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Introduction Zinc is part of more than 300 enzymes involved in immunity, metabolism, growth and reproductive
functions. This element is essential for the metabolism of nucleic acids, proteins, carbohydrates, the development and
proper functioning of immune cells. Therefore, zinc deficiency can affect the performance of animals by reducing
appetite and growth and immune system disorders.

Fat supplementation in milk replacer or starter diets has been suggested to improve the energy density of calf diets.
Linoleic and alpha-linolenic are two essential fatty acids precursors of eicosanoids, important molecules in regulation
of inflammation. Eicosanoids derived from linoleic acid has the inflammatory effects, while Eicosanoids derived from
alpha-linolenic acid has anti-inflammatory effects. Adding alpha-linolenic acid in the form of Ca-salt of flaxseed oil
to calf starter improves daily weight gain and feed efficiency. It seems to decreasing the ratio of linoleic acid to alpha
linolenic acid in the diet have positive effects on the health and immune system of dairy calves.

Zinc has a direct effect on modulating the activity of desaturase enzymes in fatty acid metabolism and also indirectly
affects the absorption, oxidation and composition of fatty acids. In addition, zinc participates in the structure of
superoxide dismutase, which is an important enzyme in the oxidative process of lipids. Free radicals reaching the
cytoplasm are neutralized by this enzyme. The aim of this study was to evaluate the effect of organic supplementation
of zinc and dietary Ca-salt of flaxseed oil on growth performance, health status and some blood parameters of Holstein
calves.

Materials and Methods A total of Twenty-eight 3-day-old female Holstein calves with a starting average weight
of 35.7+2 kg were used based on a completely randomized design with a 2x2 factorial arrangement of treatments and
7 replications per treatment for 49 days (before weaning). The experimental treatments were: 1) Control (CON), 2)
diet containing 0.1% Zn-methionine supplement (+Zn), 3) diet containing 2.5% Ca-salt of flaxseed oil supplement
(+Fat) and 4) diet containing 2.5% Ca-salt of flaxseed oil supplement with 0.1% Zn-methionine supplement (+Fat
+Zn). The calves were housed in individual pens and fed with whole milk and had free access to the feed starter and
water. Milk was offered 4 L/d in two equal meals daily at 07:00 and 19:00. All the calves were weighed at the
beginning of the experiment and days 14, 28, 42 and 49. Daily weight gain and feed efficiency (gain to feed) were
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calculated. Apparent digestibility was determined by the internal marker method of acid-insoluble ash. Changes in
skeletal growth and health scores from birth to 42 days were recorded. Blood samples were collected from the jugular
vein on last week of the trial (3 h after the morning feeding). Blood parameters data were analyzed using the PROC
GLM procedure of SAS (9.1v). Repeated measured data (body weight, feed intake and feed efficiency) were analyzed
using the PROC MIXED procedure and health scores were analyzed using a multivariable logistic mixed model
(GLIMMIX). Significance among treatments was determined by the Tukey test and results were considered as
significant the P-value was less than 0.05.

Results and Discussion This study results showed that the use of Zn-methionine and Ca-salt of flaxseed oil had
no significant effect on dry matter intake and growth performance. Daily weight gain tended to increase from day 29
to day 49 in treatments containing fat supplement. Fat supplementation increased dry matter and organic matter
apparent digestibility. Addition of zinc-methionine supplement to diets had no effect on apparent nutrient digestibility.
Skeletal growth indices did not affect by dietary treatments. Attitude score, nasal discharge, days with fever, days with
diarrhea and days with poor attitude were not affected by experimental treatments. Ca-salt of flaxseed oil reduced
rectal temperature and improved fecal consistency. Organic Zn did not improve calf health status. Decreased rectal
temperature as a result of consuming the source of alpha-linolenic acid may be due to the effects of alpha-linolenic
acid and its derivatives eicosanoids in reducing the incidence of inflammatory responses. Interaction among fat and
Zn-methionine tended to affect alanine aminotransferase enzyme concentration. Zn-methionine supplement increased
the concentration of alkaline phosphatase. Alkaline phosphatase has four Zn element in its active site. This enzyme is
involved in calcium absorption and animal growth and is considered as indicator of Zn status. The increase in alkaline
phosphatase concentration in the present study can be attributed to the increase in zinc uptake from the source of the
organic zinc-methionine.

