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Waste can be wealth misplaced!

A research team from

The Education University of Hong Kong
has successfully showcased

the concept of ‘turning waste to wealth’

B RE R LR BsE T N E |
FEBARE N — XA E K
E&TEREAT L NBRSHET

Professor Wong Ming Hung (upper
right), Dr. Mo Wing Yin (lower right),
Dr. Man Yu Bon (lower left), Mr. Zhang
Feng (upper left)

BEHHAHE (GL) BNHRER - &
KABE (AT) » X#H#HBELE (£T)
FoRgRE (ELE) -




Contents EI ﬁ‘%

The magic touch of Professor Wong Ming Hung and his team 1

Treasures in landfills 4
The key to sustainable fishery development 6
The advantages of eco-fish feeds 8
How to change food waste to wealth? 10
Create greater economic value 28
More fruits of research 32
Marketing preparation 37
Benefitting society by knowledge transfer 40
Advancement 42
Aspiring to a win-win-win result 46
RERBE B HACRAT &8 = 48
BEERF 48
EELE k9 3:nl ik 48
R R 1R 3 49
ek T 2 F 49
AlEERBEFE 52
HABREE—D 53
AHITNT G B H 53
FRBGEREE 54
BERB WK 54
= W 55
Published papers B % & 2 B I& # £ # 7 56

Acknowledgement &

The magic touch of
Professor Wong Ming Hung and his team

Professor Wong currently serves as the Advisor
(Environmental Science) of the Department of Science
and Environmental Studies of The Education University of
Hong Kong, and as the Editor-in-Chief of Environmental
Geochemistry and Health (Springer). He has published
more than 750 SCI papers and 32 book chapters, edited
25 books or special issues of scientific journals, and filed
8 patents. According to information provided by Scopus,
Professor Wong is ranked 24, and is also listed as the
top Chinese scientist worldwide under Environmental
Science, based on publications spanning 23 years
(1996-2018). Professor Wong has been dedicated to
the study of environmental toxicology and restoration.
In recent decades, his research team has contributed an
important milestone for the eco-fishery business in Hong
Kong under his leadership.
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Treasures in landfills

Food waste has become a global problem with significant
effects on society and the environment. The world
produces an estimated 1.3 billion tonnes of food waste
annually, which accounts for about one third of all food
produced by humans. The annual direct economic loss
from food waste worldwide is about US$1 trillion, leading
to a social cost of US$900 billion and an environmental
cost of US$700 billion.

The social and environmental problems caused by food
waste are significant and serious in densely populated
cites. For example, the daily food waste in Hong Kong
is about 3600 tonnes, but only 1% of the food waste
is recycled or reused, and the rest is sent to landfills.
To solve its food waste problems, the Hong Kong
government has launched a series of waste management
pilot programmes and promotional activities, but food
waste in Hong Kong has still increased from 3227 tonnes
in 2004 to 3900 tonnes in 2017. According to the waste
statistics provided by the Environmental Protection
Department (EPD), the per capita municipal solid waste
in Hong Kong reaches 1.5 kg per day!
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The key to sustainable fishery development

The rapid growth of the fishery business has led to an
increasing demand for compound fish feed, but fishery
businessmen are facing challenges from the rising cost
of fish feed, which directly affects the price of fish
products. Small fish are the major protein raw materials
in commercial compound fish feed, and small fish of
various species also serve as important raw fish feeds
used for fish farming by Hong Kong fishermen. For the
sustainable development of fisheries, the Hong Kong
government announced a ban on trawling in Hong Kong
waters via legislation to restore the seabed and marine
resources and ecology, which greatly increased the cost
of Hong Kong fish farming. However, one critical factor
for the sustainable development of Hong Kong fisheries
is to solve the problem regarding the source of fish feed
before any transformation of the fish farming industry
can occur.

