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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 13­301024­  ­2
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   TRASLADOINFORME                   

FECHA:  2015­06­19 08:46:40
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   11

Como resultado del examen de forma, realizado con fundamento en el artículo 45 
de la Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Rad. N° 13-301024-00000-0000 27/diciembre/2013
Reivindicaciones: Rad. N° 13-301024-00000-0000 27/diciembre /2013
Prioridad: US 61/507,390 13/07/2011

2. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2. Del Capítulo I del Título X de 
la Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta 
la tasa pagada por el  solicitante al  momento de comenzar el  examen para las 
reivindicaciones adicionales; esto es que cuando la solicitud contenga más de diez 
(10)  reivindicaciones  y  no  se  haya  pagado  la  tasa  complementaria,  sólo  se 
estudiarán  las  cubiertas  por  la  tasa  pagada.  Por  lo  tanto  se  estudiarán  las 
reivindicaciones 1 a 32.
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Título  de  la  solicitud:  “Composiciones  de  lípidos  algales  y  métodos  para 
prepararlas y utilizarlas”. (Ver Rad. N° 13-301024-00000-0000).

El  problema técnico  planteado  en  esta  solicitud  consiste  por  una  parte,  en  la 
necesidad de producir biodiesel a partir de algas de manera comercial, y por otro 
lado la necesidad de producir alimentos para animales de alto valor nutricional y 
bajo costo.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  presenta 
composiciones que comprenden algas con un alto contenido de lípidos y métodos 
para  hacer  y  utilizar  las  mismas.  En  particular,  la  invención  se  relaciona  con 
biomasa de algas con un alto contenido de lípidos y materiales algales de lípidos 
derivados  de  las  mismas,  métodos  para  hacer  las  mismas,  así  como 
biocombustibles (por ejemplo, biodiesel) y una composición dietética (por ejemplo, 
comida  para  animales)  que  comprenden  o  están  hechas  de  las  mismas.  Las 
composiciones y métodos de la invención encuentran su uso en una variedad de 
aplicaciones  incluyendo  de  biocombustibles,  dietéticas  (por  ejemplo,  nutrición 
humana y animal), terapéuticas así como aplicaciones en investigación.

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de 
Patentes (CIP): C12N 1/12, C12P 7/64.

3. Reivindicaciones relativas a un uso o a un segundo uso  (Art 14 y 21 D 
486)

El uso de las reivindicaciones 31 y 32 no es patentable, de acuerdo con el Art 14.

4. De la solicitud de patente

Reivindicaciones

La reivindicación 1, que es una reivindicación de procedimiento, está definida en 
términos de producto como: “biomasa algal caracterizada porque comprende al  
menos 67% de grasa total (…)”. Las reivindicaciones de procedimiento, proceso o 
método deben referirse a una serie de pasos o etapas para la obtención de un 
producto o artículo. 

Sobre las diferencias entre reivindicaciones de producto y de procedimiento, el 
Tribunal Andino de Justicia ha dicho lo siguiente:  “El objeto de la invención de 
producto está constituido por un cuerpo cierto destinado a llenar una necesidad 
industrial que el estado de la técnica aún no ha satisfecho. En cambio, el objeto de  
la invención de procedimiento se encuentra conformado por ‘una serie o sucesión  
de operaciones que inciden sobre una materia (sólida, líquida o gaseosa) que se  
encamina a la obtención de una cosa o un resultado’ (Otero Lastres, José Manuel.  
Ob. Cit.)” [1].

Las reivindicaciones 1, 2, 3, 6, 19, 20 a 23, 26, 30 y 31 no son claras porque 
presentan términos  imprecisos  como  “al  menos”,  “aproximadamente”,  “o  más”,  
”suficientes”,  los  cuales  no  permiten  distinguir  la  invención  del  estado  de  la 
técnica. Se sugiere sustituirlos por valores o rangos concretos.

1 Proceso 129-IP-2007.
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Las reivindicaciones 1, 2, 3, 4, 6, 7, 9, 10, 12, 18, 19, 24, 25, 27, 28,  29 y 31, no 
son claras porque presentan términos generales como “alga”, “Tipos de medio de 
cultivo”  “condiciones  de  cultivo  suficientes”,  “fuente  de  carbono”,  “azúcar”,  
“condiciones de flujo de aire y agitación”, “se enfría”,  “composición de lípidos”,  
“producto alimenticio”, “biocombustible”, que sugieren de forma imprecisa que la 
protección se extiende a otras posibles variaciones o modificaciones.

La reivindicación 1 define un proceso de cultivo de algas porque la biomasa algal 
comprende  “al menos 67% de grasa total”  y también define las condiciones de 
cultivo  “suficientes para proporcionar una biomasa algal que comprende 67% o  
mas de grasa total”,  es decir  que define el  proceso y sus condiciones por los 
resultados  a  alcanzar,  lo  cual  es  inaceptable.  Ante  esto,  se  le  recuerda  al 
solicitante que las reivindicaciones deben caracterizar un producto por la forma o 
constitución  del  mismo,  las  partes  que  lo  componen  y  todo  lo  que  permita 
establecer  cómo  se  llegó  a  tal  resultado.  No  se  aceptan  reivindicaciones  que 
caractericen resultados, usos, ventajas o efectos.

También la reivindicación 16 está definida en términos de resultados a alcanzar: 
“después de que todos los nutrientes han sido removidos/consumidos del medio”,  
se  sugiere  hacer  los  cambios  correspondientes  de  acuerdo  a  la  observación 
anterior.

La reivindicación 24 muestra un proceso de cultivo de algas que se realiza “bajo 
condiciones de flujo de aire y agitación para mantener el  oxígeno disuelto  por  
debajo  del  10%”,  es  decir,  la  característica  está  definida  por  el  resultado  a 
alcanzar,  lo  cual  es  inaceptable.  Las  reivindicaciones  deben  caracterizar  un 
proceso por condiciones de operación claramente definidas que tengan un efecto 
técnico  sobre  una  materia.  No  se  aceptan  reivindicaciones  que  caractericen 
resultados, usos, ventajas o efectos.

Con  respecto  a  lo  anterior,  se  recuerda  al  solicitante  que  el  objeto  de  las 
reivindicaciones.  1,  16  y  24  es  un  proceso  entonces  lo  debe  definir  por  una 
secuencia  de  etapas  técnicas  definiendo  condiciones  del  proceso,  como 
temperaturas, tiempo de fermentación, materias primas, la tasa de alimentación de 
gases,  vvm  (vessel  volume  per  minute),  kLa  (coeficiente  volumétrico  de 
transferencia de masa), la demanda específica de oxígeno, número de Reynolds, 
etc., las cuales hacen a la invención nueva e inventiva, lo cual claramente no se 
incluyó en estas reivindicaciones.

La reivindicación 24 no es clara porque menciona que el oxígeno disuelto en un 
proceso de cultivo de algas debe ser del 10%, pero no especifica si ése 10% se 
determina en base másica, molar o volumétrica.

No hay concisión entre las reivindicaciones 26 y 30, puesto que las características 
esenciales de la reivindicación 30 están incluidas en la materia que reclama la 
reivindicación 26. Tampoco hay concisión entre las reivindicaciones 3 y 22 puesto 
que las características esenciales de la  reivindicación 22 están incluidas en la 
materia que reclama la reivindicación 3.
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Tampoco hay concisión entre las reivindicaciones 4, 7, 10 y 5, 8, 11 ya que las 
características  esenciales  de  las  reivindicaciones  7  y  10  se  encuentran  en  la 
reivindicación 4 y las características esenciales de las reivindicaciones 8 y 11 se 
encuentran en la reivindicación 5.

La reivindicación 20 presenta un error de digitación, aparece “algo”  en lugar de 
“alga”.

Descripción (Art 28 y 29 D486)

La solicitud se refiere a un producto o a un procedimiento relativo a un material 
biológico,  dicha  solicitud  no  puede  describirse  de  manera  que  pueda  ser 
comprendida y ejecutada por una persona capacitada en la materia técnica, por lo 
que se hace necesario complementar  la descripción con un depósito de dicho 
material  biológico. Por  lo  anterior,  es  necesario  que  el  solicitante  adjunte 
certificado de depósito de material biológico correspondiente a las cepas que se 
mencionan  en  la  descripción:  “Thraustochytrium  striatum,  Thraustochytrium 
roseum,  Thraustochytrium  aureum,  Crypthecodinium  cohnii,  Parietochloris  spp.  
Rhodomonas  spp.,  Cryptomonas  spp.,  Parietochloris  spp.,  Hemisebuis  spp.,  
Porphyridium spp., Glossomastsis spp., Parietochloris incise, Rhodomonas salina,  
Hemiselmis brunescens,  Porphyridium cruentum y Glossomastix chrysoplasta y  
Schizochytrium limacinum. (Ver radicado N° 13-301024-00000-0000, Pág. 49, 54, 
64, 65, 83 y 84).

5.  Unidad de invención (Art 25 D 486)

No hay unidad de invención entre las dos reivindicaciones independientes ya que 
el  concepto  común inventivo,  biomasa algal  con  un contenido  de  grasa  de al 
menos 67% en peso, no cumple con los requisistos de novedad y nivel inventivo 
de acuerdo con las anterioridades D1, D2 y D3. (Ver análisis de patentabilidad):

Por lo tanto, ésta invención presenta 2 conceptos técnicos comunes inventivos así:

• Grupo I: Reivindicaciones 1-25. Procedimiento para producir biomasa algal con 
un contenido de grasa de al menos 67% en peso.

