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ABSTRACT: Sixteen non-pregnant doe rabbit’s 6 months
old (8 New Zealand hite; NZW and 8 Californian; CAL) in the
first parity of their first year of production were used in this re-
search. After parturition, the chosen does in both the two
breeds were nearly equal in their litter size at birth. One milk
sample was collected from each doe during colostrum period
(1-2 days post-partium) and biweekly until weaning the kids
(35 days). Milk yield from each doe was estimated before feed-
ing individually by the difference in doe weight before and af-
ter nursing once a week for a period of 5 weeks.

Milk yield and major milk components except lactose were sig-
nificantly affected by stage of lactation. The average of milk
yield was lower in the first week and reached its peak in the 3
rd week of lactation stage. Both moisture/total solids and cal-
cium/in-organic phosphorus ratios were the same; 2/1 through-
out the lactation.

Milk energy was significantly affected by lactation and the
high values were during the 5 th week due to high fat content.
The concentrations of Na, K, Ca, Mg and P (inorganic) were
affected significantly by the lactation stage

Keywords: rabbits, milk yield, milk components, and lactation
period.

INTRODUCTION

Knowledge of the composition of rabbits milk is necessary to understand how
doe effectively it supplies nutrients to the pups. Some studies since 1960's the last
century have measured only gross chemical composition (Davies et al., 1964) or
used one or two milk samples from parturition up to only 3 weeks of lactation
(Coates et al., 1964). Finally, Elsayiad et al.(1994) reported some notes on rabbit
milk composition.

The technical and the physiological difficulties of collecting the milk samples
and the very small quantities of milk that can obtain from each doe, especially, in
the late lactation stage make such studies more difficult. To improve our knowl-
edge, the effect of lactation stage from colostrum until 5 th week on milk yield, as
well as, milk composition in each of New Zealand (NZW) and Californian (CAL)
breeds, were the main Ob](:Ctlve of this study.
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MATERIALS AND METHODS

1- Animals, and management:

Eight New Zealand White (NZW) and 8 Californian (CAL) non-pregnant does
purebred, with 3670 and 3710 g average body weight, respectively, 6 months old in
the first parity of their first year of production were used in this study. The experi-
mental work was carried out in a private Rabbitry farm located in Zagazig city,
Sharkiya Province, Egypt during winter conditions January and February of the
year 2002 and lasted about 40 days (Suckling period). Averages of maximum and
minimum ambient temperatures and relative humidity indoor the rabbitry during
the experimental period were 22, 5 CO and 75,50%, respectively. The day length
was 10.30 hr.

The does were kept under the same managerial conditions and housed in indi-
vidual universal galvanized wire batteries. The batteries cages were provided with
feeders, automatic nipple drinkers and external nest boxes for kindling and nursing
young. The batteries were located in building naturally ventilated by special win-
dows and provided with electric fans. The does were not transferred to the buck
cage for mating during the experimental period. Does were fed ad libitum on lactat-
ing commercial pelleted ration (EL- Takamel Factory, 6 October City). Ingredients
and chemical analysis are presented in Table 1. Fresh clean water was available at
all times.

2- Milk yield and milk samples:

The pups were separated from their mothers on the evening to prevent  suck-
ling for a period of 12 hrs before sample collection in the morning. Ninety- sex
milk samples were collected manually by gently massaging the mammary gland of
the doe and about of 20 ml per doe were obtained.

Samples of colostrum were taken within 48 hrs of parturition and then samples
were collected weekly, i.e. at the 7th, 14th, 21st, 28th and 35th days of lactation.
The samples were stored at -20 C until analysis.

Milk yield (in grams) was estimated before feeding individually from does by
the difference in does weight before and after nursing once a week for a period of 5
weeks.

3- Milk analysis:

Milk samples were thawed and mixed before analysis. The samples were dilut-
ed with deionized distilled water at a proportion of 1: 2 to facilitate the analysis.
Approximately 10 g of the diluted sample weighed into a weighing silica crucible,
kept in an oven at 70 C until dry and then at 105 C for 3 hrs until constant weight
to obtain total solids (Ling, 1956).

14



Al-Azhar ]. Agric. Res., Vol. 38, 13 - 24 (December), 2003

Total moisture was calculated as the difference between fresh sample weigh and
total solids. Fat content was determined using Gerber method according to British
Standards Institution Method (1951). Total protein was estimated by the biuret
method (Armstrong and Carr, 1964).