Another critical factor that affects the sustainability of
fish farming is pollution. According to a report by the
United Nations Environment Programme, mercury is
among the most dangerous chemicals to human health,
and due to increasing human industrial activity, the
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mercury level in the ocean is now 450% higher than
natural levels. The result is a greater risk of contaminants
poisoning fish, which can then be transmitted to
humans. Professor Wong's research team once tested the
mercury concentration of seafood from the Pearl River
Delta and from the hair and blood of local residents and
found that eating fish is one way for local residents to
take in mercury. At the same time, the accumulation of
pollutants from aquatic products came not only from
polluted oceans and rivers, but also possibly from the
fish feed used in fish farms.

At present, 47% of seafood sold in the market is farm-
raised, so the quality of fish feed directly affects the
quality of fish. Moreover, studies have clearly shown that
fish feed used in commercial fish farms contains high
concentrations of heavy metals (i.e. cadmium 0.07 to 0.4
ug/g dry weight and lead 0.12 to 2.05 pg/g dry weight)
and organic pollutants (e.g. carcinogenic polycyclic
aromatic hydrocarbon compounds [PAHs]).
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The advantages of eco-fish feeds

‘Turning food waste to fish feed
immediately gives people doubts about
the safety of the pellets’, Professor Wong
said. ‘But the truth is, using this kind of
fish feed for fish farming is even better.

The quality of the fish feed products can be guaranteed
by quality control and selection of the food waste, and
the food safety of the fish products can also be ensured.
Professor Wong also stated that freshwater fish that
are fed pellets made from food waste contain lower
concentrations of heavy metals and organic pollutants
than fish that are fed commercial feed, likely because
the small fish used to supply protein for commercial feed
are the main source of pollutants. Therefore, fish feed
made from food waste is much lower in pollution.

Fish feed E&2E1%




How to change food waste to wealth?

‘Food waste can be wealth misplaced!
With biotechnologies, food waste can be
turned to fish feed, meaning less landfill,
cheaper feed and fewer contaminated
fish’, Professor Wong said. ‘It can
definitely bring a win-win-win result.’

A decade ago, fish feed pellet made from food waste was
just a concept. Professor Wong started a research project
in 2011 with a research fund of HK$1.9 million granted
by the Environmental and Conservation Fund (Integrated
pond fish farming using food wastes: for quality fish
production and habitat conservation ECF 2009-37),
which thus turned the first page of the story of fish feed
pellet production.

Inthatproject, theypartneredwithKowloonEnvironmental
Development Limited, a pioneering company engaged
in systematic food waste recycling services in Hong
Kong, which took environmental protection as their core
business philosophy, covering food waste collection,
processing, recycling and sales. According to the needs
of the research team, the company collected the required
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food waste (grains, vegetables, fruits, bones, meat, etc.)
and produced powder via several processes of cutting,
grinding and drum drying. The powder was then ready
to make fish feed.

That research project had three main targets. First, food
waste was recycled into the main ingredients of fish
feed, based on cost-effectiveness analysis, to verify the
ecological value of fish ponds, and also the feasibility of
restoring their ecological functions. The second aim was
to improve the ratio of conversion and digestibility of
food waste-based fish feed (FWBF) by adding probiotics
(yeast) and enzymes to raise the production volume
of fish. Third, by farming fish of a lower trophic level
(such as grass carp [Ctenopharyngodon idellus] and
grey mullet [Mugil cephalus]), they were committed to
producing safe and high-quality fish products and to
avoiding accumulation of pollutants (such as pesticides
and mercury) in the food chain.

