiler chickens because of the synergistic impact of combination of probiotic and ginger
powder. This was also supported by Karangiya et al. (2016) as the broiler chickens supplemented with
ginger were observed to utilize more feed as compared to the ones, who were not provided with ginger
powder.
Vinegar is a sour liquid, comprised mainly of acetic acid, typically 4 - 18% acetic acid by mass
(Nascimento et al., 2003). The amount of acetic acid used in vinegar on a worldwide scale is not large, but it
is the oldest and best-known application. Vinegar has antimicrobial properties, which make it useful for a
number of applications. It is used for cleaning and treating nail fungus, head lice, warts, and ear infections
(Budak et al., 2014). Thawing breast weight, muscle weight, water holding capacity, and colour of the birds
supplemented with ginger root and apple cider vinegar had no significant differences, when compared to the
control (P >0.05). This outcome was contrary to Choi et al. (2010) who reported that there is a significant
difference in pH, shear force, and cooking loss when compared to the control (P >0.05). Choi et al. (2010)
studied the effects of supplemented (0, 1, 3, and 5%) ginger powder to the broiler diet and found that the pH
values decreased with increasing levels of dietary ginger powder. There were no significant differences
among all treatments in water holding capacity (WHC) and shear force in thigh muscles (P >0.05).
Similar to the present study, another study was performed on female broiler chickens to examine the
impact of herbal natural feed additives on the growth of broiler chickens (Raphael et al., 2017). This study
tested the effects of oregano, du-sacch, quiponin, garlic, and thyme powder and showed that these natural
feed additives may be used as alternatives to an antibiotic growth promoter in broiler production (Raphaël et
al., 2017). These results were supported by another study conducted by El-Faham et al. (2014), that
concluded that use of natural additives in broiler diet tends to improve the performance of broiler chickens.
Moreover, there is no negative impact of using these natural additives on the broilers (El-Faham et al., 2014).

Conclusion
Use of herbal natural feed additives in form of ginger root powder and apple cider vinegar were not
successful in enhancing the production of broiler chcikens. The study results have clearly shown a negative
impact of the natural additive supplements on growth of broiler chickens. The study has provided adequate
information about ginger powder as a dietary additive and its effect on production parameters, meat quality
and metabolic parameters; however, the information about the effect of apple cider vinegar is not welldocumented. Future studies may be needed to validate the present findings related to apple cider vinegar as
a dietary additive.
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