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Summary

Three experiments were conducied to determine whether cobalt (Co) or nickel (Ni) could prevent
zinc (Zn) deficiency signs in pigs fed o high calcium (Ca) corn-soybean diet. The basal diet cantained
1.3% Ca, 93% phytic acid and means of 34 lo 48 ppim Zn. After weanling, pigs in experiment 1 were
fed the basal diet for 9 weeks, and was found that 50 ppm Co or Ni for § wecks increased average daily
weight gain (ADG) and veversed skin tesions foward ncrmal. These effecés were similar to those of
100 ppm supplemental Zn. The Zu content and alkaline phosphatase activity of serim from pigs supple-
mented with Co or Ni were higher at 2 weeks and 4 weeks (P <C.0S5) than those of the basal group. Zn
content of bone, liver and kidney, and alkaline phosphatase activity in bone were increased ufter 3
weeks of supplementation with Co or Ni. In experiments 2 and 3, addition of 54 ppm and 27 ppm cof
either Co or Ni increased (P << .05) ADG and decreased incidence of skin lesions except in one group
supplemented with 27 ppm Ni. Supplemental Co or Ni increased Zn in serum and alkaline phosphatase
activity in serum and bane in both experiments. Over all experiments, supplemental Co or Ni decreased
Zn deficiency signs in the Iollowing order of effectiveness: 54 ppm Co, $4 ppm Ni, 27 ppmy Co and 27
ppm Ni. The alleviation of signs of Zn deficiency by Co or Ni may have been the result of increased
availability of dictary Zn.

(Key Words: Zinc Nutrition Affected by Co and Ni)

Intraduction

Studies of Zn metalloenzymes have shown that
Co or Ni can substitute for Zn in numerous puri-
fied metalloenzymes in vitro {Vallee el al., 1958;
Harkness, 1968 Lehky et al., 1973 Vallee, 1973).
In vive, Ca can replace Zn in D-latic dehydroge-
nase of yeast {Curdel, 1966), alcohol dehydroge-
nase of yeast (Curde! and lwalsuba, 1968) and
RNA polymerase of E. coli (Speckhard et al,,
1977).

Pcor growth and severe skin lesions (parakera-
tosis) are lhe predominant gross signs of Zn
deficiency in pigs {Tucker and Salmon, 1955). For
the first time in 1969, Dahmer demonstrated that
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either Co or Zn stimulated growth and prevented
skin lesions in weanling pigs fed a high Ca, cosn-
soybean type diet.

To confirm and expand on the observations of
Dahmer (1969), three cxperiments wcre cone
ducted with to test whether Co and the
closely related element Ni prevent Zn defliciency
signs in pigs as measured by ADG, severity of skin
lesions, and Zn concentration and alkaline phos-
phatase (EC 3.1.3.1) activity in blood serum,
bane, liver, and Kidaey.

pigs

Materials and Methods

Three separate experiments were conducted
with pigs from carly wecanling to nearly market
weight. Fight pigs were assigned to each of eight
dietary treatmenis in the first experiment and
seven in the second and third, according to initial
weight, litter, breed and sex. In the first experi-
ment, Chester White, Poland China, Hampshire,
and cross-bred wecanling pigs averaging 16 kg
were used. Cliester White and Hampshire weanling
pigs (13.6kg) weie used for the second experi-
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ment, and Chester White and cross-bred weanling
pigs (1381 kg) in the third. All pigs received
adequate Zn beforc being placed on experiment.
They werc housed in adjoining wooden pens with
concrete floors and received diets ad libitum from
woaden feeders and tap water ad libitum from
iron troughs. The pigs apparently did not obtain
sigmificant quantities of 7Zn from the traoughs as
indicated by the severe Zn deficiency which
developed in the groups on the hasal dict,

The first cxperiment consisted of eight groups:
3 basal (to provide deficient animals for later re-
covery studies}; basal + 1 ppm Ni; basal + 10 ppm
Ni; basal + 10 ppm Co; basal + 50 ppm Co; and
basal + 100 ppm Zn. After 9 weeks when pigs
receiving 1 ppm Ni, 10 ppm Co and the basal
diets started showing signs of zinc deficiency; at
this time they were grouped and reassigned to the
second stape (9-f4weeks) following treatments
according to previous treatments, and Zo deficiency
signs such as growth rafe, serum alkaline phos-
phatase activity and skin lesions. Pigs from two
basal groups and the 1 ppm Ni group werc reallott-
ed in to basal, to a hasal + 50 ppm Co and basal +
100 ppm Zn, and pigs from the other basal group
and the 10 ppm Co group were realloited to a
basal and to a basal + 50 ppm Ni group. To
evaluate the response from the initial treatments
over a longer abservation periods (because of
satisfactory performance), the 10 ppm Ni, 30 ppm
Co, and 100 ppm Zn groups werc continued in
Lhe same treatments, previousiy. All treaiment
proups were continued for 5 weeks beyond the
injtial 9-week period.