After a 3':-year study, the research team led by Professor
Wong accumulated a wealth of laboratory data, together
with many encouraging and important discoveries!
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First, two kinds of formula were used to produce FWBF.
The first was 53% grain, 10% vegetables and fruits, 8%
bone powder, 4% other food waste, 10% fish meal and
15% corn starch, and the second was 25% meat, 28%
grain, 10% fruits and vegetables, 8% bone powder, 4%
other food waste, 10% fish meal and 15% corn starch.
Both formulas contain satisfactory nutrients and sufficient
essential amino acids, crude protein, crude sugar, crude
fat and phosphorus. They are suitable for farming fish of
a lower trophic level, including grass carp, grey mullet,
mud carp (Cirrhinus molitorella) and tilapia (Oreochroms
mossambcus). Food waste can provide the necessary
protein and amino acids for the growth of fish (Figure
1a), up to 75% of the fish feed come from kitchen waste.
In general, the growth of the tested fish did not show any
obvious difference from those that were fed commercial
fish feed. However, the growth of grass carp and big head
carp fed FWB and FWA, respectively, were even better
than those fed commercial fish feed (Figure 1b).

Second, the addition of bromelain and papain to the
food waste can effectively improve the solubility of feed
protein and help increase the use and conversion rate
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of food waste, thereby benefitting the growth of fish. In
addition, it can offer a safer and healthier environment for
fish growth than the commercial fish food sold in South
China, and the farming cost is even lower. In addition,
fewer contaminants are found in freshwater fish (such as
dichloro-diphenyl-trichloroethane [DDT] and mercury),
so people can enjoy it without food safety worries. The
concentration of heavy metals (such as mercury) and
organic pollutants (PAHs and DDT) detected in fish meat
is not hazardous to health (Figure 2). The research data
built a solid foundation for further research.




Figure 1 (& 1)

a Food waste ingredients (75%) Non-food waste ingredients (25%) ' Total (%) Protein (%)
B SReAEL D JRETEREAAL D REE ERE
Fruit and vegetables Meat products = Cereals Bone meal Others Fish meal Corn starch
BR N J:Y B Hith =1 AR
FWA
RIEAETRL A 10 0 53 8 4 10 15 100 31.44 + 0.44a
FWB
EIESETRL B 10 25 28 8 4 10 15 100 31.13 £ 3.36a
Control
PRRATR 30.16 = 1.55a
b (a) The formula of food waste-based feed; (b) The growth performance of different

fish fed food waste-based feed (75% of food waste) and commercial fish feed.
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Figure 2 (& 2)
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Non-cancer risk assessment of MeHg in market fish and fish fed food waste based
feed. BH-Big head fish; GC: Grass carp; MD: Mud carp; FWA: food waste-based
feed A; FWB: food waste-based feed B; Control: commercial fish feed; MeHg:
Methylmercury.
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‘Recycling food waste to fish feed was
just a concept a decade ago, but now,
this concept has gradually been shaped
and become a possible solution to many
ecological and social problems at once.’
said Professor Wong.

Based on the results of the above project (ECF, 2009-37),
Professor Wong’s research team successfully applied for
another fund of HK$4.5 million from the Innovation and
Technology Bureau for another project (ITS/174/14FX) in
2015, targeting an in-depth study of food waste recycling
for fish farming. This time, they were partnered with
South China Renewable Resources (Zhongshan) Co, Ltd,
a well-established food waste recycling company that
used automated equipment for food waste separation
and fish feed production and developed advanced
technology for upgrading (fermented) food waste into
protein powder.

The food waste collected by that company was
automatically sorted to remove solid waste, followed
by deodorising and disinfecting procedures. Before
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fermentation by microorganisms, the sterilised food
waste was dehydrated and crushed into tiny pellets. After
passing a quality test, the fermented food waste (now in
the form of protein powder) was dried and filtered; it was
then ready to produce fish feed pellets (Figure 3).

South China Reborn Resources (Zhongshan) Co. Ltd.

EmBLEER (AIL) BRAF
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Figure 3 (E3)

The procedure of producing food-based fish feed by South China
Reborn Resources (Zhongshan) Co. Ltd.

