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Abstract 
 
The hot and wet climatic conditions in the tropics limit the high performance and survival of 
broilers. In Cambodia heat stress is experienced nearly all year round, but is more pronounced 
during the transition period from the hot to the wet season. An experiment to determine the 
effect of Vitamin C supplementation on the productivity of broiler chickens was conducted in 
the Animal Experimental Station of the Royal University of Agriculture, Cambodia, from 
June to July, 2001. 270 day-old chicks of weight 44.49 g ± 3.23 were under a completely 
randomised design divided into 3 groups with 3 replications each and reared on deep litter rice 
husks for 42 days. Birds in each group were fed a balanced broiler diet ad libitum and 
supplemented with Vitamin C dissolved in drinking water of 0, 20 and 40mg/bird/day for 
groups A, B and C respectively. Feed consumption among groups did not differ (p>0.05), 
however, the average weight gains of groups A, B and C of 1281.64g ± 47.4, 1401.18g ± 51.7 
and 1511.87g ± 46.8 respectively were significantly different (p<0.01). The feed conversion 
ratios of A (2.22 ± 0.01), B (2.11 ± 0.01) and C (2.04 ± 0.01) were also significantly different 
(p<0.01). Broiler chicken mortality was highest in group A (8.9%), followed by B (5.6%) and 
lowest in group C (2.2%). It was concluded that supplementation with Vitamin C at 
40mg/bird/day in drinking water reduces the impact of heat stress significantly and improves 
the productivity of broilers under the tropical conditions of Cambodia. 
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Introduction 
Broiler production plays a major role in food security for the rapidly increasing Cambodian 
human population. Their short production cycle, high feed efficiency and high biomass per 
unit of agricultural land are particularly attractive for the Cambodian production system. 
However, compared to other domestic animals, broiler chickens are more susceptible to 
changing environmental conditions (Nolan et al., 1999). In particular, high ambient 
temperatures depressed feed intake, weight gain and increased mortality rates among broilers 
(Ayo et al., 1996). A possible approach to counteracting the negative effects of heat stress 
among chickens could be the supplementation of birds with Vitamin C. Vitamin C plays a 
major role in the biosynthesis of corticosterone (Bain, 1996), a primary glucocorticoid 



hormone involved in gluconeogenesis to enhance energy supply during stress (Frandson, 
1986). However, under critically high ambient temperatures, the production of Vitamin C in 
broilers is inadequate for optimum performance (Daghir, 1995a). Several researchers have 
reported beneficial effects of Vitamin C supplements given either in diets and / in drinking 
water. Supplements enhanced performance of broiler chickens with experimentally induced 
hypothyroidism (Takahashi et al., 1991 and Yanaka and Okumura, 1982), reduced stress-
related response (Pardue and Thaxton, 1984) and improved disease resistance of the birds 
(Amakye-Anim et al., 2000). The fully practical relevance of such findings is however, yet to 
be concluded.  This experiment evaluated broiler chicken performance at three planes of 
Vitamin C supplementation in drinking water during the hot-humid climate of Cambodia. 

10

15

20

25

30

35

40

45

50

Jan Feb Mar Apr Mai Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (°
C

)

50

55

60

65

70

75

80

85

90

H
um

id
ity

 (H
%

)

Ambient temperature Relative humidity
 

Figure 1: Ambient temperature and relative humidity in Cambodia (Source: Ministry of 
Meteorology and Water Resource of Cambodia). Most unfavorable condition occur 