The first cxperiment showed that 50 ppm Co or
Ni was sufficient to prevent or alleviate Zn defici-
ency signs but 10 ppm Co or Ni was not. In the
next two experiments Co and Ni were each supple-
mented at levels of 54 and 27 ppm, which were
equimolar to 60 and 30 ppm of Zn, respectively.
Thirty ppm of Zn added io the hasal diet is bor-
derline in preventing deficiency signs. The second
and third experiments imposed seven treatments:
basal; basal + 54 ppm Co; basal + 27 ppm Co;
basal + 54 ppm Ni; hasal + 27 ppm Ni; basal + 60
ppm 7Zn; and basal + 30 ppm Zn. The basal diet
(table 1) contained 43 to 50 ppm Zn in the first
experiment and 32 to 36 ppm Zn in the second
and third experiments by chemical detennination,
and 1.3% Ca, .93% phytic acid and .66% phos-
phorus by calculation (NRC, 1968). Zinc, Co and

TABLE 1. COMPOSITION OF BASAI. DIET
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Ingredient %

Ground corn 68.6
Soybean meal 16.3
Dehydrated alfalfa meal 4.8
Dried brewer's yeast 3.0

Premix? 3.0
Mineral mix® 43

100.0

T Antibiotic {chlorotetracycline), 22 mg/kg, vitamin
D, 200 1U/kg; vitamin B;2,15 ug/ke.

‘Limestone, 22.3 g/kg; dicalcium phosphate, 15.6
glke; iodized salt, 5.0 gfkg.

Ni were added as carbonates in all bhut the first
experiment, in which Zn was used as oxide.

Each pig was weighed and rated for skin lesions
(Lewis et al.,, 1956) weckly by visual imspection.
fseed consumption was recorded only for the third
experiment. Blood for serum Zn and alkaline phos-
phatase determinations was collected al 8 weeks
during the initial S-week period and at 2 and 4
weeks after reallotment of pigs in the first ex-
periment, and at 4 and § weeks in the other two
experiments. The pigs were slaughtered at the end
of the experiments at which time bone, liver,
xidney and blood were taken for the determina-
tion of Zn and alkaline phosphatase ¢xcept that
hiood was omitted in the first expetiment. Sam-
ples were stored at —22°C until analyzed.

Tibia samples for Zn determination were
extracted in a soxhlet extractor with diethyl
ether for at least 24 hours, Diel, liver, kidncy and
the fat frce tibia samples were put in crucibles
and dried in vacuo at 80°C for 12-24 hours. The
dried samples were dry ashed at temperalures not
exceeding 600°C. The ashed samples were dis-
solved with gentle heating in 2 ml of distilled
hydrochloric acid or nitric acid, and the resulting
solution was quantitatively transferred and diluted
with deionized water in a volumetric flask. All the
glassware uscd for Zn determination was soaked
in strong hydrochloric acid and rinsed with deioni-
zed water several times. Serum samples of the
first experiment were wet ashed but in the second
and third experiment were diluted with deionized
water without ashing. Zinc was determined by
atomic absorption spectrometry? according to the
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TABLE 2. AVERAGE DAILY WFIGHT GAIN, SKIN RATING, SERUM ZN CONTENT AND SERUM AL-
KALINE PHOSPHATASE ACTIVITY (EXPERIMENT)!.2