EEBLEER (RL) BRARRLIWE B FERE

A. Recycle of food waste EFEREIUL

Capacity: 100 tonnes of kitchen waste per day, 4 collection trucks, 300 barrels
of food waste (100 kg/barrel)/day

FRIRE) ¢ SR 100BAEEFALK » ABUERE  300/UERY) (T00AT/H) | R

B. Selection BEIER7 %
- food waste rich in protein (meat and fish)
ESEARNR (RENEE
- food waste rich in fiber (vegetables and fruits)
BRI RTARGREAIKER)
- food waste rich in carbon hydrates (noodles, rice and bread)
BRI EYEIARGERE ~ KRFIFE)
- Useless food waste (Deliver to landfill)
EARSR (BEHER)

C. Deodorization and sterilization BRRMEE

The separated food waste components are deodorized and sterilized in a
reaction chamber with ozone and ultraviolet rays, then become mushy after
homogenization.

DEENETERE A EE R REMEINENREEEETHRREMBEEE © BB
N

D. Bacterial fermentation #H& 3582

Fermentation (a variety of bacteria) for up to 6 days, the crude protein content
of the selected food waste increased from 10% to 15-20%, then dried in a
drum dryer and ground into finer particles.

BR (2EME) RE6K  BHRHEERS 2/ 0% INE) 15-20% @ BERITSAF R
PR IR R R B BB AR AV o

E. Production of fish feed EIEREIFIRME

Using QC passed protein powder as raw materials to produce fish feed pellets

v&

by adding other ingredients e.g. soybean meal, corn meal, fishmeal.
B B RAETER R R E SRR - WORINER - TKK - 88 ERNMER
MEE

F. Testing of products EmmERAH

KRR E BAI BAlE
1 Crude protein iE&ERE % 34.72
2 Lysine & % 2.14
3 Ash x5 % 7.98
4 Crude Fat #2fERA % 3.92
5 Calcium 45 % 1.12
6 Total phosphorus 48 % 1.10
7 Arsenic B % 0.366
8 Lead &4 % 2.3
9 Chromium £& % 0.17
10 Mercury 7k % 0.015
11 Fluorine 4, % 94.8
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There were three aims of the project. First, it used food
waste as the main raw material to develop efficient
and practical ways to produce high-quality fish feed.
Second, it lowered the cost of producing safer fish feed
(e.g. containing lower levels of DDT and mercury).
Furthermore, with the addition of Chinese herbal
medicine ingredients, probiotics, microalgae and other
active ingredients, the quality of FWBF was improved
and upgraded, thereby improving the immunity and
production of freshwater fish.

N 224

Seven formulas were designed for the research project (Table
1) to study how the content of food waste used, the proteases
and important ingredients like wolfberry affect the growth of
Nile tilapia and jade perch (Scortum barcoo). The research
team first conducted a feeding experiment of Nile tilapia
and jade perch on these seven feed formulas under laboratory
conditions after comparing them with fish fed commercial
fish feed. They chose the best performing formulas for
further research: formulas A and F. They then moved to an
outdoor fish pond for field-scale studies (Figure 4).

The studies showed that the performance of the two formulas
of FWBF did not differ from the commercial fish feed used.
Moreover, the concentrations of heavy metals and organic
pollutants (PAHSs) detected in the fish meat were classified
as not hazardous to health and were safer than fish bought
from markets (Table 2).

ProfessorWong'sresearchteamhasfiledtwopatentapplications
for these two FWBF formulas. One is named ‘Production
process and user instructions for jade perch’s fish feed’
(CN201810474984.5), and the other is ‘Production process
and user instructions for Nile tilapia” (CN201810473652.5).
At the same time, the related research achievements are
also being translated into practice and promoted via
cooperation with kitchen waste recycling companies.
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Table 1 (%1)

Seven formulas of food waste based fish feed TTERTEREIRIEC 5

Diet codes | Protein meal from | Soybean | Peanut | Fish meal Baker’s Starch Vitamins and Protease Goji Total
EfRSE | food waste (%) | meal (%) | meal (%) (%) yeast (%) (%) minerals (%) (%) (%) (%)
EEFER RE® | TELEHHN <) (25 B e IR E S E=[3 Ll st

