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ABSTRACT

A  m i c r o f i n e  s i l i c a  p r o d u c t  w a s  u s e d  a s  a n  a d d i t i v e  t o  t h e  A b e r n a t h y

s a l m o n  d i e t  ( A 1 8 - 2 )  t o  e v a l u a t e  i t s  e f f e c t i v e n e s s  f o r  i n c r e a s i n g  o i l  r e t e n t i o n

a n d  p e l l e t  d u r a b i l i t y . The sil ica product was added at either 0 or 3% of the

diet  to  formulat ions  conta in ing  e i ther  0  or  3% added  f i sh  o i l  be fore  pe l le t ing .

More  f i sh  o i l  was  sprayed  onto  the  feed  a f ter  pe l le t ing  and  o i l  re tent ion-was’

recorded. Pellet durability was determined by placing a feed sample in a modi-

f i ed  pa int  shaker  and  ca lcu lat ing  the  percentage  f ines  produced  a f ter  a  per iod

o f  a g i t a t i o n .  A d d i t i o n  o f  t h e  s i l i c a  t o  t h e  f o r m u l a t i o n  d i d  n o t  i n c r e a s e

r e t e n t i o n  o f  s p r a y e d - o n  f i s h  o i l  i n  d i e t s  e i t h e r  w i t h  o r  w i t h o u t  f i s h  o i l  a d d e d

to  the  formulat ion  be fore  pe l le t ing .  A d d i t i o n  o f  t h e  s i l i c a  i m p r o v e d  p e l l e t

d u r a b i l i t y , as  indicated  by  reduced  percentage  f ines ,  part i cu lar ly  in  the

formulat ion  to  which  the  f i sh  o i l  was  added  be fore  pe l le t ing .
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INTRODUCTION

The  energy  leve l  o f  sa lmon d iets , one factor that determines the growth

rate  and  feed  convers ion  rat ios  o f  a  formulat ion , can be increased or decreased

mainly  by  changing  the  leve l  o f  f i sh  o i l  in  the  formulat ion . Lip ids  conta in

8-8.5 Kcal/g,  compared to about 4 Kcal/g for proteins and, when added to the

d i e t ,  a r e  t h e  m o s t  c o s t - e f f e c t i v e  m e t h o d  t o  i n c r e a s e  c a l o r i e s . However, the

amount  o f  f i sh  o i l  that  can  be  added  to  sa lmon d iets  i s  l imited . The addition

o f  f i s h  o i l s  t o  d r y  d i e t s  b e f o r e  p e l l e t i n g  r e d u c e s  p e l l e t  h a r d n e s s  a t  a  l e v e l  o f

incorporation below that at which the optimum caloric value is reached. So f t

pe l le ts  tend  to  d is integrate  dur ing  sh ipping  and s torage ,  c reat ing  a  h igh

p e r c e n t a g e  o f  f i n e  p a r t i c u l a t e  m a t t e r  ( f i n e s ) . Therefore, p e l l e t s  a r e  t o p -

dressed  wi th  o i l  a f ter  pe l le t ing  to  increase  the  energy  content  o f  the  pe l le t

w i t h o u t  s a c r i f i c i n g  p e l l e t  h a r d n e s s . The amount of  oil  that can be retained by

p e l l e t s  a f t e r  t o p - d r e s s i n g  i s  o f t e n  l e s s  t h a n  d e s i r e d .

In the study presented here, a  new micro f ine  s i l i ca  product , Sipernat

(Degussa, Frankfurt, Germany), was  eva luated  as  an  addi t ive  to  pe l le ts  to  deter -

m i n e  i t s  e f f e c t  o n  t h e  r e t e n t i o n  o f  t o p - d r e s s e d  o i l . P e l l e t  r e s i s t a n c e  t o  d i s -

integrat ion  a lso  was  measured  s ince  S ipernat is  reported  to  a l low an  increase

in  the  amount  o f  o i l  that  can  be  added  to  a  formulat ion  be fore  pe l le t ing  wi thout

a f f e c t i n g  p e l l e t  h a r d n e s s .