To estimate ash content, the dried samples were ignited in a muffle furnace at
460 C. Lactose was calculated by subtracting the sum of protein, fat and ash from
total solids. Milk energy (kcal/100 g milk) was calculated using the following
equation (Perrin, 1958):

E=9.11 x fat + 5.54 x protein + 3.95 x lactose

Determination of sodium (Na), potassium (K), calcium (Ca), magnesium (Mg)
and phosphorus inorganic (P) in milk samples were estimated color metrically us-
ing commercial chemical reagent kits after the wet ashing method with nitric and
percholoric acids was carried out.

4- Statistical analysis:

Data were subjected to statistical analysis using SAS (1991) according to Sned-
ecor and Cochran (1982). Duncan’s New Multiple range test was carried to test the
significance of the difference among means within the same column of each item
(Duncan, 1955).

RESULTS AND DISCUSSION
1- Milk yield:
Table 2 showed that the averages milk yield were significantly affected due to
lactation stage. The highest values were at 3 rd week and then declined afterwards

in both two breeds while the lowest values were at 5 th week and then at Ist week.
EL-Sayiad et al.(1994) reported similar results.

2. Major milk components:
a- Total solids and moisture

The major component of the milk except lactose significantly fluctuated in con-
centration with change in milk yield during lactation (Table 2 and Fig.1).The colos-
trum and the milk of the Sth week contain the lowest of moisture contents. The in-
crease of total solids in colosrum and in the Sth week was due to the increase in
proteins, specially, globulin antibodies in early lactation and the increase in fat con-
tent at the end of lactation, respectively. Abdel-Fattah(1985)reported a higher value
of total solids from 30 to 50 days of lactation (40.5 to 50.4%).1t is interesting to ob-
serve that total solids/total water ratio was about 1:2 throughout the suckling peri-
od. Milk from Californian does contain more solid than that of New Zealand white
ones, specially, during the last 3 weeks after parturition (Fig. 1).
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b- Fat

The fat content was high at the end of the suckling period than at parturition.
The high values of the 5th week may have been due to the low milk yield at this
time while the low values in the first and the second weeks were at the peak of
milk yield .The present results are in agreement with those reported by Coates et
al(1964) ; Lebas (1972) and El-sayiad et al.(1994 ) in NZW or CL rabbits, while
Abdzel-Fattah (1985) found higher levels in giza rabbit milk.

c- Protein

The maximum protein values were measured in the colostrum and than declined
gradually with increasing lactation stage, reaching a minimum throughout the 4th
and 5th weeks. This may be related to its requirement for pups growth .The levels
of protein agreed with those reported by Coates et al. (1964); Cowie (1969) and
Lebas (1971) and the levels from 2nd day till 30th day in the study of Abdel-Fattah
(1985 ). Milk of the does Californian contained protein more than milk of New
Zealand does in the last two weeks of lactation period (Table 2 and Fig.).

d- Lactose

Levels of lactose were nearly constant during lactation (Table 2).This may be
because lactose is one of the main constituents concerned in maintaining constancy
of the osmotic properties of milk. The results agreed with those reported by Abdel-
Fattah (1985) from the second till the 30th day of lactation but the levels at 44 and
51 days were lower than those here at 35 days of lactation. Coates et al. (1964) also
reported lactose value about 30% lower than here. EL-Sayiad(1994) reported that
lactose concentration was not affected significantly by the lactation stage in both
NZW and CAL breeds.

e- Ash

The concentration of ash in the milk was significantly affected by the stage of
lactation. The minimum values were in colostrum and the first week followed by a
gradually increase to the maximum in the 4th and 5th week (Table 2 and Fig. 1).
However, similar levels were obtained by Hafez (1970) and Abdel-Fattah (1985)
ranging from 2.0 to 2.5 mg /100g milk and from 1.9 to 2.4 mg / 100 g milk, respec-
tively. The increase in ash content in the 4th to Sth weeks may be due to the in-
crease in Na, K and Ca concentrations. These present about 0.5 of total milk salts
in late lactation, which might be due to pregnancy requirements.

Solids- not- fat as a total (protein, lactose and ash) values were not significantly
affected by lactation stage. This was a result of the protein content changing in the
opposite direction to ash and lactose contents (Fig 1).
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f- Energy

Milk energy was significantly affected by lactation stage (Table 2).The high
values in the Sth week were due to high fat content. One kg of milk in this week
provided about 2330 kcal of which about 66% came from fat, 31% from protein
and only 3% from lactose. The high values also observed in the colostrum were
due to the high level of proteins. One kg from colostrum provided 2200 kcal of
which about 40% came from protein, 56 %from fat and 4% from lactose.