1st phase  Initial 9 weeks

. - Serum alkaline
Seam Zn at L

‘Freatment ADG Skin rating? 8 weeks phosphatase at
{(g/day) R millser) 8 w.eeks
{uzMolaes Pi/20) min/ml)
Rasal 1 273 + 45°¢ 28+ 5 59 % 03° 92% 15°¢
Basal 2 278 +43° 30+.7 49+ 03° 1.01 £.13°
Basal 3 377 +489° 1526 54+ 038 1.16 £ .20°
R+ 10 ppm Co 396 £47°° 24+ 8 58+ 03° 97 + 13°
B+ 50ppm Co 459 +51%4 0.0 86+ 109 716+ 294
B+ 1ppm Ni 273 £57° 215 472 02° 92 15¢
R+ 10 ppm Ni 483 *50¢d 0.0 50+.13° 147 +.27¢
1B+ 100 ppm Zn 541 3355 0.0 1.13 % 06° 2.85 +.38%
Kinal phase -- Last § weeks
2 weeks, serum 4 weeks, serum
Alkaline Alkaline
Treatment ADG Skiln Zn phcsphata?te Zn pl}osphalas'e
(g/day) rating (s Zn/ml) (2 Moles Pi/ {#g Zn/mI) {u Moles Pi/
20 min/ml) 20 min/ml)
Basal 4° 343 + g3! 3047  34%03° 97+.278 324038 118+ 37°
Rasal 57 398 +93°¢f 23+.7 34 + 92t L1026 351038 1.20 .27°
B+ SOppmCo 747 +64€ 14%3 49+ 03°  179+.079 53+ 0sef 222+ 314
B+ SOppmNi 757 +58° 94 7 1942 139 67 % 064 2.89 % 31°
R+100 ppm Zn 640 +38%d 103 96+ 065 2782 .28° 71+ 044 3.06 * 58°
K+ 50ppmCo  S72+47 0.0 7a+068  183+229 59 g6 228+ .33cd
B+ 10ppmNi 505 +999f 0.0 apt 04l 1a3+2890 43+ 04 page g9
R+100ppmZn 729 £37° 0.0 1.07 £ .05 291 +.24° 86 £ .06° 288+ .22¢

" Mean + SEM,

2Means within a column with different superscrip ts differ (P <C.08).

3O is normal, 5 is severely parakeratetic.
4Gxonps reallotted at 9 weeks.

standard procedure for the instrnment.

The alkaline phosphatase activity was mcasured
by a modification of the method of Bessey et al.
(1946). The assay medium consisted of one
volume of 1.5 X 10°% M disodium p-nitrophenyl
phosphate® as substrate and one volume of buffer
containing 1.5 M 2-amino-2-methyl-1-propanol

4 Atomic absorption spectrophotomer, Mcdel 403,
Perkin Elmer, Corp., Noarwalk, CT.

S Sigma, Si. Louis, Mo.

A Rrinkmann Instruments, Westburg, NY.
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and 3 X 107 M MgCly adjusted tc pH 10.3 with
HCI. The reaction system coniained 1 ml each of
buffer sofution, substrate, and diluted bloed
serum or tissue homogenized with a PolytronS.
Following 20 miputes incubation at 37°C, the
reaction was stopped by the addition of | ml of
1 N NaQOH, and the p-nitrophenol was determ’aed
at 400 nm in a spectrophotomeler, Five mm ‘hick
center scctions of bone were prepared by cutting
the tibias longitudinally; Zn was measured in the
shaft position and atkaline phosphatase activity
was delermined in the cpiphyseal plate portion.
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After kidney samples were homogenized by a
Potter-Flvehjem homogenizer, fcucine aminopepti-
dase (BEC 3.4.1.2) activity in kidney was measuared
in the third experiment by the method of Wachs-
muth et al, (1966) using L-feucinc-p-nitroanitide
as substrate at 37°C and pH 7.0, The data were
analyzed statistically by Duncan’s (195S5) multiple
range test as modified by Kramer (1956).

Results

Experiment 1.

Puring the initial 9-week period, supplementa-
tion with 10 ppm Ni or 50 ppm Co or 100 ppm Zn
improved (P < .05) weigh! gain and resulted in no
skin lesions (table 2). While the serum 7Zn and
alkaline phosphatase activity of the 10 ppm Ni
supplemented group was not different from that
of the basal groups at 8 weeks, the supplementa-
tion of 50 ppm Co increased Zn ¢oncentration and
alkaline phosphatase activity in serum. Weight
gain, skin rating, serum Zn, and serum alkaline
phosphatase values of the 10 ppin Co and 1 ppm
Ni groups were not different from those of the
hasal groups. The supplementation of 100 ppm
Zn produced the highest weight gain, and Zn con-
centration and alkaline phosphatase activity in
serum among lhe treatments. The weekly skin
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Figure 1.  Boady weght and skin ratings before

and zfter p'gs were real’'otted.
{Experiment 1)
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rating was not included in the table; however, skin
lesions appeared in the basal groups at 3 weeks
and became progressively worse until 9 weeks
(thie end cf initial period) with an average score of
2.4 (0 is normal and 5 is very severe). Skin lesions
started from soft skin such as deep thigh, behind
of ear lobes and eyelids, and progressed to belley
and legs.