Conclusion It seems that feeding of Ca-salt of flaxseed oil with high levels of unsaturated fatty acids in dairy
calves have a positive effect on calf health status and apparent feed digestibility.
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Table 1- Ingredients (% of dry matter) and chemical composition of experimental diets
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o3 s3] Lol 0P =R OBt o2
Ingredient CON +Zn +Fat +Fat +Zn
¥ : 11 11 11 11
Barley grain, ground
S 49.7 49.6 47 46.9
Com grain, ground
by o 36 36 36.2 36.2
Soybean meal
LS gy oS K
O OF9)
Ca salt of flaxseed oil 0 0 25 25
o Slo S o
Sodium bicarbonate 08 08 0.8 08
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Y P
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Vitamins and minerals premix
Chemical composition
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(320)9) P& (39
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(op) Pl 22
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(103) yind 77 77 7 7
Phosphorus (%) 0. 0. 0.76 0.76
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Net energy growth (Mcal/kg of DM)
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1 Ca-salts of flaxseed oil, Persiafat, Kimiya Danesh Alvand Co. Iran., contained 84% fat and 9% Ca (0.16% C140, 5.74% Cis,
0.18% Cas:1, 4.3% Casgo, 18.88% Cus:1, 14.15% Cug:2, 55.95% Cig:3, 0.64% other).
2 Availa Zn-120, Zinpro Corporation, USA, Containing 120 g Zn per Kg DM.
% The supplements including: 800,000 IU vitamin A, 150,000 IU vitamin D, 2,000 IU vitamin E, 2 g antioxidant, 160 g Ca, 20 g
P, 40 g Mg, 4 g Mn, 3 g iron, 3 g copper, 3 g zinc, 80 mg iodine, 50 mg cobalt and 60 mg of selenium per kg DM.

By ns 03l g Slygd By o ¢y (yjg) 089 )T laodld Laouls (s Lol Jalad g aajad
M Cun sy 4 by slaodly g Mixed a9, L (S1)55 GLM ay, il oslitwl b g5 slaasiwlp 4 by e slaosls



VOV sh)y o, hes p gLl pué (22 B9l W0 1 (rdguio (535 JoSo (399331 il

3901y B9y ymais 5 (2 (iSon p & ladllas 485 &9
2 Oliee b cdy o laml o Cuwd 0 AL ool HlyE L yp
Gyan g 485 )15 15b Cov jie gy Sy o 13 25290
odblive (glas i Jg (Allen, 2000) s4i dgi0me Suis odlo
i sloysy S Sob ) odlisul b bl ol b 38lge A
Span e ) (Joli 0y 2o )3 93 Glise 4 (2lo g g glud]
i ol e (£35S 5 dny g B Al usgS Sis oole
Hill etal., ) Ko g L& (e (Jolazadeh et al., 2019)
ban 2 sl ol o Byae w08 315 5 (2015
St 3 ool Bpas p b e lodlls 55 3 bgw (489,
s e GByae b St oolo Byume yinlS Ll )3 3
Ghasemi et al., ) cwl oo (5)]55 ballwgS o )d balxe
s JS e s 4 Wlgi e bl 55 @glis Yiazs] (2017

A8l (Bpan b lade 1> ol g 0y ol (S0l 0y

SAS (o)Ll 58l p5 GLIMMIX a5 5l odliz ol b bl S
VXV ysSTe i b doload SIS gyl B 5 (1Y) asud)
Bl 5:0ke aolio ez NS )5 Julod 5 4 525 390
7L dlarly ) (o)l ine g 9 45 odlizl (S gl 5] ey e