The milk of Californian does contained more energy than the milk of New Zea-
land does, specially, in the last 3 weeks of lactation. This may be due to that milk
of Californian does contained higher protein and fat levels than that of New
Zealand does in that period (Fig 1)

3- Minerals in rabbitis milk:

The concentrations of Na, K, Ca, Mg and P(inorganic) were affected ignorantly
by the lactation stage.

Sodium and potassium

The values of Na were low in colostrum and increased gradually to reach the
maximum in the 5th week. On of the other hand, the concentration of K was high
in colostrum, decreased gradually until the 3rd week, and increased in the 4th and
the Sth weeks (Table 3 and Fig. 2). Similar findings for Na and K concentrations
were reported by, Coates et al. (1964)

Calcium and magnesium

Levels of Ca were varied and showed no clear lactation trend. The Mg values
were low in the 4th and Sth weeks, and highest in the colostrum (Table 3).It is
interesting to observe that Ca / Mg ratio gradually increased from 11.8 to 13.8
with increasing the lactation period. It may be due to that these divalent
electrolytes being responsible with lactose, for the osmotic properties of milk. New
Zealand does milk contained Ca more than that of Californian does, specially, in
the colostrum and 1st week of lactation period ( Table 3 and Fig. )

Inorganic phosphorus

P (inorganic) contents were significantly affected by stage of lactation but no
definite trend was observed (Table 3 and Fig 2). New Zealand does, milk contained
more P (inorganic), specially, in the first two weeks than did the milk of the
Californian does .It is interesting to observe that Ca and P(inorganic)
concentrations in milk showed the same trend in that period (Table 3 ). However,
Ca / P ratio was constant (2 / 1) throughout lactation. EL-Sayiad (1994) reported
similar findings concerning Ca and P (inorganic) concentrations.
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Tablel: Ingredients and chemical analysis of the lactating
commercial diet fed to does rabbits during the lactation

period.

Ingredient and chemical composition Yo
The ingredients of the ation:

Barley 32.0
Wheat bran 21.0
Soya bean meal (44% crude protein) 10.0
Clover hay 220
Berseen straw 6.0
Corticated cotton sced meal 3.0
Molasses 3.0
Meat meal (60% crude protcin) 1.3
Limestone 1.0
Sodium chloride 0.34
Vitamins and minerals premix* 0.30
DL-Methionine 0.06
2-The chemical composition of the
ration** ( %Dry matter basis)
Crude protein 22.52
Crude fiber 16.94
Crude ether extract 2.42
Nitrogen free extract 50.73
Ash 7.39
Digestible energy/ kg ration 2600 k cal

Table 2. Daily milk yield, major milk components (g / 100 g milk) and energy (k cal/100 g milk)

at different weeks of lactation period in NZW and CAL breed

Lactatin Rabbits Daily milk | Moisture Fat Protein Lactose Ash " Energy
period breed vield content Keal/100 g
doe/day ) el el *e NS el milk

Colostm NZW e 66.1 13.9 16.3 1.87 1.87 224

CAL 66.6 133 15.6 2.35 2.18 217

X iSE o 60.3:20.8b 13.7x0.6¢ 15.9+0.7a 2.11:0.1a 2.01:0.2b 2219
First week | NZW 109 68 124 114 2.00 1.81 201

CAL 98 69 1.9 151 12.03 1.84 200

X #SE 103.545¢d 68.6x0.7ac | 12.2x0.5d 14.8r0.0ac  : 2.00+0.1a 1.83:0.1b 20149 b
Second NZW 157 69 .S 14.1 i 1.83 2.12 190
week CAL 158 72 t1.5 12.5 ;.89 226 182

X =SE 157.5+4b 70.1x0.7a 11.5+, led 13.6+0.6bc 1.861:0.1a 2.24C lab 186+8 b
Third NZW 174 70 13.2 -1 13.5 1.89 1.92 203
weak CAL 181 67 14.7 13.3 2.25 2.38 217

X =SE 177.5:8a 68.6=0.8ac | 13.8+0.5¢ 13.5:x0.6bc 2.07z0.1a 2.2:0,1be 210:9 b
Forth NZW 119 69 48 B - |115B 2,05 2.52 207
week CAL 10s 66 15.2 A 148 A 1.64 2.38 227