• Grupo II: Reivindicaciones 26-30. Biomasa algal con un contenido de grasa de al 
menos 67% en peso.

Se le sugiere al solicitante restringir la materia a patentar en un solo concepto 
común inventivo especificando el avance tecnológico sobre el estado de la técnica.

Esto se logra entre otras formas definiendo las características esenciales de la 
invención  y mostrando las otras características particulares como dependientes, 
pero  sin  perjuicio  de  la  concisión  de  las  nuevas  reivindicaciones  tanto 
independientes como dependientes.

El solicitante también puede realizar una o más de las divisionales de acuerdo a 
los grupos de conceptos técnicos inventivos presentados en esta solicitud, esto 
claro, sin ampliar el objeto inicial de la invención.
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6. Determinación del Estado de la Técnica

El  estado  de  la  técnica  se  determinó  con  base  en la  fecha  de  presentación 
nacional:  13 de julio de 2011 y se encontraron los siguientes documentos que 
anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación

D1 US 6,607,900

“Enhanced Production of Lipids 
containing Polyenoic Fatty Acid 

by Very High Density Cultures of 
Eukaryotic Microbes in 

Fermentors”

19 agosto 2003

D2 US 5,130,242

“Process for the Heterotrophic 
Production of Microbial Products 

with High Concentrations of 
Omega-3 Highly Unsaturated 

Fatty Acids”

14 julio 1992

D3 Art. 1*

“Integrated production of long 
chain polyunsaturated fatty acids 

(PUFA)-rich Schizochytrium 
biomass using a nutrient 

supplemented marine aquaculture 
wastewater”

Septiembre 2010

* “Integrated production of long chain polyunsaturated fatty acids (PUFA)-rich Schizochytrium biomass using a  
nutrient supplemented marine aquaculture wastewater”.  Jung, I.S., Lovitt, R.W., Aquacultural Engineering. Vol. 
43, Edición 2, Septiembre de 2010, Págs. 51 – 61.

El  documento  D1 [2]  divulga  un  procedimiento  para  obtener  composiciones de 
lípidos a partir de biomasa de microalgas mediante un cultivo en lote alimentado 
donde la biomasa tiene un contenido de lípidos superior al 20%.

El  documento  D2  [3]  divulga  un  procedimiento  para  la  producción 
predominantemente heterotrófica de productos microbianos extraídos de células 
enteras  con  una  alta  concentración  de  ácidos  grasos  omega-3  altamente 
insaturados, en un cultivo aeróbico bajo condiciones controladas usando cultivos 
biológicamente  puros  de  microorganismos  heterótrofos  hongos  unicelulares  y 
algas  del  orden  Thraustochytriales.  El  producto  microbiano  obtenido  se  puede 
añadir  a alimentos procesados como suplemento nutricional,  o  se puede usar 
como  alimento  para  animales,  para  mejorar  el  contenido  de  omega-3  en  los 
productos derivados de dichos animales. Los lípidos que contienen estos ácidos 
grasos  también  pueden  ser  extraídos  y  utilizados  en  aplicaciones  industriales, 
nutricionales, y farmacéuticas. (Resumen).

El documento D3 [4] da a conocer un estudio para la producción de ácidos grasos 
poli-insaturados (PUFA) a partir de la biomasa de Schizochytrium. (Resumen).

2 http://worldwide.espacenet.com/publicationDetails/description?
CC=WO&NR=2011035042A3&KC=A3&FT=D&ND=&date=20110825&DB=&locale=en_EP
3 https://www.google.com/patents/US5130242
4 http://www.sciencedirect.com/science/article/pii/S0144860910000336
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7. Examen de Patentabilidad (Art. 14 D486)

Novedad (Art. 16 D 486)

La Reivindicación 1 consiste  en:  “Un proceso para fabricar  una biomasa algal  
caracterizado porque comprende.…” (Ver pág. 119 del radicado N° 13-301024-
00000-0000).

Comparación de las características técnicas esenciales con las del Estado de la Técnica:

Características esenciales D1 D2

Un proceso para fabricar una 
biomasa algal 

La  presente  invención 
proporciona un proceso para el 
cultivo  de  micro-organismos 
eucariotas que son capaces de 
producir  al  menos 
aproximadamente  20%  de  su 
biomasa  como  lípidos  y  un 
método para la producción de 
los lípidos. (Col. 2, líneas 42 a 
45). 

Los  microrganismos  se 
seleccionan  del  grupo  que 
consiste  en  algas…(Col.  2, 
línea 67).

Cincuenta  mililitros  de  medio 
de cultivo M10-5 se inocularon 
con  una  colonia  de 
Schizochytrium  sp,  S31 
8ATCC No. 20888) tomada de 
una  placa  de  agar.  El  medio 
M10-5  contiene  1000mL  de 
agua  deionizada,  2.5g  de 
NaCl, 0.5 g de MgSO4 7H2 O, 
0.1 g KCl, 0.02 g CaCl2, 1.0 g 
KH2  PO4,  1.0  g  extracto  de 
levadura, 5.0 g de glucosa, 5.0 
g  ácido  glutámico,  0.2  g 
NaHC03, 5 ml de solución PII 
de metales traza, 2 ml mezcla 
de  vitaminas  y  2  ml  de 
antibiótico. El cultivo se incubó 
a 30°C en un agitador rotatorio 
a  200  rpm,  después  de  dos 
días  presentaba  densidad 
moderada y crecimiento activo. 
20mL  de  éste  cultivo  se 
inocula  en  un  reactor  de  2 
litros que contiene 1700mL de 
medio  M10-5.  El  fermentador 
se  mantiene  a  30°C  con 
aireación de 1 vvm y agitación 
a 300rpm después de 48 horas 
la concentración de células era 
21,7  g/l.  (Ejemplo  9.  Col.  30, 
línea 61 a col. 31, línea 21). 

Que incluye cultivar un alga 
bajo  condiciones  de  cultivo 
suficientes para proporcionar 
una biomasa algal 

Los  microorganismos  fueron 
producidos  en  fermentadores 
con un volumen 1200 galones. 
El  caldo  de  fermentación 
resultante  se  concentró  y  se 
secaron  los  microrganismos 
usando un secador de tambor. 
Los  lípidos  de  alícuotas 
resultantes se extrajeron y se 
purificaron  para  producir  un 
aceite refinado, blanqueado, y 
desodorizado…. Se realizaron 
nueve  fermentaciones  de 
Schizochytrium  ATCC  nº 
20.888  (Schizochytrium  sp. 
especie de microalga) [5] y los 
resultados  se  muestran  en  la 
Tabla  1.  (Col,  8  líneas  43  a 
55).

De acuerdo a la tabla anterior, las características esenciales de la reivindicación 1, 
divulgadas previamente en los documentos D1 y D2, los cuales dan a conocer dos 
métodos  de  cultivo  en  el  que  se  obtiene,  dependiendo  de  la  cepa,  diferentes 
contenidos de lípidos que incluyen rangos por encima del 67% en peso.

En consecuencia, la reivindicación 1 no es nueva según lo divulgado en D1 y D2.

Asimismo,  el  documento  D1  enseña  características  esenciales  de  las 
reivindicaciones dependientes así:

5 http://www.sciencedirect.com/science/article/pii/S0044848609004189
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Reivindicación  2:  En  un  aspecto  de  la  presente  invención,  la  condición  de 
fermentación comprende una etapa de aumento de densidad de la biomasa y una 
etapa de producción de lípidos,  caracterizado porque la  etapa de aumentar  la 
densidad de la biomasa comprende la adición de la fuente de carbono y la fuente 
de  nitrógeno,  y  la  etapa de producción de lípidos comprende la  adición  de la 
fuente de carbono sin la adición de la fuente de nitrógeno para inducir condiciones 
de nitrógeno limitante que induce la producción de lípidos.. (Col. 2, líneas 52 a 60).

Reivindicaciones 4, 5, 7, 8, 10 y 11: Más preferiblemente, una fuente de carbono 
de  la  presente  invención  es  un  carbohidrato,  incluyendo,  pero  no  limitado  a, 
fructosa, glucosa, sacarosa, melaza y almidón. (Col. 5, líneas 14 a 17).

Reivindicación  13:  Los  procesos  de  la  presente  invención  para  el  cultivo  de 
microorganismos del orden Thraustochytriales incluyen la adición de una fuente de 
carbono y una fuente de nitrógeno a un medio de fermentación (…). Este proceso 
de fermentación, donde se añade un sustrato (por ejemplo, una fuente de carbono 
y una fuente de nitrógeno)  en incrementos,  se conoce generalmente como un 
proceso de fermentación de lote alimentado. (Col. 4, líneas 46 a 54).

Reivindicación 17:  Cualquier  método de aislamiento conocido se puede utilizar 
para  aislar  los  microorganismos  del  medio  de  fermentación,  incluyendo 
centrifugación, (…). (Col. 7, líneas 2 a 5).

Reivindicación 20:  Se realizaron nueve fermentaciones de Schizochytrium ATCC 
nº 20.888 y los resultados se muestran en la Tabla 1. (Col, 8 líneas 43 a 55).

Reivindicación  30:  La  Tabla  1,  muestra  resultados de  biomasa  obtenida,  cuyo 
contenido total de lípidos es superior al 67% en peso (DHA + FAME): apunte N°1= 
67,3%, N°2=70,7%; N°4=73,6%; N°5=67%. (Col. 8, Tabla 1).

