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Abstract Eighteen lactating dairy cows were used to compare the effects of organic and
inorganic Zn supplements on milk production and chemical composition of milk. Animals
received three diets in a randomized block design: basal diet with no supplemental Zn
(control, 42 mg Zn/kg), basal diet plus 500 mg Zn/kg of dry matter (DM) as zinc sulfate
monohydrate (ZnS) and basal diet plus 500 mg Zn/kg of DM as zinc methionine (ZnM).
Results showed that milk and fat-corrected milk yield in dairy cows were not significantly
affected by Zn source although a numerical increase was observed. The percentages of
protein, lactose, fat, solid nonfat, total solid, and density of milk were not significantly
different between treatments. However, dairy cows that received ZnM tended to produce
more milk and fat-corrected milk with a lower somatic cell count as compared to controls.
The zinc concentration in milk in the ZnM and ZnS groups was higher (P<0.05) than in
milk from the control group, but there were no significant differences between ZnS and
ZnM groups.
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Introduction

Deficiency of Zn in soils of subtropical areas, including Iran, is common, and this
phenomenon affects zinc content of feed crops and thereby also dietary Zn levels for farm
animal species [1]. Zinc is an essential element for animals, functioning largely or entirely
in enzyme systems and being involved in protein synthesis, carbohydrate metabolism, and
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many other biochemical reactions [2, 3]. This element is important in maintenance of health
and integrity of skin and epithelial tissue, such as tissue of udder, because of its role in cell
division and protein synthesis [4, 5]. Together, low zinc status leads to low milk quality
with high somatic cell count (SCC) and increased incidence of mastitis [6].

The most widely used products for zinc supplementation are inorganic (zinc sulfate and zinc
oxide), and recently, organically bound zinc supplements are being used in animal diets.
Knowledge of organic Zn compounds is still incomplete. Some researchers suggested that
supplementing certain organic forms of zinc improve production responses compared with
those observed in ruminants that are supplemented with inorganic zinc [7, 8]. In particular,
there is a lack of reports on the effect of such compounds in roughage-based diets, and only a
limited number of studies have investigated the importance of zinc methionine in dairy cattle.

Therefore, the present study was conducted to compare organic (zinc methionine) and
inorganic (zinc sulfate) zinc sources effects on production and composition of milk. The
objective included to determine the effects of different zinc sources on zinc concentration in
milk.

Materials and Methods

Experimental Animals and Diets

Eighteen Holstein cows were used in the present experiment. Animals were housed in
individual stalls and fed the experimental diet as a total mixed ration (TMR) at 0800 and
2000 hours ad libitum. This experiment was started in the first phase of lactation (35±
3 days after parturition). One week was used for adaptation to treatments before day35 of
lactation and the follow-up of the cows was 8 weeks. The TMR detailed in Table 1 were
formulated to meet National Research Council (NRC) [9] requirements.

The cows were blocked by parity where nine primiparous and the other nine were in
their second and third lactation. Treatment groups received (1) the basal diet with no
supplemental Zn (control), (2) basal diet plus 500 mg Zn/kg dry matter (DM) as ZnSO4.
H2O (ZnS), and (3) basal diet plus 500 mg Zn/kg DM as zinc methionine (ZnM). Zinc
content of the control diet was 42 mg/kg diet DM.

Measurements

Feed intake after weighing feed refusals was recorded, and dry matter intake was calculated
daily. TMR diets were analyzed for CP by the Kjeldahl procedure [10] and for neutral
detergent fiber and acid detergent fiber according to Goering and Van Soest [11]. To
determine the concentration of Zn, diets were dried at 60°C and dry ashed at 550°C for
12 h. The samples were digested in HCl and filtered through ash free Whatman 42 paper
[12]. Zn concentration in all samples was determined by flame atomic absorption
spectrophotometer (Chemtech, Analytical CTA-2000, UK).

Cows were milked thrice daily, and milk weights were recorded daily throughout the
lactation experiment. After adaptation period, milk samples were taken at days1 and 2 of
experiment (week0) and at weeks of 2, 4, 6, and 8. These samples were collected from each
milking on 2 days and analyzed for milk composition. Milk samples were analyzed for fat,
protein, lactose, total solid, and somatic cell count (Micro Scan; FOSS Electric A/s,
Denmark). To determine concentration of zinc in milk samples, 50 mL of 24% (w/v)
trichloroacetic acid was added to 5 mL aliquot of milk in each sample and was diluted to
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100 mL volume with deionized water. These samples were shacked at 5-min intervals and
filtered for 30 min. Five-milliliter aliquot of the filtrate was transferred to a 50-mL
volumetric flask, and 1 mL of 5% (w/v) lanthanum solution was added and the volumetric
flask was filled to volume with deionized water [13] then was read on a atomic absorption
spectrophotometer (Chemtech, Analytical CTA-2000, UK).

