12/14/23, 7:26 AM Bung Hatta University Mail - Unsuitable suggested reviewers for your article 124706

azrita ubh <azrita31@bunghatta.ac.id>

Unsuitable suggested reviewers for your article 124706
2 messages

editorial@f1000research.com <editorial@f1000research.com> Wed, Feb 15, 2023 at 6:17 PM
To: azrita31@bunghatta.ac.id

Dear Azrita
124706

Thank you for your recent reviewer suggestions but unfortunately, not all of them meet our reviewer criteria. We have listed
below any that fall outside the criteria, with the specific reason:

Nurul Huda:

It appears that you or your co-authors have collaborated with them relatively recently. In order to ensure an unbiased peer
review process, there can be no conflicts of interest between the reviewers and authors. Please note that this includes sharing
an affiliation.

Mukund Kumar, Haifeng Mi, Herpandi Herpandi:

We would generally expect reviewers to hold a PhD or MD in a relevant field, or otherwise have demonstrable expertise relating
to your article. A reviewer should also usually have published at least three papers as the lead authors in the same field as your
article, with at least one being published in the last five years. We were unable to find evidence of this, although please let us
know if we have missed relevant experience or qualifications.

Please suggest more reviewers so that we can proceed with the peer review. We recommend suggesting 5-10 people at a time,
as the more names suggested the higher the chance someone will be available to review your article, but please continue to
adhere to the reviewer criteria. Please visit your Suggest Reviewers page to add your suggestions.

Best regards,
Kate McRobbie

The Editorial Team, F1000Research

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by
anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any
disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly
prohibited. If you have received this electronic message in error, please destroy it immediately, and notify the sender.
F1000 Research Limited does not accept liability for any statements made which are clearly the sender's own and not
expressly made on behalf of F1000 Research Limited. No contracts may be concluded on behalf of F1000 Research
Limited by means of e-mail communication. F1000 Research Limited is Registered in England and Wales with Company
Number 8322928, Registered Office Howick Place, London SW1P 1WG, UK.

Do not delete (filing code): FIKROOCDE F1R-VER136930-A (end code)

azrita ubh <azrita31@bunghatta.ac.id> Fri, Feb 24, 2023 at 11:38 AM
To: editorial@f1000research.com

Dear

Kate McRobbie

The Editorial Team, F1000Research
F1000 Research

Thank you for your email on February 15, 2023. We have added ten reviewers for article No.
124706.

Best regards

Azrita
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First peer review report published
8 messages

editorial@f1000research.com <editorial@f1000research.com> Tue, Feb 28, 2023 at 6:50 PM
To: azrita31@bunghatta.ac.id

Dear Azrita

Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on the chemical
composition of feed and carcass, growth performance, body indices, and gut micromorphology of giant gourami, Osphronemus
goramy (Lacepéde, 1801), juveniles

Undefined A, Syandri H, Aryani N and Mardiah A

We have just published a peer review report for your article on F1000Research, which you can read here.

If you wish to respond to the reviewer, please go to the link above and click ‘Respond to this report’ below the report. When
responding to a peer review report, please try and make sure you are logged into the account that you originally used for the
submission of this article, otherwise we cannot identify your response as being from an author. Please allow up to one working
day for your comments to appear. If you ‘Track’ the article, you will automatically be alerted to any other reports or comments
made.

Reviewers award articles one of the following approval statuses as part of their reports:
Approved: No or only minor changes are required.

Approved with Reservations: The reviewer has asked for a number of small changes to the article, or specific, sometimes
more significant revisions.

Not Approved: Crucial substantial revisions will be required for the paper to pass peer review. It is important to note that a Not
Approved status is not a rejection.

NB: Your article will pass peer review and be indexed in PubMed, PMC, Scopus, Embase and other indexing sites, if you
receive either two ‘Approved’ statuses, or two ‘Approved with Reservations’ statuses and one ‘Approved’ status from the
reviewers.

In order to ensure that peer review proceeds quickly and you get at least one more report, we recommend that you suggest
additional reviewers. Please visit Suggest Reviewers, where you will find a useful tool to help you find reviewers; you can also
access this page via the article's record under My Research >> Submissions. See also our reviewer criteria and tips for finding
reviewers.