El  documento  D2,  también  ha  divulgado  características  esenciales  se  de  las 
reivindicaciones dependientes así:

Reivindicaciones 9, 12 y 14: Ejemplo 4. Se cultivan células de Schizochytrium sp. 
En un medio de cultivo sólido F-1, las cuales se trasladan a un medio de cultivo M-
5  luego  se  toma  un  volumen  del  primer  cultivo  en  M5  y  se  traslada  a  otro 
fermentador de lote alimentado con medio de cultivo M-5 (Col.21, líneas 3 a 35).

Los medios de cultivo constan de:

F-1 (Col. 19 líneas 8 a 20) M-5 (Col. 21 líneas 8 a 23)
Agua de mar NaCl
Agua destilada MgSO4*7H2O
Agar KCl
Glucosa CaCl2
Proteína hidrolizada Glucosa
Extracto de levadura Urea
Vitamina A Glutamato
Metales traza PII KH2PO4

Antibióticos Metales PII
Vitamina A
Antibióticos
Jarabe de maíz
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Extracto de levadura

Reivindicación 15:  El método además comprende cultivos de Thraustochytriales 
que  comprenden  Thraustochytrium,  Schizochytrium  o  sus  mezclas,  (…),   un 
periodo de tiempo entre 6 y 24 horas. (Col. 5, líneas 27 a 32).

Reivindicación 16: se puede obtener un producto rico en proteínas y en omega 3 
mediante la cosecha de las células en la fase de crecimiento exponencial, (…), de 
forma que el medio está agotado en la fase exponencial tardía. (Col. 10, líneas 17 
a 28).

Nivel inventivo (Art18 D486)

La reivindicación 3 consiste en “El proceso de conformidad con la reivindicación 2,  
caracterizado  porque  un  medio  de  cultivo  de  dos  o  mas  medios  de  cultivo 
contiene:...” (Ver pág. 119, Rad. No. 13-301024-00000-0000).

Comparación de las características técnicas esenciales con las del Estado de la Técnica:

Características esenciales D2 D3
50 g/L de No menciona

Glicerol (10 – 90 g/L) (Resumen).
una fuente de carbono.

Glucosa. (Ejemplo 4. Col. 21, línea 
10).

7,5 g/L de No menciona.
Extracto de levadura (1 – 10 g/L) 
(Resumen).extracto de levadura

Extracto de levadura.  (Ejemplo 4. 
Col. 21, línea 15).

0,15 g/L de No menciona No menciona.
sulfato de magnesio MgSO4 . 7H2O. No menciona.

0,15 g/L de No menciona. No menciona.
cloruro de calcio CaCl2 No menciona.
0,15 g/L de No menciona. No menciona.
cloruro de magnesio No menciona. No menciona.

Los documentos D2 y D3 se consideran el  estado de la  técnica cercano a la 
invención definida en la reivindicación 3, ya que D2 divulga un proceso para el 
crecimiento heterótrofo de microorganismos como algas del tipo  Schizochytrium 
para la obtención de ácidos grasos tipo DHA; Y D3 divulga un estudio para la 
producción de ácidos grasos poliinsaturados de cadena larga (PUFA) a partir de 
biomasa de Schizochytrium.

La diferencia entre la invención de la reivindicación 3 y el documento D2 es que 
éste último no menciona las cantidades de los componentes del medio de cultivo 
como: 50g/L de fuente de carbono, 7,5g/L de extracto de levadura, 0,15 g/L de 
cada  una  de  las  sales  (sulfato  de  magnesio,  cloruro  de  calcio,  cloruro  de 
magnesio).

La diferencia entre la reivindicación 3 y el documento D3 es que éste último no 
menciona  explícitamente  el  contenido  de  las  sales  micronutrientes  (sulfato  de 
magnesio, cloruro de calcio, cloruro de magnesio).

No se evidencia un efecto técnico inesperado en la composición del  medio de 
cultivo  establecida  en  la  reivindicación  3  ya  que la  composición  del  medio  de 
cultivo es una variable que puede cambiar de acuerdo a la etapa de cultivo que se 
lleve a cabo, por ejemplo la tapa de reproducir un inóculo, la etapa de incremento 
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de biomasa y la etapa de incremento en el producto (lípidos). No se evidencia en 
los  ejemplos  de  la  descripción  que  se  hayan  llevado  a  cabo  diferentes 
experimentos  con diferentes  composiciones del  medio  de  cultivo  que permitan 
llegar a la conclusión de que el objeto de la invención (contenido de grasas mayor 
al  67%  en  peso)  se  deriva  de  la  composición  específica  indicada  en  la 
reivindicación 3.

Por lo tanto el problema técnico objetivo que pretende resolver la invención de la 
reivindicación  3  se  puede  formular  así:  “¿cómo  formular  un  medio  de  cultivo 
adecuado para el crecimiento de microalgas cuyo contenido en lípidos sea mayor 
al 67% en peso?

Sin  embargo el  documento D3 ya había solucionado previamente  el  problema 
objetivo de la invención, obteniendo cultivos de S. limacinum cepa SR21  donde el 
contenido de lípidos en peso supera el 67% (Tabla 2).

De  acuerdo  a  D3,  los  componentes  principales  del  medio  de  cultivo  de  la 
reivindicación  3  se  encuentran  previamente  divulgados  (fuente  de  carbono: 
Glicerol  contenido  10  -  90  g/L;  extracto  de  levadura  de  1  a  10  g//L),  los 
micronutrientes tales como sulfato de magnesio,  cloruro de calcio  y  cloruro de 
magnesio se encuentran implícitos en el medio de cultivo de D3 puesto que dicho 
medio se prepara en agua de mar (numeral 2.1).

Adicionalmente la persona normalmente versada en la materia está motivada a 
hacer modificaciones a los medios de cultivo divulgados en D2, de acuerdo a las 
composiciones divulgadas en D3 obteniendo biomasa algal con un contenido de 
grasa superior al 67% en peso, llegando así al objeto de la reivindicación 3. 

Las reivindicaciones dependientes 6, 21,22 y 23 carecen de nivel inventivo por no 
aportar a la invención características técnicas que generen un efecto inesperado a 
la luz de los documentos D2 y D3.

La reivindicación 24 consiste en “El proceso de conformidad con la reivindicación 
1, caracterizado porque...”

Comparación de las características técnicas esenciales con las del Estado de la Técnica:

Características esenciales D1
El  proceso  de  conformidad  con  la 
reivindicación 1, caracterizado porque 

El  proceso  de  la  presente  invención  (Col.  6, 
línea 26).

la condiciones de cultivo comprenden correr 
el cultivo de algas a 30°C

Donde la temperatura del proceso es al menos 
aproximadamente 30°C. (Col.6, línea 27).

Bajo condiciones de flujo de aire y agitación 
para mantener el oxígeno disuelto a 10%.

No menciona.

El documento D1 se considera el estado de la técnica más cercano a la invención 
definida en la reivindicación 24, debido a que divulga un método de cultivo de 
microalgas donde la biomasa producida presenta un alto contenido de lípidos.

La diferencia entre la solicitud y el documento D1 es que éste último mantiene 
durante la primera etapa del proceso, destinada a incrementar la densidad de la 
biomasa, un nivel de oxígeno disuelto alrededor del 8%.
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No se evidencia un efecto técnico de mantener el oxígeno disuelto del fermentador 
en el 10%, ya que según la descripción ésta condición es preferible, y aunque el 
oxígeno disuelto puede variar entre el 7 y el 15%, no se observan resultados o 
ejemplos que sustenten que una saturación de oxígeno del 10% sea la condición 
óptima  de  cultivo.  Es  indispensable  que  se  den  a  conocer  las  condiciones 
necesarias para mantener el resultado a alcanzar.

Teniendo en cuenta lo anterior, el documento D1 había anticipado un método de 
cultivo de microalgas destinado a la obtención de lípidos en el cual el oxígeno 
disuelto se controla en 8%. 

En consecuencia la persona del oficio normalmente versada en la materia tiene 
motivación para que dentro de la optimización de un cultivo de algas realizado de 
acuerdo a los parámetros de D1, se lleve a cabo con una saturación de oxígeno 
del 10%, por lo que se considera obvia y carece de nivel inventivo.

La  reivindicación  25  se  afecta  con  el  conocimiento  del  técnico  normalmente 
versado  en  la  materia  el  cual  sabe  que  los  procesos  fermentativos  requieren 
realizarse en condiciones estrictas de asepsia en todas sus etapas con el fin de 
mantener el cultivo puro evitando que microorganismos no deseados consuman el 
medio de cultivo y se obtengan productos diferentes al objetivo.[6].

8. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Item Documento Reivindicaciones afectadas Requisito que afecta

D1 US 6,607,900
1,2,4,5,7,8,10,11,13,17,20 y 30.

24 y 25.
Novedad/Nivel Inventivo

Nivel Inventivo

D2 US 5,130,424
9, 12, 14, 15, 16 y 26 a 29.

3,6 y 21 a 23.
Novedad/Nivel Inventivo

Nivel Inventivo

D3 Art. 1 3,6 y 21 a 23. Nivel Inventivo

6 http://es.wikipedia.org/wiki/Biorreactor#Cultivos_y_fermentaciones



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2015-06-23

Elaboró: Luis Eduardo Romero Benavides
Revisó: Rosa Patricia Tellez Chavarro

       Expediente 13-301024-  -2                                                        
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a b s t r a c t

Schizochytrium limacinum SR21 was used to remove waste nutrients from a marine recirculating aqua-
culture wastewater while simultaneously producing a valuable biomass containing PUFA enriched with
long chain fatty acids which may have potential as an aquafeed additive.