Statistical Analysis

The data were analyzed using the mixed procedure of SAS (9.1) for a block randomized
design with repeated measures. The statistical analysis of the differences between groups
was determined with analysis of variance and significance of differences with Duncan’s

Table 1 Ingredient and Chemical Composition of Experimental Diets

Control ZnS ZnM

Ingredient (%, as DM)

Alfalfa hay 15 15 15

Corn silage 23 23 23

Corn, ground 25 25 25

Soybean meal 18.50 18.50 18.50

Beet pulp 14 13.86 13.50

Protected fat 3 3 3

Urea 0.2 0.2 0.2

Dicalcium phosphate 0.3 0.3 0.3

Salt 0.3 0.3 0.3

Trace minerals and vitamins premixa 0.7 0.7 0.7

zinc sulfate monohydrateb – 0.14 –

zinc methionineb – – 0.5

Calculated chemical composition (as DM)

Dry matter (%) 65.15 65.15 65.15

Undegradable protein (%) 36.30 36.30 36.30

Net energy of lactation (M cal/kg DM) 1.60 1.60 1.60

Non fiber carbohydrate (%) 43.6 43.3 43.7

Calcium (%) 1.00 1.00 1.00

Phosphorus (%) 0.40 0.40 0.40

Sodium (%) 0.22 0.22 0.22

Chloride (%) 0.40 0.40 0.40

Analyzed chemical composition (as DM)

Crude protein (%) 16.80 16.80 16.90

Neutral detergent fiber (%) 30.70 30.70 30.70

Acid detergent fiber (%) 18.80 18.80 18.80

Zinc (mg/kg) 42 542 540

a Premix composition per kilogram: vitamin A, 500,000 IU; vitamin D3, 10,000 IU; vitamin E, 100 mg; Ca,
190,000; P, 90,000; Na, 50,000; Cu, 300 mg; Fe, 3,000 mg; Mn, 2,000 mg; I, 100 mg; Co, 100 mg; Se, 1 mg;
Mg, 19,000 mg; BHT antioxidant, 3,000 mg
b Zinc sulfate monohydrate (0.14%) and zinc methionine (0.5%) were substituted for beet pulp to provide
500 mg/kg Zn
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test. Differences were considered statistically significant when P<0.05 against control
group. All the values were presented as least square mean±standard error of the mean.

Results

Feed Intake

Dry matter intake in the C, ZnS, and ZnM group were 25.86, 25.96, and 26.02 kg/day,
respectively. The numerically higher DM intake in the ZnM and ZnS groups compared with
the C group was not statistical significant (P=0.98).

Production and Composition of Milk

There was no significant difference between treatments in milk yield (Table 2); however,
milk production in dairy cows that received ZnM was numerically increased (4.7%/1.5 kg,
P=0.88) compared with the control group (P=0.88). Moreover, fat-corrected milk yield
tended to increase (7.6%/2.3 kg, P=0.77) in the ZnM than other groups. Figure 1 shows
when comparing raw milk production between treatments at different periods of the
experiment, ZnM group produced the highest amount in weeks2 and 4, whereas in week8,
the ZnS group had the highest raw milk yield (P>0.05). However, there were no significant
differences between treatments on milk yield in any of the periods. But with comparing
corrected fat milk (FCM) between treatments, ZnM group increased amount of FCM yield
at the last of experiment (week8) numerically.