in April – November   
 

Material And Methods 
The experiment was conducted in the Animal Experimental Station of the Royal University of 
Agriculture, Phnom Penh, Cambodia during the June – July hot-humid climate (Fig. 1). Two 
hundred and seventy, one-day old broiler chicks of AVIAN breed and mixed sex, weighing 
44.49 g ± 3.23 were under a CRD divided into 3 groups (A, B and C) each with 3 replications 
of 30 chicks each and reared on deep litter rice husks for 42 days. Chickens in each group 
were fed a balanced broiler diet (Table 1) ad libitum and supplemented with Vitamin C 
dissolved in drinking water at a dose of 0, 20 and 40mg / bird / day for groups A (control), B 
and C respectively. The ambient temperatures and relative humidities (Fig. 2) were recorded 
daily at 6.00, 9.00, 12.00, 15.00 and 18.00 hours, while individual chicken weights were taken 
weekly. Feed offers and refusals as well as chicken mortalities were recorded daily. Data were 
analyzed using SAS General Linear Models. The model was Yij = µ + Vi + eij with Yij as the 
response of the jth bird to the ith level of Vitamin C supplementation, µ is the common mean, 
Vi the effect of Vitamin C supplementation and eij the residual effect. 
 
 
 
 
 
 



Table 1: The research diets of chicken 
 

 Feeding period (Week) 
Ingredient (%) 0 - 3 3 - 5 5 - 6 
Maize 35.92 31.37 36.36 
Rice bran 17.96 31.37 36.36 
Soybean meal 13.87 10.92 17.85 
Fish meal 27.75 21.84 8.93 
Soybean oil 4.00 4.00 0.00 
Premix 0.50 0.50 0.50 
 Calculation Feed nutrient 
Protein (%) 22.71 20.00 18.03 
Energy (Kcal) 3157.66 3131.46 2847.59 
Calcium (%) 2.94 2.32 1.03 
Phosphorous (%) 1.21 1.04 0.57 
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Figure 2: Average ambient temperature and relative humidity during experimental period 

 
Result 
The results of the experiment are summarized in Figure 3 and Table 2.  As the general 
situation of Cambodia, live weight of bird in Group A is recommended for the market 
purpose. Moreover, the mortality rate of bird in the control group is much less than the normal 
situation while 10 - 20% of mortal birds were found.   
 
Growth rate 
During the first three weeks, no difference in body weight among groups was detected 
(p>0.05). A significant difference in body weight among groups was observed from the 3rd to 
the 6th weeks. Birds in Group C (received 40mg/bird/day of Vitamin C) were the heaviest 
(p<0.01) followed by group B and lightest in group A (Fig. 3).  
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Figure 3: Growth rate of broiler chickens fed balanced diet and supplemented with vitamin C 

in drinking water.  
 

Feed intake and Feed Conversion Ratio 
Vitamin C supplementation did not significantly (p>0.05) increase feed intake among groups. 
However, from the 3rd week, birds in group C had the best feed conversion ratio in 
comparison with those of groups A and B (Tab. 2). 

 
Table 2: Feed intake and Feed Conversion Ratio of birds 

 Feed intake (g / day)   Feed Conversion Ratio 
 Vitamin C (g / bird / day)   Vitamin C (g / bird / day) 

Week 0 20 40 0 20 40 
1 18,35 ± 3,14a 18,29 ± 3,43a 18,55 ± 3,14a 1,74 ± 0,02a 1,74 ± 0,03a 1,76 ± 0,02a 
2 44,37 ± 12,64a 47,09 ± 13,16a 49,68 ± 11,93a 2,27 ± 0,01a 2,25 ± 0,02a 2,2 ± 0,01a 
3 61,47 ± 48,29a 63,32 ± 48,85a 64,28 ± 39,88 a 1,74 ± 0,02a 1,70 ± 0,01ab 1,67 ± 0,03b 

4 75,45 ± 34,75a 76,90 ± 67,28a 82,56 ± 61,18a 2,29 ± 0,02a 2,02 ± 0,02 b 1,85 ± 0,03c 
5 91,58 ± 37,12a 94,92 ± 37,00a 97,78 ± 31,48a 2,4 ± 0,04a 2,29 ± 0,03b 2,16 ± 0,02c 
6 115,52 ± 65,00a 120,71 ± 102,5a 125,92 ± 85,80a 2,88 ± 0,04a 2,65 ± 0,01b 2,62 ± 0,04c 

       

Mean 67,79 ± 47,40a 70,21 ± 51,70a 73,13 ± 46,80a 2,22  ± 0,01a 2,11 ± 0,01b 2,04  ± 0,01c 
a, b, c Means (± SD) in the same row with different superscripts are significantly different (p<0.05) 

 
Mortality rate 
Mortality rate was lowest in group C (2,2 %) followed by group B (5,6 %) and highest in 
group A (8,9 %).  
 