During the {after the
reallotment of pigs), a supplementation of 50 ppm
Co or Ni to Zn-deficient pigs resulted in improved
weight gain and partiaflly healed skin lesions
(table 2). This was similar to the cffect of the 100
ppm supplemental Zn, whereas the two newly
created basal groups showed slow weight pain and
developed more severe skin lesions during the
latter S-week phase (figure 1), Zince and alkaline
phosphatase activity in the serum of the 50 ppm
Co and Ni groups increased within 2 weeks and
significantly higher (P <C.05) at 4 weeks,

Supplementation with 50 ppin Co or Ni (after
the reallotment of pigs) showed a tendency
toward increased Zn in bone, liver and kidney
(table 3), The bene alkaiine phosphatase activity
of these 50 ppm Co and Ni groups was higher
(P < .05) than that of the basal groups and similar
to that of the 100 ppm Zn supplemented group,
afler the reallotment of pigs. Supplementation of
50 ppm Cc at the beginning of this experiment
produced higher (P < .08) levels of Zn in tone,
liver and kidney and of alkalinc phogphatase in
hone, whereas the Zn confent and the enzyme
activity in these tissues of the 10 ppm Ni supple-
mented group were similar to those of the basal
groups.

Although the weight pain of the 10 ppm Ni
group was similar to that of the 50 ppm Co group
for the initial 9 weeks, the group fed the S0 ppm
Co supplemented dict from the beginning of the
experiment gained faster during the later 5 weeks
than did the Ni group and had elevated Zn and
increased alkaline phosphalase in scrum and bone
throughout the cxperiment, indicating that 50
ppm Co was superior to 10 ppm Ni During the
entire experimental period, supplementation of
100 ppm Zn yielded he largest weight gain, the
highest Zn in serum, bone, liver and kidney, and
the highest alkaline phosphatase in serum and
bone, The main findings were that supplementa-
tion of 50 ppm Co to weanling pigs for the entire
experimental period or 50 ppm of supplemental

later S-week period
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TABLE 3. ZN CONTENT AND ALKALINE PHOSPHATASE IN BONE, LIVER AND KIDNEY {EXPERI-

MENT 1)
Bone Liver Kidney

Zn Al phcsghalasc 7n d Alkaline phosphatase
Treatment (ugfg FTB9 mi;’:.gM‘:lf‘h:',‘:i?a (/e DMYDS CEBDOMT e ’émé’ min/g)
Basat 4° 44+ 5N sg+12f g5 50 86 +48 347 +97°
Basal 5° 40 +3' sg+12f 95 +sb g6 18 432 +59°
B+ SOppmCa® 522D 93 +11° 116 £ 580 97 %1% 408 +42°
B+ sOppmNi© 46421 121 £13° 116 +68D 90 + 48 410 +75°
B+ 100 ppmzn¢ 81 +2f 124 £13° 160 +11° 106 £ 3° 273 +42°
B+ 50ppmCo 63 %48 92£7° 131 £ 68 to1 +8¢f 248 +29°
B+ 10ppm Ni  35%3) sa+11f 115 +9&h 86 +28 370 £52°
B+100ppmZn 115 %5° 100 + 8¢ 207 +£17° 103 4% 270 +25°

8ETH Means fat free bone.
bDM means dry matter.
CGroups reallotted at 9 weeks.
dMean * SEM.

¢-iMeans within a column with different superscripts differ (P <C.05).

Co or Ni to 7Zn-deficien{ pigs for the last 5 weeks
prevented or alleviated Zn deficiency signs, These
effects approached those observed from 100
ppm supplemental Zn as measured by growth
rate, the prevention of healing of skin Jesions,
Zn content of serum, tliver and kidney, and
alkaline phosphatase activity in serum and bone.

Experiments 2 and 3.