 1Use of trade names in this publication does not constitute endorsement by

the National Marine Fisheries Service.
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PROCEDURES

Four diet formulations were mixed and pelleted without steam using a

l a b o r a t o r y  C a l i f o r n i a  P e l l e t  M i l l  ( e q u i p p e d  w i t h  l / 4 - i n c h  d i e ) . Each diet was

a modification of  the Abernathy salmon diet A18-2 (Table 1) . A l l  a d d i t i o n s  o f

o i l  o r  S i p e r n a t were made at the expense of  the wheat middlings portion of  the

formula. The experimental design was as follows:

0%
Oil added

b e f o r e  p e l l e t i n g
3%

step  1 . A 2-kg batch of each diet was mixed, pelleted, and allowed to

cool to room temperature.

Step 2. The  pe l le ts  were  spread  a  s ing le  layer  th ick  in  a  shal low a lumi-

num pan and placed on a top-loading balance. Oil was then sprayed onto the

pellets from a hand-held spray bottle warmed in heated water. When the appro-

pr iate  we ight  o f  o i l  had  been  appl ied , the pellets were shaken in the pan for

at  least  2  minutes . The pellets were then scooped into plastic bags and

al lowed  to  “soak” f o r  a t  l e a s t  2 4  h o u r s . The remaining oil in the pan was

weighed and the amount subtracted from the amount applied to obtain the net

amount taken up by the pellets.

A  poss ib le  source  o f  error  ex is ted  at  s tep  2  in  the  procedure  when the

oil  remaining in the pan was weighed and subtracted to obtain the net amount

reta ined . Fines from the diet adhered to the oil  in the pan and contributed
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Table  1 . Abernathy dry salmon diet (Al8-2).

Ingredient Percent

 Fish  meal ,  herr ing 50.0

Dried whey product 10.0

5 .0Wheat germ meal

10.3Wheat middlings

Blood f l o u r 10.0

Poultry by-product meal 1.5

Abernathy vitamin premix

Fish  and Wi ld l i fe  Serv ice  t race  mineral  premix  # l

1.5

0 . 1

Ascorb ic  ac id 0 .1

Chol ine  ch lor ide  so lut ion  (70%) 0 . 5

Lignin  sul fonate 2 . 0

F i s h  o i l 9 . 0
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to  the  weight  subtracted . Oil  also adhered to the scoop when removing the

pe l le ts  f rom the  pan , e f fec t ive ly  l ower ing  the  net  amount  o f  o i l  appl ied .

Pe l le t  durabi l i ty  was  tested  us ing  a  modi f ied  pa int  shaker . The l-quart

 shaker  receptac le  was  loaded  wi th  175  g  o f  pe l le ts  o f  each  d ie t  and  shaken

vigorous ly  for  3  minutes . The pellets were then separated from the f ines

using a No. 5 U.S. standard mesh screen. The pellets were reweighed and the

p e r c e n t a g e  o f  t o t a l  c a l c u l a t e d . The percentage of  f ines was calculated by

d i f f e r e n c e .

RESULTS AND DISCUSSION

Comparison of  diet A with B and of  C with D shows that the inclusion of  3%

Sipernat t o  t h e  b a t c h  m i x  h a d  n o  e f f e c t  o n  t h e  p e l l e t ’s  a b i l i t y  t o  r e t a i n

sprayed-on  o i l  (Table  2 ) . The maximum amount of sprayed-on oil retained was

approximately 6% regardless of  the formulation or amount of  oil  applied. Com-

parison of  diet A with C and of  B with D shows that the inclusion of  3% fish

oil  to the batch mix also had no effect on the maximum amount of  sprayed-on

o i l  re ta ined  by  each  formulat ion .

Both of  the diet formulations containing 3% Sipernat@ produced pellets

that were substantially harder than pellets produced by formulations without

the  inc lus ion  o f  S ipernat@. Diet B produced the hardest pellet and this may

expla in  why  o i l  re tent ion  by  pe l le ts  o f  d ie t  B  was  less  than  that  o f  the  o ther

d i e t s . Diet  B  was  a lso  very  d i f f i cu l t  to  pe l le t  even  under  extreme pressure

that caused the die to become very hot and reduced production considerably.