Discussion  
It is generally known that an ambient temperature of 32-35°C is most appropriate for 
brooding chicks (Gietema, 1996) and therefore young chickens are more adaptable to high 
temperatures than mature ones (Payne and Wilson, 1999). Only during transportation would 
temperatures exceeding 35°C endanger young chickens. This study examined the effect of 2 
planes of Vitamin C supplementation on broiler chicken performance and mortality during the 



hot-humid climate of Cambodia. The results of the present study are similar to those of Jaffar 
and Blaha (1996) who observed a 10,9 % increase in body weight of chicken supplemented 
Vitamin C at 20mg/bird/day in drinking water during acute heat stress (29 - 43°C and 40 - 
85% of relative humidity). Blaha and Kreosna (1997) observed an even higher increase (18%) 
among chicken fed ad libitum with similar supplementation. Vitamin C supplementation in 
this study was up to 40mg/bird/day and the weight gain increased proportionally. In the hot 
climate of Nigeria, Vitamin C supplementation also improved body weight of broiler chickens 
(Njoku, 1984 and Njoku, 1986). On the centrally,  Puron et al. (1994) examined the 200 ppm 
dietary Vitamin C supplements and found no effect on performance and survivability when 
the average environmental temperature was 26°C. Similarly, Sykes (1977) pointed out that 
only a slight effect of Vitamin C on the performance of broiler would be expected. 
Apparently, beneficial effects of Vitamin C supplementation would be most expressed under 
high ambient temperatures. 
Although the harsh climatic conditions may have interfered with feed consumption during the 
day time, it is probable the favorable temperatures at night may have enhanced feed intake 
since birds were fed ad libitum. During the experiment, light was provided throughout the 
night.  This observation may explain the lack of significant differences in feed intake among 
groups. This result is in agreement with Blaha and Kreosna (1997) and Jaffar and Blaha 
(1996) who reported, that feed intake of broilers was not affected by the supplementation of 
Vitamin C. The results also demonstrated a better FCR with increasing vitamin C 
supplementation. This was in agreement with the findings of Blaha and Kreosna (1997) and 
Mckee and Harrison (1995) who also detected an improvement in FCR of broilers as a result 
of Vitamin C supplementation during heat stress. Vitamin C could be implicated in these 
observations because it is associated with the conversion of body proteins and fat into energy 
for production and survival through increased corticosterone secretion (Marshall and Hughes, 
1980; Bain, 1996). Vitamin C enhances secretion of corticosterone and thus could be a useful 
stress management strategy. This study reported higher broiler mortalities in birds of the 
control group (no Vitamin C supplementation). Significant differences in mortality rates 
among groups supplemented with or without vitamin C were also reported by Giang and 
Doan (1998), Doan (1998) and Pardue et al. (1985). Vitamin C could still play a role in these 
findings as it has been shown that it takes part in the synthesis of leukocytes especially 
phagocytes and neutrophiles which play a part in the defense system of the chickens (Null, 
2001).  
 
Conclusion 
Broiler chickens subjected to heat stress in the hot–humid climate of Cambodia respond 
favorably to Vitamin C supplementation. Vitamin C supplements up to 40mg / bird / day 
increase performance and reduce the mortality rates of broiler chickens. Experiments to 
determine the optimum level of Vitamin C supplementation for maximum economic benefit 
are recommended. 
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