These two expcriments were designed to com-
pare the effectiveness of two levels (54 ppm and
27 ppm) of supplemental Co or Ni with the molar
equivalents of 60 ppm and 30 ppm of supplemen-
tal Zn in preventing Zn deficiency signs in growing
swine. Supplementation with 54 ppm or 27 ppm
of either Co or Ni in both expcriments promoted
higher (P < .05) ADG, lower incidence of skin
lesions and better feed efficicncy (only experi-
ment 3) than in the basal group (table 4). The
ADG of the 27 ppm Ni group in the second ex-
periment was the only exception. Furthermore,
the 54 ppm Co or Ni groups had higher ADG
(P < .05) and lower incidence of skin lesions in
both experiments, and better feed efficiency in
the third experiment, than the groups given 27
ppm Co or Ni. A group fed 27 ppm Co in the
second experiment was the exception. The ADG
and skin ltesions of 54 ppm Co groups in both
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experiments and of the 54 ppm Ni and 27 ppm
Co groups in the second experiment were simiar
to those of the groups supplemented with 60 and
30 ppm Zn, whereas growth rate and skin con-
dition of 54 ppm Ni, 27 ppm Co and 27 ppm Ni
groups in the third experiment were inferior to
those of both groups supplemented with Zn. In
gencral, pigs recciving 27 ppm Co were superior
to those receiving the same Jevel of Ni.

Serum Zn concentration of groups supplc-
mented with 54 ppm and 27 ppm of cither Co or
Ni in both experiments tended to increase above
basal valued at 4 weeks and 8 weeks (table 5).
Furthermore, serum Zn level of the 54 ppm Co
group in the third experiment was higher (I <
05) than the basal value at 8 weeks. At the end
of both experiments, supplementation of 54
ppm or 27 ppm of either Co or Ni yielded higher
(P < 0Q5) serum 7Zn concentrations in all except
the 27 ppm Ni group in the second experiment.
Supplementation with 30 ppm Zn resulied in
increased 7n concentration in serum, bone and
liver over {h¢ groups supplemented with e’ther
level of Ni or Co, but Zn concentration in these
tissues of the 30 ppm Zn groups was penerally
lower than in the 60 ppm Zn groups. Supplemen
tation of 60 ppm Zn promotred the highest Zo
concentration in the kidney; in this respect all th.
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TABLE 4. GROQWTH RATE, SKIN RATINGS ANE FEED EFFICIENCY IEXPERIMENTE 2 AND 3)

+Co +Ni +7.n
Exp Basal S4 ppm 27 ppm 54 ppin 27 ppm 60 ppm 30 ppin
ADG (p/day)® 2 486 2627 658+33%°  gr3£17P 705243 549237°9 720 258" 742 +41°
3 190310 702221 351 +72% 5912489 342+80° a7 +12° 731 +180
Skinrating®® 2 196/ 2(1/8) 0.0 (0/8) 0.0(0/8) 1.4 (47 0.0 (0/8) 0.0 (0/8)
3 33 8/8) 0.0 (0/8) 20(7/8) 05(2/8) 28 (8) 0.0 (0/8) 0.0 (0f8)
Feed effici
- Y s 609 330 364 3.39 423 132 319
(feed/gain)
aMean t SEM, ar mean alone when SEM could not be calculated.
h-fMeans within a row with different superscripts differ (F < .05).
ENumbers in pateniheses show the fraction of pigs having skin lesiatis.
TARLE S, ZN CONTENT OF SERLIM, BONE, | IVFR, AND K. DNEY, {EXPERIMENTS 2 ANC 3)
+ (o + Ni +Zn
Qigan Exp  Basal 54 prm 27 ppm 54 ppm 27 ppm 60 ppm 3C ppm
Serum (ug/ml)°
doeeks 2 244019 405099 3sr0e?  31m03¢ 4405 475059 44+0a9
3 24203°  36+4%  26203°  33:04%  33£03° 61£05% 60t 068
Sweeks 2 24%02°  32%06°  32203°  27202°  32:05°  eotod  soxo2¢
1 212050 40t0e®  26t03f soto3®  aeglf 71074 49to7®
Slaughter 2 214028  32+030  40+08® 3705’ 271058 gorpa?  serpmde
time 3 4x02"  33%02°  26202¢  30£02° 26+01° 642039 561049
Bone 2 270%168 22,0853 arstssl 370028 209017 so9rssd 5731300
we/FFBEC 3 314+19% 3814 2% 258418 a0 300t28%  sasrsod 5271309
Liver 2 914:17° 963%34°  953242° 103.0%22° 923438°  119.9%32¢ 10834779
el DM)PP5  86.213.8% 96.646.7°7 8332407  93.415.4°F gasrsol 14140729 11138570
Kidne n
2 84442 6° B5.1%1.8° 807422° BATEI4°  824%14°  042%27° g7.0%12°
(ug/g DM)

3FFR means fat free hane.
DM means dry matter.
“Mean * SEM.