RGPV SR RV PSP

iy o ySlas g S sule U pae
Srae g (2 JoSo 9 (igstem 59y JoSo il o2lal gl
G L odds &Y Jodo 30 bl 65 ad ) 3 Slee 5 S 5 00k
S g Cpdguia— 89y JoSo (13938 48 3> Lk 5 ol s b gl
(St o3le Bpan 1 (50 Ll (iSamys 5 (S (i) (ooredlS
<313 allogs Sy B pas 03l g ailig) (19 LRl o 039
st lslass 55 (Siey YA U YA ailjsy gy Slél ol

JoSo (9 o los 4 s (ST (45 Lol S JoSe

alluosS Ay 3,Skas 5 b ypas St odlo p oialejl (sloop 13U =Y Jga
Table 2- Effect of experimental diets on dry matter intake and growth performance of calves

loyles
Treatments P- value

390 Sl OB 89) w2 OPEem S T 2
Lo CON 7 TFat Eat 471 SEM Fat Zn FatxZn
(39 2 PS5ES) (Bpan S odlo
Dry matter intake (kg/d)
VALY 55 177.0 190.9 1928 202.9 279 062 067 094
Day 3- 28
¥a b ya 39,
Dy 2630 559.7 602/4 633.0 601.6 536 050 091  0.49
YAEY 9 368.4 396.7 412.9 402.3 377 051 081 061
Day 3- 49
(P55k5) o i
Body weight (kg)
¥ 35 355 36.0 352 355 101 071 074 092
Day 3
VA 3s) 416 42.2 42.2 4158 126 094 092 066
Day 28
Y2 59, 52.1 53.0 54.4 53.7 177 032 093 059
Day 49
(595 2 P25 5k5) #l39) i el
Average daily gain (kg/d)
VALY 59, 0.241 0.250 0.278 0.251 0.034 059 080 060
Day 3- 28
¥a b ya 39,
Day 2630 0.420 0.430 0.486 0.477 0035 010 098 077
YALY g 0.330 0.340 0.382 0.364 0029 011 086 054
Day 3- 49
Shhgs Spae o3l
Feed efficiency
VALY 59, 0.322 0.320 0.362 0.321 0042 062 060 065
Day 3- 28
¥a b ya 39)
Day 2630 0.401 0.397 0.401 0.424 0026 061 073 061
YT 5 0.365 0.370 0.390 0.380 0021 040 094 094
Day 3- 49

Means within same row with different superscripts differ (P<0.05).
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Table 3- Effect of experimental diets on nutrients apparent digestibility (%)

L jlogs

Treatments P- value
el i 0Py G2 Gheent @2 SEM Rt zn Fatxzn
Item CON +Zn +Fat +Fat +Zn
S oole 578"  60.9% 65.42 66.4° 2.44 001 041  0.66
Dry matter
Sl 52.3 56.2 67.8° 68.5° 254 <0001 036 053
Organic matter
P ofon 64.9 66.4 711 715 373 016 084 084
Crud protein
7l osbas 525 53.8 56.7 56.5 3.62 035 087  0.83
Ether extract
S oz )3 Jolonall SUJI 57.2 5.8 56.2 63.8 415 067 014 048
Neutral Detergent Fiber
el oz o Jooual S ) 47.9 46.7 50.1 4.24 036 022 079

Acid Detergent Fiber

Means within same row with different superscripts differ (P<0.05).
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Table 4- Effect of experimental diets on structural growth of calves (cm)

290
Item

b jloss
Treatments

Jals
CON

OPgeT($9) =R

+Zn

+Fat

OB St 22
+Fat +Zn

SEM

P- value

Fat

Zn

FatxZn

ON )l
Wither height
A1)