This problem might have been due to a lack of lubrication available from the

pe l le ted  ingred ients . No oil was added to diet B and the Sipernat@ may have

entrapped  any  avai lab le  o i l  f rom the  o ther  ingredients .
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Table 2. Percentage of f ish sprayed on each batch of Abernathy diet,  and the
p e r c e n t a g e  o f  f i s h  o i l  r e t a i n e d  b y  t h e  p e l l e t s .

( Diet code

% Oil % Oil % Oil retained
% added before sprayed on b y  p e l l e t s

Sipernat@ p e l l e t i n g p e l l e t s a f ter  spraying

Al 0 0 0 - - -
A 2 0 0 3 2 .5
A3 0 0 6 4 .0
A4 0 0 9 6 .3

Bl 3 0 0 - - -
B2 3 0 3 2 . 0
B3 3 0 6 3 .5
B4 3 0 ,9 5 .8

Cl 0 3 2 1 .8
C2 0 3 4 3 .4
C3 0 3 6 4 . 9
C4 0 3 9 6 .2

Dl 3 3 2 1 . 8
D2 3 3 4 3 .5
D3 3 3 6 .2* 5.1
D4 3  3 8 6.1

* Mismeasured + 0.2%.
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 T h e  d u r a b i l i t y  o f  t h e  ‘p r o d u c t ,  b a s e d  o n  p e r c e n t  f i n e s ,  w a s  i n  e a c h

comparison improved with the use of  Sipernat. Comparing the percent fines of

diets A with B and C with D shows that the addition of Sipernat@ had a signif-

 i c a n t  i n f l u e n c e  o n  p e l l e t  d u r a b i l i t y  i n  d i e t s  f o r m u l a t e d  w i t h  i d e n t i c a l  o i l

content  (Table  3 ) .

Although diet B proved to be the most durable,  it  was also by far the

hardest  pe l le t . This  may  prove  to  be  unacceptable  to  the  f i sh  fed  the  d ie t .

For  th is  reason  and  because  o f  the  extremely  h igh  pressure  required  to  pe l le t

the  d ie t  and  the  low retent ion  o f  sprayed  o i l ,  th is  modi f i cat ion  o f  the

Abernathy diet should not be considered a practical diet but should be used

for comparison only. The most promising diet modification was diet D.

Al though in  d ie t  D  the  addi t ion  o f  3% Sipernat  had  no  e f fec t  on  o i l  re ten-

t i o n , an  average  three - fo ld  increase  in  durabi l i ty  was  rea l ized  over  the  same

diet  (C)  wi thout  the  addi t ion  o f  S ipernat .

CONCLUSIONS

Sipernat@ micro f ine  s i l i ca  used  as  a  feed  addi t ive  d id  not  increase

r e t e n t i o n  o f  t o p  d r e s s e d  o i l . Therefore, the simple addition of  Sipernat@

t o  e x i s t i n g  f o r m u l a t i o n s  i s  n o t  l i k e l y  t o  i m p r o v e  t h e  o i l  c o n t e n t  o f  t h e

f in ished  product  when o i l  i s  added  by  top  dress ing .

The addition of  Sipernat@ to  the  formulat ion  d id  improve  pe l le t

d u r a b i l i t y . Furthermore, th is  improved  durabi l i ty  extended  to  d ie ts  in

which the formulated oil  content was high enough to affect the hardness and

d u r a b i l i t y  o f  t h e  p e l l e t e d  p r o d u c t . By using both Sipernat@ and additional

o i l - i n  t h e  b a t c h  f o r m u l a t i o n  p r i o r  t o  p e l l e t i n g , a  phys ica l ly  and chemical ly

improved product can be produced. Feeding trials with salmonids would be
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Table 3. Percent  o f  f ines  separated  f rom d iets  a f ter  durabi l i ty  tes t

% Oil % Oil Average f ines
% added before sprayed for  each

Diet code Sipernat@ p e l l e t i n g on  pe l le ts % Fines diet (% ± SD)
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required  to  determine  i f  the  d ie t  modi f i cat ions  d iscussed  above  improve  the

n u t r i t i o n a l  q u a l i t y  o f  t h e  d i e t s .
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