Clean seawater and marine aquaculture wastewater supplemented with yeast extract (1.0–10 g L−1)
and glycerol (10–90 g L−1) were used for a comparative study of growth and PUFA production using S.
limacinum in batch, continuous and in a packed bed reactor (pall rings, surface area 340 m2/m3) that allow
surface growth and cell recycling for a high cell density culture. Good growth rates (� = 0.013 h−1) were
obtained in batch and continuous culture modes. Biomass of S. limacinum was increased from 4.0 g L−1 as
DCW in batch culture to 57.9 g L−1 in retention culture (D = 0.062 h−1). Retention culture of S. limacinum
in a packed bed reactor also produced total lipids of 36.5 g L−1 (53–65%, w/w as DCW) and long chain
fatty acids (>C22) of 12.6 g L−1 (21.8%, w/w as DCW) in 350 h. Long chain fatty acids of C22, C18 and C16,
as the main fatty acids, were produced and production was enhanced when supplemented wastewater
was used in growth medium. Changes to the relative concentrations of glycerol and yeast extract (C:N
ratio) alter the amounts of oil produced and types of fatty acid produced.

S. limacinum in continuous culture mode (D = 0.013 h−1) enabled significant reductions (<90%) in phos-
phorous, nitrogen and ammonia concentrations of marine aquaculture wastewater and efficiency of
wastewater treatment was further improved in retention culture operating at D = 0.062 h−1. This system
would be well suited to treating nutrient concentrated effluent from sludge sedimentation/dewatering
tanks in recirculating aquaculture systems (RAS). The treatment capacity of the reactor was considerable
and in this current study, 420 g N, 190 g P and 10 g total NH3 day−1 m−3 reactor could be removed using
the retention culture system.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Although recirculating aquaculture systems (RAS) represent an
efficient use of water for growing fish, the wastewater released
from aquaculture farms can contain high levels of nutrients, which
are able to cause significant environmental impacts to receiving
waters [Cripps and Bergheim, 2000; McIntosh and Fitzsimmons,
2003; Lovitt et al., 2008].

Recirculating aquaculture systems (RAS) commonly comprise
of fish rearing tanks, pumping equipment for water circulation,
equipment to remove insoluble particles by the gravitational and

∗ Corresponding author. Tel.: +44 1792295198; fax: +44 (0)1792 295676.
E-mail addresses: I.jung@swansea.ac.uk, ilseon5521@hanmail.net (I.S. Jung),

r.w.lovitt@swansea.ac.uk (R.W. Lovitt).
1 Tel.: +44 1792295709.

mechanical methods (sedimentation tanks, sludge cone collectors,
drum filters and protein skimmers) from the main stream; inte-
grated biosystems (e.g. constructed wet lands, biofilter media) to
remove or transform soluble organic and inorganic nutrients; and
oxygen contactors for aeration [Losordo et al., 2000; Wik et al.,
2009]. The principle waste product a watery sludge of collected
insoluble particles is typically disposed of by spreading on the
land directly as a fertilizer, mineralized in an anaerobic digester
or put to landfill. The amounts of sludge and soluble nutrients dis-
charged daily from recirculation aquaculture systems is dependent
on species, feed, fish stocking density and type of wastewater treat-
ment system employed (Table 1).

In recirculating aquaculture systems (RAS), the effluents are typ-
ically a stream of insoluble particles and suspending a nutrient-rich
water which is passed through mechanical filters, biological filters
or constructed wetlands to reduce the nutrient burden before being
discharged or recycled [Lekang et al., 2000; Hunter et al., 2001;

0144-8609/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.aquaeng.2010.05.004
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Patterson et al., 2003]. Even if insoluble particles contain the major-
ity of nutrients such as organic carbon, nitrogen and phosphorous,
the dissolved nutrient content in wastewaters is still significantly
elevated levels above ambient and can cause eutrification of receiv-
ing waters or poor water quality within the fish farm [Barak and
Rijn, 2000]. The effluent treatment methods such as bio-filtration
(mainly for nitrification and denitrification), have been extensively
investigated to improve both the quality of rearing water on the
farm [Thomas et al., 2000; Sauthier et al., 1998; Rijn et al., 2006] and
at the point of discharge [Hussenot et al., 1998; Klas et al., 2006].

Also, requirements process of wastewater and sludge treatment
systems in fresh water and marine aquaculture farms differ, oper-
ating to specific standards and employing different biological and
physical process to remove the nutrient burden in wastewater
effluent. Marine effluents disposal is problematic requiring saline
treatment processes that are predominately aerobic in nature, i.e.
salt tolerant of organisms and the presence of the sulfate reduc-
tion in anaerobic systems, producing hydrogen sulfide [Aspé et al.,
1997; Lefebvre and Moletta, 2006].

Likewise, the efficient wastewater treatment systems should be
designed for the sustainability where expensive treatment may
be offset by the production of a valuable product [Lemarié et al.,
1998]. One approach is to utilize aquaculture wastewater as a nutri-
ent source for the production of high value materials so that the
wastewater can be cleaned while reducing the demand for nutri-
ents that would otherwise be required for production of another
organism.

Schizochytrium limacinum is a thraustochytrid that can grow
in marine and estuarial environments. Many investigations con-
cerning its physiology and biochemistry have been made and key
feature of S. limacinum culture is the heterotrophic production of
poly-unsaturated fatty acids, particularly Omega-3 fatty acids such
as docosahexaenoic acid (DHA) or eicosapentaenoic acid (EPA) [Guo
et al., 1999; Tonon et al., 2002; Ward and Singh, 2005; Burja et al.,
2006; Morita et al., 2006]. DHA-rich PUFA from S. limacinum have
a potential to use for human and animal nutrition [Cardozo et al.,
2007]. Researchers have investigated the safety of these products
including studies on animal toxicity [Hammond et al., 2001a,b,c;
Abril et al., 2003], nutrition [Hammond et al., 2001a,b,c], muta-
genicity [Hammond et al., 2002] and reproduction [Hammond et
al., 2001a,b,c]. PUFA-rich marine algae and S. limacinum can be
used as aquaculture feeds. When marine microalgae and S. limac-
inum of dry powder form were fed, juvenile mussels grew rapidly
[Langdon and Önal, 1999]. Feeding on fish with rotifer or Artemia
nauplii enriched with marine single cell heterotrophs also resulted
in enhanced growth of Atlantic halibut larvae and recorded a sig-
nificant improvement on the differentiation rate of sea bass larvae
[Harel et al., 2002].

S. limacinum accumulates PUFA in lipid bodies using glucose,
glycerol or ammonium acetate as a carbon source for heterotrophic
growth [Yokochi et al., 1998]. S. limacinum was investigated for
production of long chain fatty acids and Xanthophylls in Shochu
distillery wastewater in Japan [Yamasaki et al., 2006]. Three major
fatty acids were found: docosahexenoic acid (22:6n-3, DHA), docos-
apentaenoic acid (22: 5n-6, DPA) and palmitic acid (C16). The
composition of fatty acids in Schizochytrium sp. has been shown
to vary according to culture temperature and salinity [Zhu et al.,
2007]. Also, the culture conditions of S. limacinum have been inves-
tigated for growth and production of PUFA in a wide range of carbon
and nitrogen sources, and pH [Wu et al., 2005]. Furthermore, S.
limacinum is of marine-origin and requires high levels of sodium
for growth, providing a good opportunity to culture on marine
aquaculture wastewaters.

In this study, the growth of S. limacinum SR21 was investigated
for the simultaneous production of PUFA-rich biomass as a poten-
tial raw material for aquafeed supplements, while reducing the
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levels of nitrogen, phosphorous and ammonia in waste effluents
from an experimental marine RAS.

We report the growth rate and production of lipids and long
chain fatty acids by S. limacinum in sterilized marine aquaculture
wastewater supplemented with yeast extract and glycerol. The
development of a cell retention culture mode was investigated for
high density culture of S. limacinum to facilitate cell recovery from
the process and to improve the efficiency of wastewater treatment.

2. Materials and methods

2.1. Chemicals

All chemicals were purchased at general grade from Fisher sci-
entific (U.K.). All fatty acids produced were identified by G.C using
Standards of fatty acid methyl esters (FAME) of unsaturated (ME14-
1KT) and saturated (ME10-1KT), as the references, purchased from
Supelco (USA).

Marine aquaculture wastewater and clean seawater were
obtained from the Centre for Sustainable Aquaculture Research
(CSAR) at Swansea University. In CSAR the clean seawater sup-
ply had been subjected to sand filtration, ozonation, de-ozonation
via activated carbon, followed by UV disinfection prior to use.
The wastewater was obtained from an effluent sedimentation tank
serving two 60 m3 marine recirculating aquaculture systems (RAS)
stocked with various aquaculture species including European sea
bass, Atlantic cod, European turbot and Pacific white shrimp. Water
was recirculated to the livestock rearing tanks every 30 min to 1 h
following purification by mechanical filtration, ozonated protein
skimming, biofiltration and UV disinfection. Approximately 3% of
each RAS by volume was replenished daily. The slurry of insoluble
particles washed from the mechanical filters and protein skimmers
was stored in a sedimentation tank, from which supernatant was
pumped for use in the current trials. The slurry of insoluble parti-
cles in the sedimentation tanks will also spontaneously deteriorate
under the influence of biological and chemical processes releas-
ing soluble nutrients. Both the aquaculture wastewater pumped
up from the sedimentation tanks and the clean seawater was used
for formulation of S. limacinum growth media without further fil-
tration.