We would recommend waiting for additional peer review reports before starting on any article revisions.
Best regards,

Kate
The Editorial Team, F1000Research

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by
anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any
disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly
prohibited. If you have received this electronic message in error, please destroy it immediately, and notify the sender.
F1000 Research Limited does not accept liability for any statements made which are clearly the sender's own and not
expressly made on behalf of F1000 Research Limited. No contracts may be concluded on behalf of F1000 Research
Limited by means of e-mail communication. F1000 Research Limited is Registered in England and Wales with Company
Number 8322928, Registered Office Howick Place, London SW1P 1WG, UK.

Do not delete (filing code): FIKROOCDE F1R-VER136930-A (end code)

azrita ubh <azrita31@bunghatta.ac.id> Mon, Apr 17, 2023 at 6:38 AM
To: editorial@f1000research.com

Dear
Kate
The Editorial Team, F1000Research

https://mail.google.com/mail/u/0/?ik=56162f0796 &view=pt&search=all&permthid=thread-f: 1759075416 111540658&simpl=msg-f: 17590754161115...  1/4


https://f1000research.com/articles/12-140/v1#referee-response-163500
https://f1000research.com/my/submissions/peer-review/124706
https://f1000research.com/for-authors/tips-for-finding-referees
https://f1000research.com/for-authors/tips-for-finding-referees

12/14/23, 7:28 AM Bung Hatta University Mail - First peer review report published

We've made a response to Reviewer's Report from Fatimah Hashim and Nor Omaima Harun to the article
" Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on
the chemical composition of feed and carcass, growth performance, body indices, and gut

micromorphology of giant gourami, Osphronemus goramy (Lacepéde, 1801) juveniles. (Article No.
124706).

Best regards

Azrita
[Quoted text hidden]

F1000.Research <research@f1000.com> Mon, Apr 17, 2023 at 10:34 PM
To: azrita ubh <azrita31@bunghatta.ac.id>

Dear Azrita

Thank you for submitting your response. Are going to be submitting a new version soon or were you intending to respond to
your reviewers first?

As a reminder, reviewers can only update their report when a new version of the article is published and responding to a report
via a comment is not the same as revising your article. When revising their article, authors are strongly recommended to
respond to each individual report explaining how they addressed their feedback in the new version of their article. These
comments are then published at the same time as a new version and are intended to help supplement the summary update

text. We recommend submitting a new version after you have received at least 2 reports, but it is entirely up to you.

If instead you wish to respond to the report before submitting a new version, please let me know so we can process your
comment correctly.

If you have any queries, please do not hesitate to get in touch.

Best regards

Kate

Kate McRobbie (she/her)

Senior Editorial Assistant

10 years of open

research publishing.

F1000
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240 Blackfriars Rd
London SE1 8BF

www.f1000.com

[Quoted text hidden]

azrita ubh <azrita31@bunghatta.ac.id> Tue, Apr 18, 2023 at 10:11 AM
To: "F1000.Research" <research@f1000.com>

Dear
Katte Mcrobbie
Senior Editorial Assistant

[ agree to wait for another Reviewer Report. After that, revisions were made to the second
version.

With best regards

Azrita

[Quoted text hidden]

azrita ubh <azrita31@bunghatta.ac.id> Thu, May 18, 2023 at 6:58 AM
To: "F1000.Research" <research@f1000.com>

Dear
Katte McCrobbie
Senior Editorial Assistant F1000 Research.

We hope you are always healthy; our article with the title: Effect of feed enriched by products formulated from coconut
water, palm sap sugar, and mushroom on the chemical composition of feed and carcass, growth performance, body
indices, and gut micromorphology of giant gourami, Osphronemus goramy (Lacepede, 1801), juveniles (Article No.
124706) has been reviewed by two reviewers (Fatimah Hashim, and Nor Omaima Harun, BIOSES Research Interest
Group, Faculty of Science & Marine Environment, Universiti Malaysia Terengganu, Terengganu, Malaysia).

We've been waiting a month to receive one more response from reviewers to ship a new version soon. However, we
have not received any information from you.

Have you allowed us to send you the new version, which has been reviewed by Fatimah Hashim, and Nor Omaima
Harun. If allowed, please process.