Day 3
ARSI

Day 49
b )|
Hip height
¥ 59,

Day 3
AR}

Day 49
GuR 42)e
Hip width
Y 59,

Day 3
AR}

Day 49

o Jsk
Body length
Y 59,

Day 3
ARSI

Day 49
Heart girth
Y 59,

Day 3
AR}

Day 49

ON Ges
Body barrel
Y 59,

Day 3
ARSI

Day 49

75.85

83.42

79.12

87.71

13.57

17.71

48.71

53.57

78.57

87.14

81.00

95.85

76.57

83.39

79.85

88.14

14.00

18.14

49.04

53.42

78.28

88.42

80.57

95.57

77.00

83.00

80.14

87.85

13.42

18.28

47.71

54.28

78.77

88.57

80.40

96.00

75.50

82.00

78.85

87.60

13.40

18.20

47.30

52.90

77.57

88.60

80.14

96.14

0.81

0.89

0.75

1.25

0.60

0.53

0.90

1.03

0.72

1.28

0.64

1.96

0.95

0.12

0.99

0.24

0.55

0.60

0.08

0.94

0.50

0.54

0.51

0.85

0.54

0.27

0.65

0.34

0.72

0.79

0.92

0.37

0.23

0.62

0.59

0.97

0.12

0.25

0.11

0.20

0.75

0.59

0.52

0.45

0.50

0.60

1.00

0.91

(P</-) 23l o inn OS] ) alin E gy b sy o 53 agSibe

Means within same row with different superscripts differ (P<0.05).
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Table 5- Effect of experimental diets on health status of calves

o

Treatments P- value
2,9 wo o OSESY e oo on @ SEM Fat zn Fatxzn
Item CON +Zn +Fat +Fat +Zn
< 5 "
L7 sl 2sie (sle> 38.93 38958  38.67° 38.73b 009 004 047 064
Rectal temperature (°C)
£ode sl 0.40° 0.36% 0.27° 0.29° 005 004 077 050
Faecal score
adls el 0.33 0.27 0.26 0.35 0.07 0.92 0.80 0.13
Attitude score
e Ol 3 0.35 0.31 0.32 0.32 0.04 052 0.26 0.26
Nasal discharge
5 lajg, 3.28 3.14 2.14 2.28 098 0.32 1.00 0.88
Days with fever
Jleg! (slajg, 6.00 5.42 4.64 5.00 1.30 050 0.93 0.72
Days with diarrhoea
s s glajg, 10.18 8.71 6.85 7.28 2.33 0.69 0.20 0.52

Days with poor attitude

Means within same row with different superscripts differ (P<0.05).
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Table 6- The effect of experimental diets on blood parameters of calves

o

Treatments P- value
o WIS e WSy Y@ gEM Rt zn Fatxzn
Item CON +Zn +Fat +Fat +Zn
(e 2 S k) 3555 82.0 84.3 85.5 89.0 420 020 037 0.86
Glucose (mg/dl)
(i 2 5 ee) gl 90.2 91.4 95.4 96.3 657 044 089 097
Cholesterol (mg/dl)
(7 g p ko) 2S5 594 408 46.2 458 502 024 090 0.83
Triglyceride (mg/dl)
(w2 2 25) S5 05z 5.83 6.01 6.23 5.81 030 074 068 0.33
Total protein (g/dl)
2 PS5 ke) 09 slosl (ks
(2 o 26.8 274 243 25.6 281 045 072 0.91
Blood urea N (mg/dl)
(5 2 20lg) jblins (JISUT
Alkaline phosphatase 8.14° 10.212 8.00° 11.702 073 036 <0001 027
(units/1)
(5 2 219) 3yl 5 ginal U lons]
Aspartate aminotransferase 447 42.6 43.0 48.6 5.75 0.71 0.75 0.51
(units/l)
(5 32 22l9) 3yl Sgial (Y]
Alanine aminotransferase 23.7 30.0 28.2 25.5 3.6 0.42 0.57 0.08

(units/1)

Means within same row with different superscripts differ (P<0.05).
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