FWA 55 - 5 5 32 3 100
FWB 45 10 10 5 5 22 3 100
FWC 35 35 10 5 10 3 1 - 100
FWD 45 - 10 10 5 26.8 3 0.2 100
FWE 45 . 10 10 5 27 3 100
FWF 45 10 10 5 5 21.8 3 0.2 100
FWG 35 35 10 5 5 9.8 3 1 0.2 100

Table 2 (%2)

Non-cancer risk in human via consumption of market fish and fish
fed food waste based diets.

NEIER R BB M E T AR R

Different fish fed by FW fish feeds and Hazard index (Adult) Hazard index (Children)
fish from market EPETEE (B A) EREiEE ()
TREARBRENRKEHR Percentile 95th &2 & Percentile 95th &2
Nile tilapia Z&JER
Commercial fish feed FFEfIRL 0.365 0.421
Food waste based feed A EF&REAE A 0.343 0.614
Market fish #mH& 4.81 8.58
Jade Perch ER#&
Commercial fish feed F2EsA%R 0.583 0.673
Food waste based feed F BEFgREAR} F 0.456 0.814
Market fish #Emha 3.01 5.37

y&

Note: FW: Food waste JI&E : FWHRREIER

Notes:

Non-cancer risk assessment based on

PAHs; all non-cancer risk are resented
in units of 107.

AR

JEEEAE B b s E APAHS § FTERIEUELL
10337 )
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Figure 4 (E4)

Field scale feeding trial (Fanling) F4}MaiEE]
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Create greater economic value

‘At first, we only targeted some freshwater fish species
at the lower level of the food chain, for example, Nile
tilapia, jade perch and grey mullet, whose market price
is relatively low. Because their nutritional needs are
rather low, they’re easier to farm, but of course, their
selling price is not as high as carnivorous marine fish’,
Professor Wong said. ‘If we can recycle food waste to
feed carnivorous marine fish, it will not only satisfy
market needs, it can also create greater economic value.

Professor Wong’s research team applied for more than
HK$8.5 million (Safe and Quality Fish Production:
Development of High Grade Pellets Using Food Wastes
for Three Popular Marine Fish; SFDF-0023) from the
Sustainable Fisheries Development Fund for research
work in 2017 in an attempt to develop an FWBF and
enhance fish farming technology for marine fish.

The research content of this project included a number of
items. The first was to design a variety of FWBF formulas
and to evaluate the growth performance of various
formulas for three kinds of carnivorous marine fish: Sabah
giant grouper (Epinephelus fuscoguttatus x Epinephelus
lanceolatus), pomfret (Trachinotus blochii) and star
snapper (Lutjanus stellatus). Second, based on the results
of laboratory testing, the scientists moved to outdoor
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experiments to verify the efficacy of FWBF. The third aim
was to test the major environmental pollutants in the
tested fish and develop a potential health risk assessment.

Recalling the difficulties encountered, Professor Wong
said, ‘It wasn’t an easy and smooth one, because most
of the experiments were conducted outdoors, and ever
changing weather conditions had destructive impacts. |
remember that in the year of typhoon Mangkhut, many
fish died, which wasted us half a year of hard work!”

In addition to the weather, the team encountered
numerous other difficulties. For example, because the
nutritional needs of freshwater fish and carnivorous
marine fish differ completely, the latter require a higher
ratio of protein in their food. The protein content in fish
feed must be increased to 40% or above to satisfy the
growth of the Sabah giant grouper, but it only needs to
be 20% for freshwater fish. Their partner, South China
Renewable Resources (Zhongshan) Co, Ltd, could provide
large quantities of food waste for use; however, because
most of the food waste collected was carbohydrates (rice
and noodles), the fish feed produced via automation was
not satisfactory for the experimental requirements due
to its low protein content. To solve this tough problem,
they finally returned to their first partner, Kowloon
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Figure 5 (E5) Environmental Development Limited, which helped by
asking workers to sort food waste manually to obtain
_ , enough salmon meat and bones for further production
The procedure of producing food-based fish feed by Kowloon . . - .
, of pellets (Figure 5). This eventually satisfied the high
Environmental Development Ltd.