FMeans within a row with different superscripts differ (P <,05).

ather treatment similar to ong
another.

in both experiments, 54 ppm Co or Ni in-
creased serum alkaline phosphatase activily at 4
weeks as compared to the basal value (tatle 6).
However, anly the increase in the 54 ppm Co
group was significant (P < .05). The 54 ppm Co
or Ni supplemented groups also had higher (P
< .05) setum alkaline phosphatase activity at 8
weeks and at the end of the experiments, Supple-
mentation with 27 ppm Co or Ni appeared to

groups were
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increase the seyum alkaline phosphatase activity
over Lthat of the basal group at 8 weeks and at the
end of both experiments, bnt the difference was
significant (P < 08) only for the 27 ppm Co
groups. The alkaline phosphatasc activity in bone
and kidncy was higher (P < .05) for 54 ppm Co
or Ni groups than for the basal, but the apparent
increase for the 34 ppm group in the second ex-
periment was not significant. Supplcmentation of
27 ppm Co resvlted in increased (1" < .05) alkaline
phosphatase activity in bone and kidney in both
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TABLE 6. ALKALINE PHOSPHATASE OF SERUM, BONE, LIVER, AND KIONEY AND AMINOPEPTIDASE OF

KIDNEY, EXPERIMENTS 2 AND 3

{1 Moles Pif2C minjg tissue or ml seram)

Alkaline pbosphatase

+Ca +Ni +4n
Exp Basal 54 ppm 27 ppm S4 ppm 27 ppm 60 ppm 30 ppm
Serum”
aweeks 2 1426139 2166280 17223099 226+44%0 1684209 308ts0b  281¢27EC
30 122100 27623390 147209%0 242249 1762265 3.88+38"  3.48+40%C
Bweeks 2 1.18£08% 204224  18s%09° 1762125  160213°0  3.21#33° 2812050
3 934069 274226 144218% 1 78+.10° 1094180  334x39® 2703 26"
Shavghter 2 1.332.11° 18622297 10a%10%¢ 251211 1632229 2782190 2.64+14P
time 3 86+12°  200+21° 135£11°%  155+1.08%7 1321598 300%a0b 2772280
Bome® 2 203149 2304207 318#22%¢ 2312365 2s2125FY 3g123¢? 3994340
3 13080169 j76222° 17313¢ 176+17° 148+16%9  210+13P  2)5420P
Liver® 2 279%34% 31.7%27° 3854 5° 32.6+3.2° 3344 7¢ 424833t 35439
3 223+23°%  205219° 23.9%39%  239439°  246432°  31.4+6.47 23.9%32C
Kidney? 1 3952387 4992297 s1s:ag®  429#.82°  4ssmo™  s1sa3b 4goxabe
Amincperptidase
{(u Males leucine/min/g tissue)
Kidney? 3 7.79%£88° 7901+45®  g26£s50®  go1+78®  s03+e3®  8.13ts7t  s.1exseP

a + oK
lhﬂean + SEM.

*'Means within a row with different superscripts differ (2 < 05).

experiments. ‘The 27 ppm Ni group also had in-
creased alkaline phosphatase activity in bone and
kidney, but the difference was significant only in
the kidney. Supplemnentation of 60 ppm Zn yield-
ed the highest activity of alkaline phosphatase in
seruin, bone, liver and kidney, and 30 ppm Zn
yielded the second highest. The differences due to
Jevel af Zn were not significant except for alkaline
phosphatase activity in liver of the third experi-
ment. Neither was there any difference in the
activity ol aminopeptidase in kidney among
treatments, including the basal group.

The basal group of the third experiment show-
cd the earliest skin lesions al 4 weeks. The lesions
peaked (3.9) at 6 weeks and remained about the
same throughout the experiment {figure 2). The
weight gain of the basal group declined at 4
weeks, increased slowly until 6 weeks, and
platcaued (hercafter. Weight pain was inversely
related to the rvating of skin lesions in the basal
group. Supplemental Co or Ni reduced the inci-
dence and severity of skin lesions in decreasing
order: 54 ppm Co; 54 ppm Ni; 27 ppm Co, and

27 ppm Ni. Weight gains of the treated groups
ranked in reverse order from skin ratings.