X +SE 112.026¢ 62.6t0.8bc | 15.0%0.6b 13.0x0.7b |.85=0.1a 2.540. lac 21747 ¢
Fifth NZW 84 . 68 162 B 1.0 B 1.84 2.60 216
week CAL 66 63 7.7 A 149 A 1.86 233 2513

X tSE 73, 1%:6¢ 65.8+0.9b 16.940.68 13.0=0.7b 1.85=0.1a 2.46+0.28 23349 a

u.b,c...Means bearing different subscripts in the same column due 1o weeks of lactation period. differ significantly(P<0.05).
*= = P<0.01, NS = not significant
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Table 3. Some minerals (ng / 100 g milk) in rabbits milk at different weeks of lactation
eriod in NZW and CAL. breeds.

Lactation [abbijts Na K Ca Mg Ca/Mg P Ca/P
period breed ** * * ** ratio | b ratio

Colostrum NZW 87 187 507 A 41 124 267 A 1.9

CAL N2 185 478 B 42 114 256 B 1.9

XtSE X4 1 2c¢ | 186134 492 9a 4121 a 119 260:.5 be 1.90
First week | NZW 103 176 480 A 39 12.3 262 A 1.8

CAL 14 168 451 B khi 119 249 B 1.8

X+SE 102 =2d 172+ 3b 466+ 8¢ 38+l b 121 256+ be 1.80
Second NZwW 108 163 494 A 36 13.8 264 A 1.9
week CAL 102 154 490 B3 37 13.2 254 13 1.9

X&SE H03:2d | 159 3¢ 4921 B ab 36s 1be 13.5 259:4 be 1.90
Third week | NZW 17 151 492 . 36 13.7 263 1.9

CAL 18 152 490 37 13.2 269 1.8

X:SE 117 < 2¢ [T +2d 4881 8 ab 364 1 be 13.5 2066+4h .85
Forth week | NZW 121 172 452 32 14.1 233 1.9

CAL 126 184 497 38 13.1 239 1.9

X+£SE 123+2b | 178+ 3ab | 4739 be 35l ¢ 1335 245+5 ¢ 1.90
Fifth week | NZW 140 179 504 36 14.0 284 1.8 !

CAL 132 185 482 3s 13.8 277 1.7 !

X+SE 136 : 2a 182 t4 a 492+9 » 35k ¢ 13.9 280+35 a 1.75 J'

ab.c..Means  bearing  ditforent subseripis in the same coluinn due to weeks of lactation period.  ditfer
significantly(P<0.03).  A.B Mcan bearing different subseripts in the same column of cach week due to breed, difter
significantly (P« 0.05). *= P« (.03, ** = P< 0.0]

Conclusion

It is concluded that milk yield of rabbits reached its peak in the third weak of
lactation stage. With the advanced of lactation stage, milk fat increased while milk
protein decreased due to the requirement of pups growth. Both moisture /total sol-
ids and Ca/Pi ratios were almost 2:1 while Ca/Mg ratio was ranged between 12-
14:1. The high values of milk energy were in the 5th week due to high fat content
and in the colostrum due to high level of protein.

Milk Na concentration increased while milk Mg concentration decreased gradu-
ally, from colostrum to 5th week of lactation stage. Milk of NZW does contained
more Ca and P(inorganic), especially in the first two weeks of lactation period,
than did the milk of the CAL. Milk from CAL does contained more total solids (
fat and protein) and consequently milk energy than that of NZW ones ,especially,
during the last 2 weeks after parturition.

When comparing milk composition between milk from cows and milk from rab-
bits, it is interesting to observe that milk total solids in rabbits milk was 33% i.e.
equal to 3 times of that in milk cows (11%). Rabbitis milk fat was 15% i.e. 5 times
of the fat percentage in cowis milk. Similarly, the percentage of rabbitis milk pro-
tein ranged between 13-16%, which equal to 4 times of the percentage of protein in
milk cows. However, the opposite was true in lactose concentration, since the % of
lactose in rabbitis milk was half that percentage in milk cows.

Composition of rabbitis milk declared how effectively of the low quantity of
milk supplies the nutrients to the pups and satisfies, the large number of litter,
which sometimes, reached to 15 kids.
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Fig. (1): Rabbit’s major components as affected by lactation stage (weeks) in each of NZW and
CAL breeds.
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