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Summary

Bumble foot, an inflammatory pododermatitis, is frequently developed in rearing and exhibiting penguins.
Inflammatory dermatitis due to hyperkeratosis is induced by deficiency and excess of vitamin A, and there have
been some reports indicating the improvement of inflammatory pododermatitis by supplementation with vitamin E
and/or zinc in other bird species. For clarifying the relationship between the incidences of bumble foot and vitamin
A, vitamin E or zinc nutrition in African penguins (Spheniscus demersus), we investigated dietary and plasma vita-
min A, vitamin E and zinc concentrations in penguins with and without bumble foot. The diet contained 27-fold more
vitamin A than its estimated requirement (ER). Dietary vitamin E concentration was less than ER in almost all of
penguins. Dietary zinc concentration was close to and satisfied ER. Plasma retinol and zinc concentrations were
lower in the penguins with bumble foot than in the healthy penguins. On the other hand, the incidence of bumble
foot did not affect plasma concentrations of retinyl ester and a-tocopherol.

Because of high vitamin A concentration in diet, the low plasma retinol concentration is not owing to vitamin A
deficiency in the penguins with bumble foot and is assumed to result from the suppressed production of retinol
binding protein 4 by inflammatory response. Plasma a-tocopherol concentration was not lower than its reported
levels, suggesting that dietary vitamin E satisfied its requirement. The incidence of bumble foot may be related to
the shortage of zinc. Further experiment is necessary for clarifying the effect of zinc supplementation on the pre-

vention and improvement of bumble foot in penguins
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Table 1 Dietary vitamin A, vitamin E and zinc contents in penguins with bumble foot* "

Vitamin A Vitamin E Zinc
1U/kg dry matter 1U/kg dry matter mg/kg dry matter
Healthy Male 96,110 + 3,590 30385 576
(93,560 —104,470) (242 -502)
Female 95,520 = 2,060 289+49 576
92,130 —98,460) (208 — 359)
Bumble foot Male 95,650 1,510 292+ 36 576
(93,560 —97,230) (242 — 330)
Female 97,720 +4,110 341 £98 576
(94,460 — 105,460) (264 — 526)
Estimated requirement? 3,500 400 50.0
ANOVA (P=)
Sex 0.592 0.592 -
Bumble foot 0.483 0483 -

4 Means+SD with ranges in parenthesis

b Dietary vitamin content was calculated as total amount of dietary and supplemental vitamin divided by dry

weight in diet.
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Table 2 Plasma concentrations of retinol, retinyl ester, a-tocopherol, zinc and albumin in penguins with bumble foot?

Retinol Retinyl ester a-Tocopherol Zinc Albumin
ng/dl ng/dl ng/dl mg/l g/dl
Healthy Male 164.6 £22.1 6.73£2.65 3,317+915 260+042 15%0.1
(141.0-211.7) (2.64 —10.30) (2,088 —4,860) (2.08 —3.38) (14-16)
Female 134.3+22.1 898 £2.54 3,755+ 944 296063 1.6+0.3
(101.6 — 154.9) (5.84-12.10) (2,726 — 5,555) (2.21-4.02) (1.3-22)
Bumble foot Male 132.7+325 8.76 £2.65 4,336 £ 930 223+065 1.6+0.2
(83.9-149.3) (3.59 - 13.06) (2,202 — 4,865) (1.71-357) (14-1.7)
Female 1239277 750£3.19 3,552 +1084 2.28+0.65 1.6+0.1
93.0-192.9) (3.12-11.46) (3,259 — 5,940) (1.70 - 3.28) (14-18)
ANOVA (P=)
Sex 0.062 0.566 0.667 0.245 0.686
Bumble foot 0.032 0.697 0.224 0.025 0.817

? Means = SD with ranges in parenthesis



Table 3 Summary for the reported concentrations of plasma vitamin A and vitamin E in penguins

Plasma Diet
. . Retinyl . . . . .
Species n Retinol ester o-Tocopherol Vitamin A Vitamin E  Condition Reference
ug/dl ug/dl pug/dl IU/kg DM 1U/kg DM
African penguin 15-16  85.7+399 ND?  3710+1230 70175 2838”  Captured  Gulland et al."”
Humboldt penguins 39 1908 11.0+£04  2640+940 59,800 58.6 Captured  Crissey et al.”?
Humboldt penguins 19 120+9 3+12 3910+ 372 13,500 40.5 Captured  Crissey et al.”?
Ggentoo penguin 5 58 — 109 ND 3080 — 5070 ND ND Captured  Monroe®™
Rockhopper penguin 10 63—114 ND 2230 — 4080 ND ND Captured  Monroe®™
Humboldt penguin” 30 117+8 7407  1887+99 ND ND Freeliving Wallace et al.™
Rockhopper penguin® 12 138=27 ND ND ND ND Free-living Ghebremeskel et al.™
Magellanic penguin” 4 67.7+9.7 ND ND ND ND Free-living Ghebremeskel et al.™
Ggentoo penguin? 6 67.9+8.7 ND ND ND ND Free-living Ghebremeskel et al.™
Macaroni penguin® 8 160+ 30 ND 3260 + 540 ND ND Freeliving Ghebremeskel et al.'®

Means = SD or ranges

a) data not available

b) Dietary vitamin concentrations were calculated from vitamin intake and dry matter intake of which was calculated from standard

moisture concentration of fish (sprat)!?
¢) Pre-breeding male
d) Non-molting adult
e) Pre-moult male
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Fig.1 The relationship between plasma concentrations of reti-
nol and retinyl ester (A), retinol and a-tocopherol (B),
retinyl ester and a-tocopherol (C), and zinc and albumin
(D) in penguins
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