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Abstract: [Objective 1 The purpose of this survey was to study the zinc (Zn) contents in various feed ingredients from different
provinces and the basal diets of pigs and chickens in China, so as to provide a scientific basis for the reasonable addition of Zn in the
livestock and poultry’s diets. [ Method JA total of 37 kinds of 3 919 feed samples from 31 provinces, municipalities and regions were
digested by microwave, and then the Zn contents were measured by IRIS Intrepid I plasma emission spectrometer. The feed samples
fall into seven types: cereals (corn, wheat, rice and barley), cereal by-products (broken rice, wheat middling, wheat bran, rice bran,
corn DDGS, wheat DDGS, corn germ meal and corn gluten meal), plant protein ingredients (extruded soybean, soybean meal,
rapeseed meal, cottonseed meal, peanut meal, linseed meal and sunflower seed meal), animal protein ingredients (fish meal, meat
meal, hydrolyzed feather meal, dried porcine solubles, plasma protein powder and dried blood cells), straw ingredients (corn straw,
sweet potato vine, rice straw and wheat straw), pasture ingredients (Leymus chinensis, ryegrass, alfalfa and corn silage) and mineral
ingredients (limestone, dicalcium phosphate, oyster shell meal and bone meal). [Result] The results showed that the average Zn
contents of these 37 kinds of feed ingredients ranged from 5.5 to 268.2 mg'kg”, and the distribution of Zn contents in different
species of feed ingredients was as follows: mineral ingredients (107.8 mg-kg')>>animal protein ingredients (69.8 mg-kg™)>plant
protein ingredients (54.9 mg'kg™')>cereal by-products (43.0 mg-kg")>pasture ingredients (26.4 mg-kg")> cereals (22.7 mg-kg™')>
straw ingredients (18.8 mgkg™). Among the same kind of feed samples, there were significant differences (P<<0.05) in the Zn
contents from other six types of feed ingredients except pasture ingredients. In the mineral ingredients, the highest and lowest Zn
contents were observed in the dicalcium phosphate (268.2 mg-kg™) and limestone (7.3 mgkg™), respectively; in the animal protein
ingredients, the highest and lowest Zn contents were observed in the hydrolyzed feather meal (120.8 mg'kg™") and dried blood cells
(19.6 mg'kg'l), respectively; in the plant protein ingredients, the highest and lowest Zn contents were observed in the linseed meal
(85.2 mgrkg™) and extruded soybean (38.9 mg-kg™), respectively; in the cereal by-products, the highest and lowest Zn contents were
observed in the wheat bran (86.2 mg'kg™) and broken rice (12.5 mgkg™), respectively; in the cereals, the highest and lowest Zn
contents were observed in the wheat (30.4 mgkg"') and corn (16.9 mg-kg™), respectively; in the straw ingredients, the highest and
lowest Zn contents were observed in the rice straw (27.6 mg-kg™) and wheat straw (5.5 mg-kg™), respectively. Regional comparison
of Zn contents on a basis of provinces (regions) were made for Zn contents of corn, wheat and soybean meal, showing a significant
effect (P<<0.05) of regional environments on Zn contents of the same ingredient. The highest and lowest Zn contents of corn were
observed in Guangdong (20.6 mg-kg™) and Jilin (13.7 mg-kg™) provinces, respectively; the highest and lowest Zn contents of wheat
were observed in Sichuan (41.4 mg-kg") and Gansu (22.4 mg'kg™") provinces, respectively; the highest and lowest Zn contents of
soybean meal were observed in Shanxi (51.5 mg'kg™) and Jiangsu (46.6 mg-kg™) provinces, respectively. Calculated Zn contents in
basal diets from 142 common formulations of pigs and chickens in our country ranged from 21.3 to 31.0 mgkg™. According to Zn
requirements of pigs and chicks from feeding standards of China and NRC of United States, the Zn contents in the basal diets could
provide about one-fourth and one-second of the recommended Zn requirements for pigs and chickens in growing and finishing phase,
respectively. [Conclusion] Results showed that the Zn contents in feed ingredients varied greatly among different kinds and regions,
and the Zn contents in basal diets from common formulations of pigs and chickens could partly meet the nutrient requirements of
pigs and chickens. Therefore, the Zn contents in basal diets from different regions should be considered in the preparation of diets, so
as to meet the need of efficient production of livestock and poultry and to reduce supplemental Zn level and environmental pollution
caused by Zn emission.
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Table 1 Distribution of Zn contents in cereals and cereal by-products (air-dry basis)