2.2. Microorganism and propagation

Marine water was used in all culture media. Growth media for
all cultures used in this investigation were sterilized by autoclave
at 121 ◦C for 20 min before cultivation. The salinity of seawater
used for cultivation was at 2.9–3.0% (w/v). Both seawaters used for
culture media were supplemented with yeast extracts and glyc-
erol otherwise particularly mentioned, even if the concentrations
are different from one after another according to purpose of the
experiment.

S. limacinum SR21 [Yokochi et al., 1998] was purchased from
ATCC (MYA-1381TM). S. limacinum was grown at the shaking flask
(120 rpm, Innova 44, New Brunswick Scientific) of 250 mL contain-
ing 100 mL sterile clean seawater supplemented with yeast extract
(1.0 g L−1) and glycerol (10 g L−1) for 3 days (25 ◦C). Cells were har-
vested by centrifugation in sterile conditions and washed with 5 mL
sterile clean water. After another centrifugation, pellets were col-
lected and re-suspended in sterile clean water containing glycerol
(25%, w/v). Vial suspensions were preserved at −70 ◦C until needed
for inoculation

2.3. Culture conditions

Vial suspensions were thawed at 30 ◦C immediately after taking
out of −70 ◦C before inoculation. Cell suspensions were pre-

cultured in the 250 mL flasks containing culture medium of 100 mL
seawater supplemented with yeast extract (1.0 g L−1) and glycerol
(10 g L−1) for 3 days and then the pre-culture was transferred into
main culture with inoculation volume of 5% (v/v) main culture.

Flask cultures were used for initial investigations of culture
conditions and to inoculate the subsequent batch, continuous and
retention cultures. Shake flask cultures, the main culture, were car-
ried out in 250 mL Erlenmeyer flasks with working volume of 50 mL
for 10 days. Glycerol was compared with glucose as a carbon source
to support growth of S. limacinum in flask culture containing clean
seawater and wastewater supplemented with 1.0 g L−1 of yeast
extract. The concentration of carbon sources was increased from
nil to 150 g L−1 to investigate the effect of carbon sources in total
biomass and growth rate. Also, the effect of growth temperature
in growth rate was investigated in flask culture containing clean
seawater supplemented with yeast extract of 1.0 g L−1 and glyc-
erol of 10 g L−1. The investigation was undertaken in the constant
temperature chambers at 20 and 25 ◦C.

The bioreactor for batch culture (5.0 L) was a Pyrex-glass vessel
fitted with a 100 mm rubber head plate through which a sample
line, a pH probe and feeding lines for liquids and gases. The wastew-
ater from CSAR was used for formulation of growth medium during
the batch culture (Fig. 3). The cultures were agitated by a mag-
netic stirrer with aeration during the fermentation. The assembled
reactor together with media was autoclaved prior to inoculation.
After sterilization, the bioreactor was placed in constant tempera-
ture chamber at 25 ◦C. The pH was controlled by manually adding
alkaline solution (NaOH 1.0 M) under sterile conditions whenever
pH dropped below 6.0. A 1 L flask culture was used for inoculation
of batch culture with 5.0% culture volume. The concentrations of
yeast extract and glycerol were changed according to purpose of
the investigation in the flask and the batch culture.

The bioreactor for the continuous culture had additionally a
gravity weir fitted and was autoclaved assembled before being
placed in a constant temperature chamber of 25 ◦C. For the con-
tinuous culture, S. limacinum was grown in the starter culture
with marine aquaculture wastewater supplemented with yeast
extract at 3.0 g L−1 and glycerol at 50 g L−1 for 165 h as a batch
prior to the start of feeding. The continuous culture was fed with
marine aquaculture wastewater supplemented with yeast extract
at 1.0 g L−1 and glycerol at 10 g L−1. Dilution rate was controlled
between 0.0062 and 0.013 h−1 during the continuous culture.

2.4. Retention culture of S. limacinum

The bioreactor used for batch culture of S. limacinum was mod-
ified for retention culture using a sedimentation vessel of 250 mL
and packing elements of polyethylene plastic pall rings (Fig. 1).

The packed bed was formed using polyethylene pall rings of
16 mm diameter × 16 mm long (HAT International Ltd, UK), to pro-
vide the consistent surface with a surface area of ∼=340 m2 m−3 of
packing elements and with voidage characteristics necessary for
good mixing and mass transfer. Fig. 1 shows pall rings packing and
illustrates how the packing elements retain biomass in the biore-
actor during the fermentation. Fig. 1 also shows how the ancillary
equipment was organized for cell retention culture of S. limacinum.
Biomass of S. limacinum was retained in the bioreactor by the pack-
ing elements, from which large flocked materials were blocked off
and were easily collected by a gravitational sedimentation in the
sedimentation vessel. The settled biomass was pumped back to the
bioreactor by the peristaltic pump. The volume of the packing ele-
ments in the bioreactor was increased from 2.0 L (∼=40 g L−1) to 5.0 L
(∼=100 g L−1) during the trials to increase the surface area and con-
sequently the amounts of biomass accumulated in the bioreactor.

For the high cell retention system, marine aquaculture wastew-
ater supplemented with yeast extract of 10 g L−1 and glycerol of
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Fig. 1. Bioreactor (5.0 L) for the retention culture of S. limacinum SR21 constructed with the sedimentation vessel of 250 mL, the packing elements (5.0 L ∼=500 g L−1), the
reservoir tank (5.0 L) and the peristaltic pump. Sedimentation vessel was placed between bioreactor and the reservoir tank. Packing elements (pall rings) as shown at the
picture were randomly packed in the bioreactor. Biomass settled in the sedimentation vessel was pumped back to the bioreactor by the peristaltic pump on a daily basis.
Only clarified liquid would pass into the effluent reservoir tank.

90 g L−1 was used for the starter culture for 165 h prior to starting
continuous feeding with marine aquaculture wastewater supple-
mented with yeast extract of 1.0 g L−1 and glycerol of 3.0 g L−1.
Dilution rate was started at 0.013 h−1, but when cell mass was
increased, it was increased to 0.062 h−1. Cell mass accumulating
in the bioreactor was measured at the end of the investigation due
to a difficulty in intermediate sampling (Table 2). The pH during
retention culture was maintained above pH 6.0 by adding alkaline
solution (NaOH, 1.0 M). The bioreactor was aerated via the air filter
(Pall, U.K) at 1.0 L min−1 and then ventilated through the effluent
tank (5.0 L).

To investigate the effect of glycerol on total oil productivity the
glycerol concentration in feed medium was changed from 10 g L−1

to 90 g L−1 using 1 g L−1 yeast extract. The retention culture of S.
limacinum used 80 g L−1 packing materials.

2.5. Assay of cell mass

Cell growth in the culture was measured by absorbance at
550 nm 1 cm light path (Unicam 330 by Unicam Co. Ltd.) and was
correlated to dry weight. Dry cell weight (g L−1 as DCW) measure-
ments were also made directly. Here the cultured broth (10 mL)
was filtered through the filter paper (Whatman No. 2) and rinsed

to remove the salts in the filter paper with distilled water in three
times. The washed filter papers were dried for 4 h at 105 ◦C. DCW
was determined by a weight difference between the blank filter
paper and the filtered.

2.6. Analysis of total nitrogen (TN), total phosphorous (TP) and
total ammonia (TA)

For analyses of TP, TN and TA, the cultured broths were
filtered through the glass filter (GF/C from Whatman). The per-
meates were subject to analyses of TP, TN and TA [Clescert et
al., 1999]. TA (NH3-N) was analyzed with phenol and alkaline
hypochlorite to give indophenol blue in room temperature and
developed blue colour is intensified with sodium nitroprusside.
TP was measured as colourimetric determination of dissolved
orthophosphates by vanadomolybdophosphoric acid method. TN
was analyzed as NH3-N after Kjeldhal digestion of the sam-
ples.

2.7. Analysis of glycerol, lipids and fatty acids

Glycerol was measured by HPLC (Varian) installed with the
guard column and the analytical column (Carbopack MA1, Dionex),

Table 2
Production yields of long chain fatty acids, biomass and dilution rate in continuous culture and three different retention culture modes of S. limacinum SR21 (n = 3, SER; ±3%).

Cultures Culture time (h) Dilution rate (h−1) Biomass* (g L−1, DCW) Lipid content* (%, w/w)

Continuous 600 0.013 4.30 53–65
Sedimentation 350 0.023 13.6 55.8–67.5
Sedimentation + packing (40 g L−1) 350 0.033 26.23 55.9–66.4
Sedimentation + packing (100 g L−1) 350 0.062 57.94 49.6–63.40

Packing elements of 40 g L−1 is equal to 0.00045 m3 and 100 g L−1 is equal to 0.001 m3.
* Biomass was measured as the amount accumulated in the bioreactor.
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and the electrochemical detector (ED40, Dionex). NaOH (480 mM)
was used in the isocratic mode for the mobile phase.

Samples were vigorously mixed with n-hexane (Hex-
ane:sample = 1:1) to remove lipids in the cultured broth and
then the water and the lipid layer were separated in a micro-
centrifuge for 3 min in 13,000 rpm. Only the water layer (middle)
between pellet (bottom) and the lipid layer (upper) was injected
into HPLC for glycerol assay.