LESERIE TR B AT TR /A B BF AR T K RTeR AT F I S protein needs for farming carnivorous marine fish.
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More fruits of research

The project has reached its closing chapter and has
made many meaningful achievements. Among them,
the research team has designed an optimal marine fish
feed formula after comprehensive considerations of
production cost and fish growth performance (Table 3);
this formula can save up to 30% of the total production
cost (Table 4). They also found that the FWBF is well
suited for farming Sabah giant grouper, as the growth
data show no difference from that of fish fed commercial
feed. Third, they launched a triangle taste test to compare
the Sabah giant grouper and pomfret they farmed with
FWBF against the same species purchased from markets;
the results showed that the volunteers who tried pomfrets
were unable to tell the difference between fish fed FWBF
and those bought from markets (Figure 6a). For Sabah
giant grouper, although volunteers were able to tell the
difference between fish fed FWBF and those bought
from markets, they did not detect any obvious difference
in color, taste and texture (softness and elasticity) of the
fish meat (Figure 6b).

Figure 6 (E6)

Taste test result of Sabah Giant Grouper and Pomfret. a: Number and
percent of assessors that correctly identified the grouper fed food
waste feed; b: Preferences between Sabah Giant Grouper fed food
waste feed and commercial feed by attributes.

WEEEMEANALZ=AAEER -
a ' R EIRR AR RIERYD B RERRIATETAS
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Correct i
a 16 Incorrect SHER
- 74%
5 14 A
4
% 12 1
o« 10+ 50% 50%
(=]
5 8
£
5 6]
4 4]
E]
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0 -
Sabah Giant Grouper Pomfret
DEEE )=
b Food waste based feed . DEEESRREEGER
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4.5 -
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15 1
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Table 3 (%3)

Three formulas of food waste based fish feeds for marine fish

KB =R

ingredients (g/100g) Food waste feed 1 Food waste feed 2 Food waste feed 3
B> [EER1 SRERAL [EER2 5% ERAL [EIER 35k ERHL

Commercial fish meal F=1) 22 22 27

Fish powder (waste from cod and salmon) f¥) (#ERFI=C AR 35 20 35
Soybean dregs S& 0 0 10

Meat (expired meat) Ay GBEAA) 25 40 10

Flour ZE%) 10 10 10
Yeast £} 5 5 5
Vitamin and minerals complex #4 ZFEVBESY) 3 3 E
Total (%) f84L 100 100 100

Production cost (HK$) 4ERA 8000 7400 8550

Table 4 (%4)

Production cost comparison between fish fed food waste based feed

and commercial fish feed

BIRRRa B SR AR N AN R R R IBV A ERA S I

* Price of the year 2014 , 30% protein content; **price of the year 2017,
30% protein content; ***price of the year 2019, 42% protein content

* 2014 VEIS » 30% EARE 5 »2017EMER - 30% EASE

BWEK » 2%E[SE

; FRk20 194

Commercial fish feed X BEIF

B e B EE FW fish feed

Fish Cost of Feed Production cost Cost of fish feed Feed conversion Production cost Production cost
fish feed (HKD/tonne) | conversion per tonne of fish (HkD/tonne) (HKD/tonne) ratio per tonne of fish (HkD/tonne) saved
e ERHEL ratio BUERAEERAE BRRHES BmAR BMERLEERAE HELERAE
G BAR CBH/E) CB18/) (AU
Grass carp BEf 8500* 2.41 20485 6000 2.02 12120 40.8%
Nile tilapia Z&FFfR 9000** 1.12 10080 6800 1.06 7208 28.5%
Jade Perch EAf 9000** 1.28 11520 7500 1.16 8700 24.5%
Sabah giant Grouper WHEEEE 16000*** 1.88 32900 12500 1.95 24375 22.0%
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Figure 7 (E7)