The percentages of protein, lactose, fat, solid nonfat, total solid, and density of milk were
not significantly different between treatments; even though not significant, the mentioned
factors except from fat were numerically higher in the ZnM group compared with the other
groups (Table 2). Yield of fat, protein, and lactose in milk showed that there was no
significant difference between treatments; however, lactating dairy cows fed ZnM had

Table 2 Effects of Zn Sources on Production and Composition of Milk

Parameter Treatments SEM P

C ZnS ZnM

Raw milk (kg/day) 31.4 31.5 32.9 2.3 0.88

4% fat-corrected milk (kg/day) 31.0 30.9 33.3 2.6 0.77

Fat content (%) 3.94 3.98 3.89 0.11 0.85

Fat yield (g/day) 1,228 1,336 1,244 114 0.77

Protein content (%) 3.06 2.97 3.11 0.09 0.34

Protein yield (g/day) 951 967 1,037 88 0.76

Lactose content (%) 4.55 4.63 4.74 0.07 0.48

Lactose yield (g/day) 1,460 1,479 1,575 124 0.78

Solid notfat (%) 8.34 8.34 8.59 0.11 0.25

Density 29.22 29.18 29.84 0.34 0.33

Total solid (%) 11.81 11.77 11.97 0.25 0.84

Log SCC (103cells/mL) 5.48 5.13 4.55 0.38 0.08

C control, ZnS zinc sulfate monohydrate, ZnM zinc methionine
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higher yield of these factors in milk (P>0.05) compared with the other groups. There was a
strong tendency (P=0.08) that ZnM supplementation reduced log SCC compared to control
treatment (4.55 vs. 5.48, respectively).

Concentration of Zinc in Milk

Effects of Zn sources on concentration of Zn in milk are shown in Fig. 2. Zinc
concentrations in milk from the ZnM and ZnS groups were higher (P<0.05) than the
control group (9.82 and 9.24 vs. 6.13 mg/L, respectively), but there were no significant
differences between ZnS and ZnM groups (P>0.05) for this factor.

Discussion

Production and Composition of Milk

Milk production in the ZnM group showed that cows fed 500 mg/kg organic Zn supplement
produced approximately 1.5 kg milk and 2.3 kg FCMmore milk per day than unsupplemented
animals. However, the effect was not statistically significant (P=0.88). Increase in milk
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production might be partially attributed to zinc’s role in the cell division and protein
synthesis, as increasing zinc can improve integrity of epithelial tissue, such as teats and udder
tissue [4]. However, the numerically higher milk yield in the ZnM supplemented cows may
mainly be a result of a numerically higher DM intake in this group.

In the present study, cows fed 500 mg/kg organic Zn supplement; somatic cell count on
average was reduced 52.93% compared with the control group (136.63 vs. 290.27×103

cells/mL, respectively). Previous researches reported that the magnitude of SCC reduction
was 42.6% when cows were supplemented a greater level of ZnM. In these studies,
lactating dairy cows were supplemented with ZnM at a range of 180 to 400 mg Zn/day per
head [14]. In the other study, cows supplemented with bioplexed zinc (300 mg Zn/day per
head) detected a somatic cell count drop by 45%, but the difference between groups was not
significant [15]. Part of the reduction in SCC can be attributed to improved immune
function by activating cell-mediated immune responsiveness [16, 17]. Another potential
factor contributing to reduction in SCC is zinc’s role in keratin formation. The keratin lining
of the teat canal entraps bacteria and prevents their upward movement into the mammary
gland [18, 19]. However, in the present study, the sample size did not have sufficient power
to detect differences in somatic cell counts in milk as well in milk yield and further research
in a larger number of cows are needed to clarify these points.

Concentration of Zinc in Milk

The mean Zn concentration in milk reported ranged between 2.3 to 6.6 mg/L [20]. In the
current study, lactating dairy cattle fed ZnM and ZnS had higher concentration of Zn in
milk (P<0.0001) compared with the control group (by 60% and 50%, respectively). This
agrees with Miller et al. [21] who detected after supplementation of 1,000 and 2,000 mg/kg
of Zn sulfate monohydrate resulted in significant increase in Zn concentration of milk (5.5
and 6.5 mg/L, respectively). Strusinska et al. [22] also found an increase in colostrum Zn
concentration by 3–10% when supplementing organic microelements. On the other hand,
Kirhgessner et al. [23] reported the results of an experiment in which they supplemented
2.2 gZn/animal/day in methionine form, detecting only an insignificant increase in milk Zn
concentration compared with the control (4.89 vs. 4.43 mg/L).

In this study, despite the diet was fortified at levels exceeded NRC [9] requirements,
some improvements in animal-production responses when supplementing organic Zn
source were observed.

Conclusions

Results from this study showed that supplementing 500 mg Zn/kg DM to dairy cattle
rations significantly increased zinc content in milk independent on zinc source.
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