For measurements of total lipids, the culture liquid was removed
from the samples by centrifugation and then the pellets were
washed with distilled water twice. Washed pellets were dried at
105 ◦C for 4 h. Lipids were extracted from dried biomass with a
chloroform: methanol mixture in a 2:1 ratio until the colour of the
solvent layer disappeared. The amounts of lipids (g of total lipids
g−1 as DCW) produced were determined by the weight difference
between the blank flask and the flask containing the extracted oil
after the solvent evaporation under vacuum.

Lipids were then subjected to acid methylation (Methanol–HCl
in a 90 to 10 ratio) at 80 ◦C for 40 min. Fatty acid methyl esters
(FAME) were extracted with n-hexane (Reaction mixture to hex-
ane ratio was 1 to 1) for 1 h and then the n-hexane layer containing
FAME was evaporated again under vacuum. FAME as a white pow-
der was dissolved at dichloromethane and then injected into G.C.

The FAME were analyzed with G.C. (Varian 3800) fitted with
Chrompack capillary column: Wcot fused silica (25 m × 0.32 mm
ID coating CP-WAX 57CB, DF = 0.2) from Varian and the rear FID
detector (250 ◦C). The temperature range of column was from 75 ◦C
to 250 ◦C. Temperature was maintained at 75 ◦C for 5 min and then
increased to 140 ◦C at the rate of 14.0 ◦C min−1 and increased again
to 250 ◦C at the rate of 15 ◦C min−1. Injector (Split type, 100%) was
controlled at 250 ◦C.

3. Results

3.1. Water analysis

The aquaculture wastewater was found to contain TP, 8.33 ppm;
TN, 4.42 ppm and TA, 2.82 ppm and the clean seawater was found
to contain TP, 2.38 ppm; TN, 2.23 ppm and TA, 0.55 ppm (Table 4).
Clearly, the marine wastewater contained significantly higher
concentrations of dissolved inorganic nutrients than the clean sea-
water.

3.2. Cell growth in flask and batch cultures

Growth of S. limacinum was compared in 250 mL flask cultures
(50 mL culture volume) containing clean seawater or aquacul-
ture wastewater from the RAS effluent settlement tank (Fig. 2).
The specific growth rate (�) of S. limacinum was slightly lower
in wastewater (� = 0.011 h−1) than clean water (� = 0.012 h−1) at
20 ◦C, but growth rate increased to 0.051 h−1 in clean water and to
0.037 h−1 in wastewater, respectively, as grown at 25 ◦C for 96 h.
Cell mass in flask culture at which pH control was not applied for
increased up to 3.0 g L−1 (DCW) in clean water, but to 2.36 g L−1

(DCW) in marine wastewater, and total cell mass did not change
when the growth temperature was increased. The pH of the aqua-
culture wastewater dropped to 3.0 during the culture, whereas the
pH of the clean water was maintained at pH 7.0. The reduced pH of
the marine wastewater resulted in a reduction of cell mass at the
end of flask culture (Fig. 2).

When glycerol was substituted for glucose as a carbon source,
total cell mass did not show to be significantly different to the sim-
ilar concentration of glucose. When the concentration of carbon
sources was increased in the flask culture from nil to 70 g L−1, total
biomass increase to 2.8 g L−1 using glycerol and 3.3 g L−1 using glu-
cose for 160 h, but there is no more increase when more carbon

Fig. 2. Growth of Schizochytrium limacinum SR21 in time for flask culture (n = 3,
Standard error rate (SER); ±3%). The pH (a) and growth (b) was compared at flask
culture containing marine wastewater and clean water supplemented with yeast
extract (1.0 g L−1) and glycerol (30 g L−1) during the culture of S. limacinum. Clean
seawater (©); Wastewater (�).

source was added into flask culture. Cell growth was not detected
in the absence of additions of a carbon source or yeast extract to the
flask culture. Glycerol as a carbon source can be used at low cost
in conjunction with the recycling process of biodiesel production
[Chi et al., 2007]. Also, growth rate of S. limacinum was not affected
by either type or the concentration of carbon sources in the flask
culture.

Although the carbon sources did not affect total biomass of S.
limacinum, yeast extract stimulated growth at a concentration up
to 3 g L−1, yielding an increase in specific growth rate to 0.037 h−1

(from 0.005 h−1). Specific growth rate did not increase further
when yeast extract concentration was raised above 3 g L−1 (data
not shown).

When the flask culture of S. limacinum was scaled-up to 5.0 L
of the batch culture using marine aquaculture wastewater sup-
plemented with yeast extract of 3.0 g L−1 and glycerol of 50 g L−1,
the specific growth rate decreased to 0.011 h−1 from 0.037 h−1, but
total cell mass increased to 3.72 g L−1 (DCW) in the batch culture
for 150 h (Fig. 3).

3.3. Cell growth in continuous culture

The batch culture of S. limacinum was developed into the
continuous culture using marine aquaculture wastewater supple-
mented with yeast extract (1.0 g L−1) and glycerol (10 g L−1) as
feed medium. Biomass was washed out at dilution rate (D) above
0.013 h−1, but when dilution rate was controlled below 0.013 h−1,
biomass increased to 4.3 g L−1 as DCW (Fig. 4). 26.2 L supplemented
wastewater was treated during the continuous culture of 600 h and
total biomass of 50.9 g as DCW. The overflow from the bioreactor
was collected (Table 2). Cell density in the bioreactor was 4.3 g L−1

in end of the continuous culture.
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Fig. 3. Growth of S. limacinum SR21 in time for batch culture (n = 3, SER; ±3%). The
batch culture was performed at marine aquaculture wastewater supplemented with
yeast extract (3.0 g L−1) and glycerol (50 g L−1). The pH (a) and growth (b) are shown
during the fermentation. NaOH (1.0 M) was manually added at 92 h and 115 h when
pH went down below pH 6.0 (↓).

3.4. Retention culture of S. limacinum in a packed bioreactor

A packed bed bioreactor for the cell retention culture was devel-
oped from the continuous culture to produce a high cell density

culture of S. limacinum by allowing surface growth on the plastic
packing elements of 5.0 L (∼=100 g L−1) and recycling of S. limacinum
by the sedimentation vessel fitted into the bioreactor (Fig. 1). The
retention culture of S. limacinum also improved the efficiency of
wastewater treatment by increasing flow rates above the critical
dilution rate (D = 0.013 h−1) in the continuous culture, so allowing
a consequent reduction in retention time and increased efficiency
of the wastewater treatment.

In the bioreactor cell density of 4.3 g L−1 as DCW obtained at
end of the continuous culture increased to 13.6 g L−1 as DCW dur-
ing the retention culture with addition of the sedimentation vessel
to allow cell recycling. When pall rings were used at a volume of
2.0 L (∼=40 g L−1) in the bioreactor with the sedimentation vessel
fitted, biomass in the bioreactor increased to 26.2 g L−1 as DCW for
350 h. The concentration of biomass accumulated in the bioreac-
tor was further increased to 57.9 g L−1 over 350 h when the 5.0 L
bioreactor was fully packed to 5.0 L (∼=100 g L−1) with the pall rings
(Table 2). Total aquaculture wastewater of 58.9 L was treated dur-
ing the retention culture and the retention culture could produce S.
limacinum biomass of 289.5 g for 350 h. Total biomass (289.5 g) was
accumulated in the bioreactor by 13.5 and 5.7 times higher when
compared to the batch culture (21.5 g) and the continuous culture
(50.9 g), respectively.

It was possible to increase the dilution rate of marine aquacul-
ture wastewater during the retention culture to 0.062 h−1, which
is 4.8 times higher than 0.013 h−1 in the continuous culture since
biomass was retained by the pall rings in the bioreactor and recy-
cled in the sedimentation vessel even in the high dilution rate of
the supplemented wastewater (Table 2).

3.5. Production of total oil and poly-unsaturated fatty acids
(PUFA) in culture of S. limacinum

Production of total oils and PUFA (g of PUFA per g of DCW) were
compared when growing S. limacinum in the flask culture con-
taining either clean seawater or marine aquaculture wastewater

Fig. 4. Growth of S. limacinum SR21 in continuous culture Cell was grown in marine aquaculture wastewater supplemented with yeast extract (10 g L−1) and glycerol (50 g L−1)
like batch culture, and then the culture of S. limacinum was fed with feed medium of marine aquaculture wastewater supplemented with yeast extract (1.0 g L−1) and glycerol
(10 g L−1) during the continuous culture. Feeding was started at D-165 h (↓) and dilution rate was controlled in a certain range from 0.022–0.003 h−1. The pH was controlled
with NaOH (1.0 M) higher than pH 6.0 by manual addition. The experiment was undertaken in five times (SER; ±2%).
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Fig. 5. The effect of culture age on total oils (TO) at supplemented growth medium
with marine aquaculture wastewater and clean seawater during the culture of S.
limacinum SR21 (SER; ±5%). Production yields (%, g of total oils g−1 of DCW) of total
oils were compared in flask culture using marine aquaculture wastewater (�) and
clean seawater (©) supplemented with yeast extract 1.0 g L−1 and glycerol 10 g L−1

for 10 days. A variation on the composition of fatty acid during the culture of S. limac-
inum was displayed as the proportion of each fatty acid (FA) to total fatty acids (TFA).
(a) Cell growth and production of total oils; (b) fatty acids in marine aquaculture
wastewater; (c) fatty acids in clean seawater.

supplemented with yeast extract (1.0 g L−1) and glycerol (30 g L−1).
Over the course of 10 days in the flask cultures, total oil content
increased to almost 60% as DCW when using marine aquaculture
wastewater, compared to 53% as DCW in clean seawater. Total oil
production increased in both culture media with age, but more
so in marine aquaculture wastewater than clean seawater after 7
days (Fig. 5). Oil production by S. limacinum on marine aquaculture
wastewater required the effective control of the pH above 6.0 to
maintain growth of biomass (Fig. 2). Fig. 5 also shows a difference
in the composition of fatty acids produced during the culture of S.
limacinum in supplemented marine aquaculture wastewater versus
clean seawater. Long chain fatty acids (>C22) increased to 62.38% of

Table 3
Variations in fatty acids with culture age during the continuous culture of S. limac-
inum SR21 (SER; ±5%). Total oil was 53–63% as DCW during the continuous culture.