Taste test guest: Professor Wong, Dr. Chu Chun Wah, Senior Fisheries
Director, Agriculture Fisheries and Conservation Department, Mr. Wong Yuk

Chun, Founder of Kowloon Environmental Development Limited, Dr. Yau

Wing Kwong, Chief Executive, Environmental Association, Dr. Man Yu Bon
and Mr. Law Chun Choi, Vice Chairman, Hong Kong Fishermen Consortium.

ERRRZSMBHEEANVAICEE - ARE ' FRATR - BAREAR
REENSMAXTIEREERL AERBEZEZRGRATAIMA
HEESLSE RRGEERRILRAEL NEHBLIREEERE
RHEREFERMELES -

Marketing preparation

To promote this innovative and environmentally friendly
fish feed, the Agriculture, Fisheries and Conservation
Department plans to launch some workshops for fish
farmers and potential recyclers who could provide raw
materials for production. Dr Man Yu Bon said, ‘It's not
easy to change the habits of fish farmers when it comes
to choosing fish feed. We hope a concessionary scheme
from the government can entice the fish farmers to accept
this kind of eco-fish feed. The fact is, the price of the FW
fish feed is 20% lower than commercial fish feed, and
the benefits for fish farming are obviously satisfactory!”

The eco-fish feed is now ready to enter the market. The
production partner and distributor of the FWBF, Mr Li
Kwok Sing, the manager of South China Renewable
Resources (Zhongshan) Co, Ltd, claimed that the
production process requires strict control; although it is
made from food waste, the development of this product
shows great marketing potential.

Thesalesof FWBFwouldbe more competitiveinthefuture,
said the research team. Fish farm owner Mr Raymond Ng
Wai-man agreed and added that the appearance of the
fish is better than that fed on commercial feed. ‘If you
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cut open the fish, you will see that the meat is juicer and
fresher with a nice sheen on it’, he said.

The team launched a taste test event for fish farmed with
FWBF (Figure 7). To isolate the real taste, they steamed
the fish with no ginger, green onion or soy sauce; they
just wanted the guests to try its fresh taste. They prepared
50 ‘experimental fish” for taste testing, from appearance
to taste, and the fish fed FWBF received a great response,
which gave the research team confidence and joy.

Figure 8 (& 8)

Silver Medal in the International Exhibition of Inventions of Geneva.
From left to right: Dr. Man Yu Bon, Professor Wong Ming Hung, Dr.
Chow Kai Lai, Dr. Mo Wing Yin.
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Benefitting society by knowledge transfer

‘Knowledge transfer is a two-way process to apply
university research to society. Partnership is key’, said
Dr Stephen Chow, Director of Knowledge Transfer
at The EdUHK. This also means building awareness,
finding appropriate manufacturers and distributors,
and obtaining intellectual property protection. The
University’s Knowledge Transfer Sub-office has promoted
the project on various occasions, including public
events, innovation exhibitions and trade fairs in Hong
Kong, the Chinese mainland and overseas. The project
won a Silver Medal at the International Exhibition of
Inventions in Geneva, 2019 (Figure 8). ‘We also need all
of the stakeholders to agree on patent ownership. This is
always a complicated but vital issue’, added Dr Chow.

The University’s Knowledge Transfer Sub-office is
still actively promoting the project in various ways.
On campus, they have established a showcase
platform with brochures to promote the concept
of food waste recycling and the importance of
environmental protection to university students and
visitors to enhance the popularisation of sustainable
aquaculture concepts in the Greater Bay Area, and to

v

plant seeds for future cultivation of talents in related
fields. The demonstration platform was initially built
by the research team (Figure 9).