Overalf, the zinc concentrations in serum and
alkaline phosphatase activitics in serum and bone
of supplemented groups were in similar order to
ADG and in almost reversed order from skin
ratings. Although one pig receiving 54 ppm Co did
show minor skin lesions, this group had skin con-
ditton and ADG similar to those of the Zn supple-
mented groups. These findings showed that Co,
and to a lesser extent Ni, were effective in pre-
venting or greatly reducing the scverity of Zn
deficiency signs.

Discussion

The marked increase in ADG, the reduced in-
cidence of skin lesions and the improved feed
efficiency showed that Co and Ni were able 1o
prevent or ncarly prevent the outward signs cf
7Zn deficiency in weanling and growing pigs fed a
high Ca corn-soybean diet containing level of
1.3%. These results were similar to the effect of
supplemental Co in pigs shown by Dahmer(1969).



CHUNG ET AL.

Furthermore, like supplenmiental Zn, supplemental
Co or Ni was therapeutically effective in Zn-
deficient growing pigs and indicated by increased
growth rate and healed skin lesions (figure 1)

The increased weight gain of pigs fed the Co or
Ni supplemented diets might be explained by
increased feed consumption and, therefore,
greafer Zn intake. In the third experiment, the
supplemented groups were at least twice as cffi-
cient in utilizing feed as the basal, while skin
lesions first appeared in the basal group at 4 weeks
and the pgrowth rate of the group was reduced
markedly at the same time(figurc 2). A similar
relationship between the incidence of skin lesions
and the reduced growth rate was observed in
expetiments 1 and 2. The jnvestigation by Miller
et al(1968) demonstrated that Zn deficiency
reduced the growth rate of baby pigs before feed
intake was affected. On the other hand, supple-
mental Zn and Ni may increase feed intake, as
shown by Henkin and Bradley (1970), by correct-
ing hypogeusia, loss of taste. Cobalt, chemically
similar to Zn and Ni, could be expected to have
the same effect. Although paircd feeding was not
employed and Zn concentrations of saliva, as a
possible index of taste petception, were not
determined in the present experiments, the obse:-
vations suggest that the supplemental Co or Ni
affected growth rate and skin lesions morc than
could be accounted for by increased feed intake.

Zinc concentration in bone, liver and serum
could give an indication of the Zn statys of ani-
mals, since Zn in these tissues has been shown {o
decrease with Zn deficiency in pigs (Hoekstra el
al.,, 1956; Miller et al., 1968), rats (Kirchgessner
and Pallauf, 1972a) and ruminants (Miller, 1969).
The supplementation of 54 ppm Co or Ni resulted
in increased Zn concentrations in serum. The
supplemenial groups also tendcd to have increased
7Zn concentrations in liver and hone. The Zn con-
tent of serum, tone and liver declined in response
to deplction and increased upon repletion of Zn in
prowing rats (Kirchgessner and Pallauf, 1972a;
Kirchgessner and Pailauf, 19726). The latter
results were simifar to those found in the present
studies from supplementing Zn-deficient pigs
with either 50 ppm Co, 50 ppm Ni or 100 ppm
Zn. This observation suggests that supplemental
Co or Ni resuited in improved availability of Zn in
pigs fed a corn-soybean type diet high in calcinm.

The activity of alkalinc phosphatase decrease in
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Figure2. Growth rate and skin ratings, Skin

ratirgs for the groups supplemented
with 54 ppm Co, 30 ppm Zn, and &0
ppm Zn are not shown as they remain-
ed along base line. {Experiment 3)

serum, bone and other organs of Zn-deficient rats,
pigs, dairy cows and chicks, as was well document-
ed in a review paper by Kirchgessner et al. (1976).
The supplementation of 54 ppm Co or Ni began
to increase alkaline phosphatase activity over the
basal value al 4 weeks, and the differences in
cnzyme activity were significant at 8 weeks and
at the end of experiments 2 and 3. The increascd
alkaline phosphatase in the serum of the treated
groups scems to be closely related to increased
Zn concentration in serum throughout all the pig
experiments, including those with the Zn supple-
mented groups. In experiment 1, the supplemen-
tation of 50 ppm Co or 50 ppm Ni to Zn-deficient
pigs yielded increased activity of sesum alkaline
phospliatase within 2 weeks. This was in agree-
ment with the review of Kirchgessner et al. (1976),
whe reported that the alkaline phosphatase in
serumn was rapidly changed in Zn-deficient rats
fed a Zn sufficient diet.