Time (h) D (h−1) C14 C16 C18 C22 Others

42–161 0 2.54 42.76 34.43 9.17 11.10
161–213 0.013 6.09 72.74 7.43 12.11 1.69
214–353 0.004 4.58 61.38 6.15 23.56 4.33
356–400 0.022 3.48 48.96 9.0 34.48 4.06
401–520 0.013 3.41 51.19 7.69 34.60 3.11

Portions of fatty acids were predicted as grams of fatty acids in gram of total lipids.
D; Dilution rates (h−1).

total fatty acids (TFA) in aquaculture wastewater with culture age,
but only increased to 45.15% of TFA in clean seawater.

The maximum total oil contents of S. limacinum cultured contin-
uously using marine aquaculture wastewater in 5.0 L vessels was
the similar to that found in the flask cultures, at 53–65% as DCW
(Table 2). Table 3 summarizes the time course of fatty acid composi-
tion during the continuous culture, illustrating a lower proportion
of long chain fatty acids (>C22) (20–30% of TFA) compared to that
recorded in flasks (62% of TFA).

As illustrated in Fig. 5 and Table 3, short chain fatty acids
(C14–C18) predominated, initially in both the flask and the continu-
ous cultures, however the proportion of long chain fatty acids (>C22)
increased with simultaneous reduction of short chain fatty acids
(C14–C18) with culture age. Total oil produced during the retention
culture was 55–65% (w/w) of DCW without variation on total oil
content produced during the scale-up of the cultures (Table 2).

The effect of glycerol concentration in total oil production by
S. limacinum was investigated gradually increasing glycerol con-
centration in feed medium using 80 g L−1 pall ring in a packed
bed reactor. After initial inoculation on standard medium (30 g
glycerol L−1) the organism was grown in the batch culture until
exhaustion of the glycerol carbon sources. At this point the system
was switched to a continuous modes with different concentra-
tion of glycerol in the feed medium. The glycerol concentration in
feed medium was increased while maintaining the yeast extract
concentration at 1.0 g L−1

. At the end of the batch culture the oil
content was 63.4 ± 8.02%; At steady using 10 g L−1 glycerol the
total oil content dropped to 47.6 ± 1.94%; using 30 g L−1 glycerol
49.56 ± 0.81%, with 50 g L−1 total oil content was 49.76 ± 1.48%
and at 90 g glycerol L−1 the total oil content was 41.15 ± 6.0%.
This represents reduction by about 65.0% at total oil produc-
tion over the range of glycerol used. At the same time, the long
chain fatty acid contents of TFA (%) increased from 12.1 ± 0.52% at
the end of the batch culture, 11.58 ± 0.43% using 10 g glycerol L−1

feed, 14.46 ± 1.05% with 30 g glycerol L−1 feed, 16.87 ± 0.81% with
50 g L−1 and 22.92 ± 0.21% with 90 g glycerol L−1. Therefore, as glyc-
erol concentration increased in the retention culture using the
aquaculture waste effluents, total oil productivity declined due to
high glycerol concentration in the bioreactor, but long chain fatty
acid content increased simultaneously.

3.6. Effects of different S. limacinum culture conditions on
inorganic nutrient removal from marine aquaculture wastewater

During the exponential phase of the flask culture, TP and
TN concentrations in yeast extract (3.0 g L−1)-supplemented
marine aquaculture wastewater decreased from initial values of
62.62 mg L−1 and 190.3 mg L−1, respectively to 15.4 mg L−1 and
105.65 mg L−1. TP reduced further to 10.28 mg L−1 during the sta-
tionary phase of the flask culture; however, TN increased again to
575.2 mg L−1 toward end of the culture. A similar trend of TP and TN
reduction with culture age was observed in 5.0 L the batch cultures
(data not shown), illustrating the importance of the growth phase
to efficient nutrient removal.
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Fig. 6. The effect of continuous culture on the total phosphorous, total nitrogen and ammonia in the fluids before (�) and after (©) treatment (n = 3, SER; ±5%).

The changes in TP, TN and TA during the continuous feeding of
supplemented marine aquaculture wastewater are summarized in
Fig. 6. Initial concentrations of TP, TA and TN were 25.46 mg L−1,
1.45 mg L−1 and 58.9 mg L−1, respectively as measured in marine
wastewater supplemented with 1.0 g L−1 of yeast extract after fil-
tration (GF/C from Whatman). In continuous mode using marine
wastewater effluent supplemented with 1.0 g L−1 yeast extract and
30 g L−1 glycerol with S. limacinum, TN and TP levels were reduced
by up to 77.3% and 91%, respectively of the initial levels in feed
medium, while TA level was reduced by 91.0%.

The achievements of higher dilution rates during the reten-
tion culture of S. limacinum enabled greater volumes of marine
aquaculture wastewater to be processed for inorganic nutrient
removal. Table 4 summarizes TP, TN and TA levels in wastewater
before and after treatment by S. limacinum culture in cell reten-
tion mode, illustrating great reduction (>90%) in TN and TA, and
78% reduction in TP. During the supplemented wastewater efflu-
ent treatment in cell retention mode of S. limacinum, treatment
efficiencies were improved. Volumetric reduction rate of ammo-

Table 4
Reduce of total phosphorous (TP) total nitrogen (TN) and total ammonia (TA) in
marine aquaculture effluents during the retention culture of S. limacinum in packed
bed reactor (∼=100 g L−1 of pall rings) (n = 2, SER; ±5%).

Nutrient Clean water
(g m−3)

Aquaculture
wastewater (g m−3)

Treated
wastewater (g m−3)

TP 2.38 8.33 1.89
TN 2.23 4.42 0.38
TA 0.55 2.82 0.26

Dilution rate was 0.062 h−1 using 5.0 L bioreactor and aquaculture waste water treat-
ment was undertaken in 25 ◦C for 350 h. As a result, except for 150 h for initiative
propagation of S. limacinum prior to feeding of waste water, total 67.0 L aquaculture
waste water was treated in 200 h.

nia (RA/T) was improved by 2.1 times during the treatment in cell
retention mode and volumetric reduction rate of phosphorous was
improved by a 4.85 times. As the effect of cell retention mode, dilu-
tion rate (D) was improved by 4.8 times allowing more wastewater
to treat in the same period (Table 5).

4. Discussion

S. limacinum has been the subject of many studies because it
produces poly-unsaturated fatty acids (PUFA) for human foods and
marine aquaculture feeds [Cardozo et al., 2007; Langdon and Önal,
1999; Harel et al., 2002]. Currently most Omega 3-rich PUFA pro-
duced by Crypthecodinium cohnii (DHASCO: Martek Columbia, MD,
USA) and Schizochytrium sp. (Omega-tech, USA) are recently used
with special emphasis of safety for human consumption [Spolaore
et al., 2006], but PUFA rich biomass of two organisms also have been
used for aquaculture feeds [Langdon and Önal, 1999; Harel et al.,
2002; Spolaore et al., 2006; Cardozo et al., 2007; Miller et al., 2007;
Ganuza et al., 2008a,b].

The use of nutrient-rich marine aquaculture wastewater to
obtain Schizochytrium biomass with high lipid and high PUFA
content offers an interesting, integrated approach to effluent reme-
diation and valorization. Growing global aquaculture production is
both increasing the demand for alternative (sustainable) feed ingre-
dients [Li et al., 2004] and creating greater environmental impact
via farm discharges [Cripps and Bergheim, 2000; McIntosh and
Fitzsimmons, 2003; Lovitt et al., 2008].

Production of PUFA varies with growth conditions and compo-
sition of growth medium, growth rate, temperature, pH and the
culture age [Fan et al., 2001; Wu et al., 2005; Zhu et al., 2007]. Table 6
is to compare biomass, lipid and DHA productions in fermentation
of Schizochytrium sp. and C. cohnii using many different methods.
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Table 5
Efficiency of marine aquaculture wastewater treatment in cell retention mode and continuous mode of S. limacinum culture. Volume of the bioreactor was 5.0 L. Wastewater
for feeding was supplemented with 1.0 g L−1 yeast extract and 30 g L−1 glycerol (n = 2, SER; ±5%).

Culture T D T-Vol X RP/T (P) RN/T RA/T (NH3-N)

C 450 0.013 70 4.3 0.039 0.194 0.005
R 200 0.062 67 57.9 0.190 0.421 0.010
Productivity ratio (R/C) 4.8 13.5 4.85 2.18 2.1

C, continuous mode; R, cell retention mode in packed bed reactor (∼=100 g L−1 of pall rings); T, operation time (h); D, dilution rate (h−1); T-Vol, treated volume (L); X, biomass
as DCW (kg m−3); RP/T, volumetric reduction rate of phosphorus (kg day−1, m−3), RN/T, volumetric reduction rate of nitrogen (kg day−1, m−3); RA/T, volumetric reduction rate
of ammonia (kg day−1, m−3).