Fih 4 B XD H P AL B
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mg-kg™)
FK Corn 29 1152 16.9+2.6D
/N Wheat 27 244 30.4+6.7A
TE4r Rice 29 202 20.24£3.2C
K7 Barley 14 29 24.8+53B
P {H P value <0.0001
BAARFEIME Total average 22.7
K Broken rice 19 52 12.5+1.8de
YK Wheat middling 18 45 49.8+15.6bc
/N %k Wheat bran 24 110 86.2+14.0a
KA Rice bran 22 117 38.7+10.5¢
Tk DDGS Corn DDGS 13 92 44.946.0bc
/N4 DDGS Wheat DDGS 4 16 35.1+8.6¢d
FKMEZERT Corn germ meal 7 49 45.2+8.5bc
EKE MK Corn gluten meal 17 88 14.3+4.7de
P{H P value <0.0001
AT IME Total average 43.0

FIZVEER AN RS P BER R B SER bR ZE 5 B2 (P<<0.05). [RIBIEHRAN /NG - BER R A WK 9 LA™ SRR 22 7 3 (P<<0.05). &5
R PRI

Means lacking a common capital letter within the same columns are significant difference among the zinc contents in the feedstuffs of cereals (P<<0.05). Means
lacking a common small letter within the same columns are significant difference among the zinc contents in the feedstuffs of cereal by-products (P<<0.05).
Results are expressed as mean =+ standard deviation

F2 HEYEEAFARGTHESES T THEAD
Table 2  Distribution of Zn contents in plant protein feeds (air-dry basis)

EATES A Gl XD # AL TR
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mg-kg™)
AL K G Extruded soybean 13 98 38.9+3.9d
A1 Soybean meal 23 336 49.1£1.6cd
SEAFHI Rapeseed meal 20 55 61.2+7.9b
F§#1 Cottonseed meal 14 106 56.5+8.2bc
164 Peanut meal 11 49 61.6+9.0b
VERRH Linseed meal 3 19 85.24+46.2a
LM Sunflower seed meal 3 15 68.0+28.6b
P {H P value <0.0001
MASFHAME Total average 54.9

[FSIE AR NG FRERRZER B (P<0.05). SRER: THHebRMEZE . NRIF
Means lacking a common small letter within the same column are significant difference (P<<0.05). Results are expressed as mean + standard deviation. The
same as below

(120.8 mg-kg") , MEREE 18y %A (19.6 mgkg™) 5 mgkg) s BYI IR PR R 107.8 mgkg
FEFFRGRL R T B B i 18.8 mekg !, HLHEAE  HPBRRAS IS B (2682 mgkg!) , A
RS R (27.6 mgkg) , NERFEM (55 B EMG (7.3 mgke) .
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Table 3 Distribution of Zn contents in animal protein feeds (air-dry basis)

Y # %) % Fibiv i Beorht
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mgkg™)
ff) Fish meal 14 57 76.9+27.5b
¥ Meat meal 12 24 97.4+29.6ab
JKAFPI Xy Hydrolyzed feather meal 16 34 120.8+28.4a
M R (¥ Dried porcine solubles 3 9 100.7+16.8ab
IM3E A 1k Plasma protein powder 11 23 21.1£23.0c
IMERE 18 Dried blood cells 16 28 19.6+3.0c
P {H P value <0.0001
SR E Total average 69.8

R4 BHEEABMDPEIESH OCTIAD

Table 4 Distribution of Zn contents in straw feeds (air-dry basis)

P4 A Gl K # B AL B
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mgkg™)
FKAY Corn straw 29 83 19.0£9.7b
H 7 Sweet potato vine 12 21 22.149.1ab
AR Rice straw 28 82 27.613.0a
/NEERE Wheat straw 22 53 5.5+4.4¢
P {f P value <0.0001
JSASFH4{E Total average 18.8

x5 WEXARDPHEIENMH KTIHAD
Table 5 Distribution of Zn contents in pasture feeds (air-dry basis)

Fih 4 B KD # Fah P
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mg-kg™)
¥ Leymus chinensis 7 34 24.7+14.7
MEE Ryegrass 16 72 32.3+27.7
HAE Alfalfa 25 93 25.9+15.0
FH K Corn silage 23 87 23.4+13.2
P 1t P value 0.493
SR E Total average 26.4