The alkaline phosphatase activity in the bone of
the Ca or Ni supplemented groups did not seem
tc be closely related to the Zn content iu bone
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and this is similar to the result of Dahimer(1969),
[t is possible that supplementation with Co or Nj
increased the Zn content of the cpiphyseal plate
regions of the hone hut to a lesser extent that of
the shaft region, since Zn was measured in the
shalt portion aml the enzywe activity was
measured in the epiphyseal plate region. On the
other hand, Co or Ni may have directly increased
the alkaline phosphatase activity of bone by sub-
stituting {or Zn. Bone is probably the largest con-
tributor of alkaline phosphatase to serum as
suggested by Lin and Tloekstra (1969). Cobalt
restored alkaline phosphatase activity in vitro to
the inactive apoenzyme from £. cofi (Plocke and
Vallee, 1962; Simpson and Vallee, 1968) and from
human placenta (Harkness, 1968). Cobalt and Ni
have aiso heen found restore or activate alkaline
phosphatase as well as several Zn metalloenzymes
in vitro (Vallee et gl, 1968; Lehky et al, 1973;
Kwan et al., 1975; Strover et al., 1976; Sugiura
et al., 1976). Furthermaore, Co can substitute for
Zn in its eozymes v wve in mMIiCroorgamisms
prown in Zn-deficient and Co-enriched media:
lactic dehydrogenase (Curdel, 1966), alcohol
dehydrogenase (Curdel and [watsuba, 1968) and
RNA polymerase (Speckhard et al., 1977). The
increase in the activity of alkaline phosphatase
in bone and serum of the Co or Ni supplemental
groups in the present studics could te cxglained by
such an activating effect of Co or Ni. This pessi-
bility is being discussed in more detail in another
paper.’

It has becn shown
reduce the availability

that phytic acid and Ca
of Zn (Oberleas, 1966,
Bafundo et al., 1984) and that Ca reduces the
ahsorption of Zn (Heth ct al., 1966). Vohra et al.
(1965) demonstrated that phytic acid binds several
metals in the following order: Cu++, Zn++, Ni++,
Co++, Mot Fett and Catt at pH 7.4. This was
similar to the observation of Maddainah ct al.
(1964). Furihermare, phytate in the presence of
Ca precipitates Zn from a solution at physiological
pH as shown in a review paper by Oberleas, 1973,
Therefore, less Zn would be expected to be avail-
ahle at the absorption site in the presence of
phytate and Ca. Our basal diet contained high Ca
(1.3%) and substantial phytate (.93%). Pigs fed the

7Chung, A. 8., ST. Lee, RN Grummer and W.G.
lHoekstra. The eflect of supplemental nickel ar cobalt ¢n
zinc availakility in chicks and pigs. In preparation for
Asian-Australasian Journal of Animal Sciences,
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basal diet showed severe Zn deficiency even
though the diets contained marginally deficient
Zn; 48 ppm in the [irst experiment and 34 ppm
Zn in the second and third experiments. These
observations were similar to those of Davies er «l,,
1985, They showed that increasing dietary Ca in
the presence of phytate significantly reduced
growth rate in rats and supplementation of Zn
increased growth rate and plasma Zn concenlra-
tion. Supplemental Cn or Ni seemed to improve
Zn availability as indicated by elevated Zn levels
in serum and sometimes in other tissues. H is
possible that Co or Ni precipitated with phytate-
Ca complexes insicad of Zn so that more Zn was
available for absorption. Further study is requirced
to test this possibility.

The sparing effects of Co or Ni on Zn nutrition
shown in this paper for swine could not be de-
monstrated in rats fed a semipurified diet {un-
published data, A. S. Chung, Kirchgessner and
Pallauf, 1973, Spears et al., 1978) nor in chicks
(unpublished data, W. G, Hockstra). However, the
sparing effects of Co or Ni on Zn were shown in
chicks fed a practical type, corn-soybean diet high
in calcium as measured hy increased weight gain
and reduced feather defects,

‘These findings suggest that the sparing cffects
ol Co or Ni are depended upon diet rather than
species. Although increased fecd intzke or sub-
stitution for Zn in alkaline phosphatase or other
Zn-dependent enzymes may explain the effects of
supplemental Co or Ni, the most likely explana-
tion for the sparing effects of Co or Ni on Zn
would appear to be the result of increased availa-
bility of dictary Zn in pigs fed a corn-soybean
type diet high in calcium.®
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