According to Table 6, Unagul et al. (2007) produced 28 g L−1 DHA
rich biomass of S. mangrovei in 108 h, using coconut water as a nitro-
gen source and Yamasaki et al. (2006) could produce 30 g L−1 DHA
rich biomass of Schizochytrium sp. in 120 h using Shochu distillery
wastewater. In this investigation using a packed bed reactor for
high cell density culture of S. limacinum, 57.9 g L−1 total biomass,
36.7 g L−1 total lipid and 12.7 g L−1 long chain fatty acids (>C22) were
produced in 350 h using aquaculture waste effluent supplemented
with glycerol 30 g L−1 and yeast extract 1.0 g L−1. Marine aquacul-
ture wastewater enriched with a variety of nutrients affected the
proportion of long chain fatty acids of TFA, and total oil productivity
during the culture of S. limacinum. Additions of glycerol and yeast
extract into the tested source of marine aquaculture wastewater, by
providing a carbon source and increasing the concentrations of TN
and TP to required levels, were found to be beneficial to long chain
fatty acid-rich Schizochytrium biomass production. A crude glycerol,
also as byproduct in transesterification of fatty acids to its methyl
ester form which is a manufacturing process of biodiesel from veg-
etable oils, can be efficiently used as a cheap carbon source for
growth of S. limacinum when compared with other carbon sources
[Chi et al., 2007].

In this investigation, the production S. limacinum containing
high total lipid and PUFA contents was shown to be possible, espe-
cially when using supplemented marine aquaculture wastewater,
both improving the quality of wastewater and saving the use of
the expensive nutrients such as urea, minerals, glucose, and corn
steep liquor (CSL) required for growth of this organism [Yokochi et
al., 1998; Shirasaka et al., 2005; Wu et al., 2005]. S. limacinum in
the flask culture produced 10–12% more total oils (TO) as DCW in
marine aquaculture wastewater than clean seawater, but growth
rate reduced during the growth in wastewater. Also, a significant
problem in using wastewater was a reduction in biomass produc-
tion caused by the pH declined in end of fermentation in the flask
culture (Fig. 2). Therefore, maintaining above 6.5 the pH of the batch
culture was effective in increasing Schizochytrium biomass using
wastewater, but growth rate did not increase.

In this work, the total oil productivity was found to be com-
parable among different culture systems, however the proportion
of long chain fatty acids (>C22) to total fatty acids (TFA) was sub-

stantially lower in 5.0 L continuous cultures than in the batch and
the flask culture. To investigate the effect of glycerol concentra-
tion (and consequently C:N ratio) on total oil productivity using
the wastewater in the retention culture, the glycerol concentra-
tion in feed medium was increased from 10 g L−1 to 90 g L−1 while
maintaining 1.0 g L−1 yeast extract. The results of this experiment
showed that total oil contents decreased from 63.4% as DCW to
41.15% as DCW, but long chain fatty acid contents of TFA increased
as a proportion from 12.1% to 22.92% of TFA indicating that the
formulation of the wastewater medium has a critical effect on the
quantity and the type of oils produced.

The growth in the flask cultures of S. limacinum could not
detected unless additions of carbohydrates and yeast extract were
made. Previous studies with S. limacinum have shown that the intra-
cellular oil content and the proportion of long chain fatty acids
to TFA could vary with C:N ratio in the culture medium. A lack
of nitrogen source leads an increase of long chain fatty acid. Also
mono carbohydrates, rather than poly carbohydrates help higher
production of long chain fatty acids [Yokochi et al., 1998; Wu et
al., 2005]. The nutrients in the wastewater used for this investiga-
tion was a relatively aged slurry in the sedimentation tanks and
that maturation is microbiologically mediated and would reduced
the levels of readily available carbohydrates. The higher total oil
productivity in wastewater could be attributed to such a poor
growth medium derived from soluble materials in sedimentation
tank water is low in utilizable carbohydrate. However, when a good
carbon source such as glycerol was supplied for growth, total oil
production was reduced, but long chain fatty acid fraction of TFA
increased.

S. limacinum is relatively slow grower when compared to growth
rate of other industrial strains and easily washed out in marine
wastewater during the continuous culture (�max = 0.013 h−1). A
high cell retention culture including an addition of yeast extract as
a growth stimulator was beneficial in enabling a more rapid treat-
ment of supplemented marine wastewater through the bioreactor,
while simultaneously increasing the concentration of S. limacinum
as a biocatalyst (Table 5). The cell retention mode used in this inves-
tigation showed a potential to treat waste effluents or sludge water
from aquaculture farms prior to discharging or recycling.

Table 6
Comparison of biomass, lipid and DHA productions in Schizochytrium sp. and Crypthecodinium cohnii fermentation using many different methods.

Species X (g L−1) L (g L−1) D (g L−1) T (h) Culture Medium Reference

S. limacinum 58 37 12.7a 350 Retention Aqua-waste effluent This study
S. limacinum OUC88 27 7.8 120 Batch Defined Song et al. (2007)
S. limacinum 22–24 4.8–4.9 120 Batch B-Crude Glycerol Chi et al. (2007)
S. mangrovei 7–14 0.75–2.8 52 Flask Okara Fan et al. (2001)
S. mangrovei SK-02 28 16 6 108 Batch Coconut Unagul et al. (2007)
S. sp G13/2S 63 16 5.5 50 Batch Defined Ganuza et al. (2008a,b)
S. sp G13/2S 6–8 2–3 70 Continuous Defined Ganuza and Izquierdo (2007)
S. sp S31 4–5 2 0.52–0.65 120 Flask Defined Wu et al. (2005)
S. sp 30 13 3.4 120 Batch Shochu Yamasaki et al. (2006)
C. cohnii 109 61 19 400 Fed-batch Defined Swaaf et al. (2003a,b)
C. cohnii 83 35 11.7 220 Fed-batch Defined Swaaf et al. (2003a,b)

X, biomas; L, Lipid; D, docosahexaenoic acid; T, time; Coconut, coconut water; B-crude glycerol, bio-diesel waste crude glycerol.
a Long chain fatty acids (>C22).
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The utility of using this type of treatment system for RAS
wastewater processing can now be discussed. A typical water
exchange rate in a land-based marine RAS is about 5% per day of
the recirculation water volume, below this level of exchange, there
is potential for accumulation of materials that can significantly
affect growth performance [Seginer et al., 2008; Good et al., 2009;
Wolters et al., 2009]. At this exchange level most of wastewaters
will be derived from the solids collection system and the subse-
quent related dewatering process and this stream can contain up to
much of N and P in the effluents [Barak and Rijn, 2000]. The clarified
waters from the dewatering process contain high concentrations
of nutrients [Losordo et al., 2000; Summerfelt et al., 2004; Wolters
et al., 2009] and this stream would be an appropriate point for S.
limacinum nutrient removal treatment process, these flows are of
relative low volumes that could easily pretreated (sterilization or
pasteurization) and will contained enriched nutrients leached from
sludge. Water treated in a cell retention system would then either
be discharged or recycled, while the PUFA rich biomass of S. limac-
inum can be frequently harvested from treatment system and used
as a source of valuable nutrients. The treatment capacity could be
considerable and in our current work here where 420 g N, 190 g P
and 10 g TA day−1 m−3 (Table 5).

There remains one significant problem to this approach, namely
the balancing of additional nutrients to those found in the waste.
Good effluent treatment would also require that utilizable carbon
must be at a minimum so that there is low BOD in the treated
effluent water, i.e. glycerol and yeast extract additions would have
balanced against the nutrients in the effluent water so that bal-
ances utilization of the materials occurs. For example, it could be
envisaged that the system was in carbon access leading to sub-
stantial amounts of glycerol leaving the system in the effluent. This
could be subsequently treated within wetland lagoons or avoided
by carefully controlling the addition of glycerol and yeast extract.
A calculation of the nutrient required can be made if the yield of
biomass on glycerol is known. For example, a biomass yield on glyc-
erol on a similar media (seawater 10 g L−1 yeast extract) has been
shown to be 0.5 g cell DW per g glycerol [Yokochi et al., 1998]. In our
studies about we have shown that the yield was about 0.11 in the
presence of 1 g L−1 yeast extract supplement wastewater (Figure 3).
In our studies although we have not measured the carbon content
of the effluent an estimate can be made on the basis of cell yield
in continuous culture. In Table 2 we report that 4.3 g biomass were
produced on 10 g/L glycerol. If glycerol was the main carbon source
used in this experiment, and using published yield value of 0.5 g/g,
then 8.6 g of glycerol would be required. As the there is no growth in
the waste without carbohydrate addition and the fact that there is
some inhibition compared to clean sea water (Fig. 2) it would seam
reasonable to expect he glycerol levels remaining to be <1 g/L. If
the yield derived from Fig. 3 was used then the system also most
certainly limited by glycerol.

In conclusion this study has shown that S. limacinum could be
produced as a high value biomass product containing long chain
fatty acid-rich PUFA during the treatment of low volumes concen-
trated wastewaters processes such those derived from dewatering
of sludge. The volumetric treatment and production capacity of the
integrated system in retention culture was enhanced 13.5 times
that of equivalent batch cultures. The hygienic aspects of this pro-
cess have to be investigated further if this product were to be used
an aquaculture feed.
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