R6 FWHERARTESESH AT

Table 6 Distribution of Zn contents in mineral feeds (air-dry basis)

RS A G, KD 3 AL B
Name of samples No. of provinces (municipalities, regions) No. of samples Zn contents (mgkg™)
£} Limestone 18 65 7.3+5.6¢
R %45 Dicalcium phosphate 13 45 268.2+170.0a
158K Oyster shell meal 5 9 14.2+£18.6¢
‘H¥ Bone meal 15 28 120.4+22.1b

P {H P value <0.0001

SR E Total average 107.8
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Table 7 Distribution of Zn contents of corn, wheat and soybean meal in some provinces (regions) of China (mg-kg, air-dry basis)

B (X)) %4 E Seain B (X)) 4 INZRE SR B (X)) 4 SIS R
Name of provinces Zn contents of corn |Name of provinces Zn contents of wheat|Name of provinces Zn contents of
(Regions) (Regions) (Regions) soybean meal
J"74 Guangxi 20.6+4.9(36)a PU)II Sichuan 41.4+6.3(8)a 117 Shanxi 51.5+1.4(4)a
7% Shandong 20.5+3.4(54)a W4t Hubei 30.5+4.6(8)b FHAK Jilin 51.1£3.5(11)ab
4t Hebei 20.2+4.9(55)a YLJ5 Jiangsu 28.6+3.8(16)bc 7 Henan 51.0+1.6(15)ab
5t/ Guizhou 19.8+1.2(39)a 2 Anhui 27.8£5.2(14)bed  ||Z 1 Anhui 50.1+2.3(18)abc
W4k Hubei 18.5+2.5(38)b 75 Henan 27.8+£6.7(26)bed  |ii]dL Hebei 49.6+3.3(27)abed
PU Il Sichuan 18.2+2.3(44)b et Shaanxi 26.9+6.0(9)bcd  ||iLT* Liaoning 49.5+1.1(22)abed
2F Yunan 17.744.1(27)bc  |[thP4 Shanxi 26.8+8.3(14)bed  |¥#dt Hubei 49.1+3.0(10)bede
ZH Anhui 17.6+3.6(44)bc |14 Shandong 26.5£5.3(14)bcd  ||P4)I] Sichuan 49.0+1.8(8)bede

[’ Henan
74 Shanxi
%7 Shaanxi
YLJ5 Jiangsu
i) Liaoning
Hill Gansu
M JEIT. Heilongjiang
Bl Xinjiang
P57 Inner Mongolia
K Jilin
P {H P value

SASEIME Total average

17.242.6(54)bed
17.123.1(83)bed
16.6+4.3(41)cde
16.122.4(46)de
15.3£2.6(53)ef
14.4+3.6(42)fg
14.4£2.1(78)fg
14.33.3(48)fg
13.8+1.1(52)g
13.7£2.1(60)g
<0.0001

16.8

Bl Xinjiang
4t Hebei

Hifi Gansu

P {H P value

MAASFHA{E Total average

24.9+7.4(10)bed
24.3+4.7(19)cd

22.4+5.7(9)d

<0.0001

27.9

7% Shandong
HIJEIT Heilongjiang
P45 17 Inner Mongolia

YLJ5 Jiangsu

P {H P value

SAFEIME Total average

48.4+2.5(20)cdef
47.6£2.2(50)def
46.9+3.8(30)ef

46.6+0.6(15)f

<0.0001

48.7

FE5 N IIECE W FE A2 Number of samples in parentheses
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Table 8 Zn contents in basal diets for pigs and chickens in China (air-dry basis)

(ap Nyt ¥ Pigs ¥ Chickens
Type of diet WIS i (LR i

No. of formulas Zn contents (mg-kg") No. of formulas Zn contents (mg-kg")
FK-FH] Corn-soybean meal 25 24.9£3.9 22 21.3£1.1
FK-1FFH Corn-oilseed meal 15 24.2£1.9 20 21.7£1.2
Z4-5 K Cereals-soybean meal 23 27.0£3.2 16 26.7£2.2
ZA-MIFFH] Cereals-oilseed meal 16 31.042.5 15 25.7£1.7

I EAREZ  Results are expressed as mean + standard deviation
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