Figure 9 (E9)

Demonstration platform for culturing marine and freshwater fish with
food waste based fish feed
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Advancement

However, the team didn’t stop there. Commercialising
the product is the next big step; at the same time, they
are aiming for better quality and functions of the product.

Professor Wong said, ‘This time, we
will make full use of the principles of
Chinese herbal medicine, extracting the
active ingredients through fermentation
technology, so as to upgrade the functions
of the food waste-based fish feed.’

Traditional Chinese medicine (TCM) has been used for
thousands of years, and the active ingredients in various
herbsareusedtopreventandtreatdiseases. Aconsiderable
portion of those herbs have immunomodulatory effects
and contain anti-tumour bioactive substances, with few
adverse effects. Professor Wong was inspired by the
achievements of his previous projects (supported by
the Innovation Technology Fund and the Sustainable
Fisheries Development Fund) to increase the growth rate
of the fish with the addition of supplements to FWBF
(such as yeast, probiotic enzymes and some Chinese
herbal extracts). Lower levels of contaminants (DDT
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and mercury) were found than in fish fed commercial
fish feed, which resulted in a more valuable product.
The major innovative idea of this proposal is the use of
bacteria (such as Aspergillus oryzae and Trichoderma
reesei) for fermentation of TCM residues, allowing the
polysaccharides and active compounds in TCM residues
to be fully released, and then adding them to the fish
feed for farming of freshwater fishes, such as grass carp.

Professor Wong expects that the active compounds
will have positive effects on fish by modulating the fish
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gut microbiota, thus resulting in enhanced immunity.
Fermented TCM residues as feed supplements would
serve as ‘natural antibiotics’ to relieve the abuse and
overuse of antibiotics in aquaculture. This is extremely
important for food safety and environmental protection.
The team feels confident in its ability to turn the TCM
residue into a high value-added product and to produce
safer fish products with high quality at lower cost. This
research has great marketing potential, not only locally,
but also regionally and even internationally, and it
could make a significant contribution to the sustainable
development of the aquaculture industry.

Moreover, the team will soon begin studying the effects of
plant-based biochar on the growth of juvenile grass carp
(RGC Ref No. 28300619). Dr Man Yu Bon is in charge
of that project. He said, ‘The adsorption of biochar may
reduce the accumulation of pollutants in fish meat, and
it also reduces the bioavailability of contaminants in fish
intestines, at the same time improving fish immunity.’

In this study, various types of vegetable food waste, such
as coffee grounds and tea grounds, will go through the
process of pyrolysis to produce biochar. The researchers
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will study the adsorption mechanism (adsorption and
desorption) of various sizes of biochar particles against
persistent toxic substances. In addition, in laboratory-
scale experiments, the effects of biochar formula fish feed
and commercial formula fish feed on fish farming will be
compared, and the best formula will then be used in an
outdoor fish pond for further observation and testing. Most
importantly, this study aims to determine the immune
parameters of fish, the composition of the microbial
communities in fish intestines, the bioavailability of
pollutants, and data on the total pollutant content in fish,
which will be used to assess the health of the fish and the
health risks that may result from human consumption of
these fish. The study will compensate for the deficiencies
of previous related studies of the relationship between
biochar in fish pollutant intake, the fish immune system
and the fish intestinal microbial community.




Aspiring to a win-win-win result

The sales network in the fish feed market is a traditional
one. It is not an easy task for Professor Wong’s research
team to enter that market. However, this project’s leaders
do not seek to make a profit; they have a bigger aspiration:
building a broader network.

‘There are a lot of people in the Greater
Bay area leaving a lot of unconsumed
food’, says Professor Wong. ‘If each
city in the area were to recycle its food
waste, there’d be less landfill, cheaper
feed and fewer contaminated fish. What
a win-win-win situation!’
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