Best Regards

Azrita
[Quoted text hidden]

F1000.Research <research@f1000.com> Thu, May 18, 2023 at 4:40 PM
To: azrita ubh <azrita31@bunghatta.ac.id>

Dear Azrita

Thank you for your email. Authors can revise their articles at any time, but we do strongly recommend waiting until they have
received at least 2 reports — this is to help reduce the number of revisions required, and to avoid losing any agreed reviewers.
Your article currently has 1 report (Approved with Reservations). To avoid any potential confusion, this 1 report was written
by Fatimah Hashim and their co-reviewer, Nor Omaima Harun. You have not yet received 2 reports.
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A second reviewer has agreed to provide a report, however they have not completed their submission. We would recommend
suggesting further reviewers. If you are struggling to find reviewers we recommend searching for subject-relevant articles and
using their author lists to determine potential reviewers. Then searching for these potential suggestions’ institution pages will
help validate whether they have the correct expertise and likely supply you with an email address, which is required to submit
your suggestions. Additionally, we have provided a list of Tips for Finding Reviewers to help.

[Quoted text hidden]

azrita ubh <azrita31@bunghatta.ac.id> Thu, May 25, 2023 at 6:08 AM

To: "F1000.Research" <research@f1000.com>

Dear
Kate McRobbie
Senior Editorial Assistant Research F1000

We have added five recommended reviewers to the article entitled "Effect of feed fortified with products formulated
from coconut water, sugar gum, and fungi on the chemical composition of feed and carcass, growth performance,
body index, and intestinal micromorphology of gouramy (Osphronemus goramy ( Lacepéde, 1801)) juvenile”.

However, we would like to let you know that until two reviewers thoroughly review this article, the Indonesian Ministry
of Education, Culture, Research, and Technology will not recognize this article as a requirement for Indonesian
lecturers to obtain functional positions as associate professors or Professors.

So, we would like to ask for your help in completing the process of reviewing this article so that we can meet the
requirements for the associate professors or professors.

Best regards
Azrita
[Quoted text hidden]

azrita ubh <azrita31@bunghatta.ac.id> Wed, Jun 14, 2023 at 12:44 PM

To: "F1000.Research" <research@f1000.com>

Dear
Kate McRobbie
Senior Editorial Assistant Research F1000

We inform you that so far, we have recommended 20 reviewers who meet the criteria as reviewers for an article
entitled: Effect of Feed Enriched with Product Formulations from Coconut Water, Palm Sugar, and Mushrooms on the
Chemical Composition of Feed and Carcass, Growth Performance, body index, and micromorphology intestine of the
giant gourami, Osphronemus goramy (Lacepéde, 1801), juvenile.

However, only one reviewer has a Reviewer Report. We are pleased that F1000 Research has taken on the
responsibility of helping determine which reviewers would like to comment on this article so that one more reviewer
can review it.

After being thoroughly reviewed by two reviewers, this article will be accepted by the Ministry of Education, Culture,
Research and Technology of the Republic of Indonesia, which funded this research. We await good news from F1000
Research.

Best Regards

Azrita
[Quoted text hidden]
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Peer review report published - article has not yet passed peer review
3 messages

editorial@f1000research.com <editorial@f1000research.com> Fri, Aug 25, 2023 at 5:03 PM
To: azrita31@bunghatta.ac.id

Dear Azrita

Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on the chemical
composition of feed and carcass, growth performance, body indices, and gut micromorphology of giant gourami, Osphronemus
goramy (Lacepéde, 1801), juveniles

Azrita A, Syandri H, Aryani N and Mardiah A

We have published another peer review report for your article in F1000Research at https://f1000research.com/articles/12-
140/v1#referee-response-196596.

You have now received 2 peer review reports. Some of your reviewers had reservations and therefore your article has not yet
passed peer review, which prevents it being indexed in bibliographic databases. (Once an article receives two ‘Approved’
statuses, or two ‘Approved with Reservations’ statuses and one ‘Approved’ status, it will be considered to have passed peer
review.)

At this stage, we would strongly recommend that you revise your article and publish a new version, together with a response to
the reviewers. We will then contact the reviewers again for comments on your revision and an updated approval status.

As a reminder, the definitions of the approval statuses awarded by reviewers are:
Approved: No or only minor changes are required.

Approved with Reservations: The reviewer has asked for a number of small changes to the article, or specific, sometimes
more significant revisions.

Not Approved: Crucial substantial revisions will be required for the paper to pass peer review. It is important to note that a Not
Approved status is not a rejection.

For information on how to submit a new version, please visit Article Guidelines (new versions). Please bear in mind that new
submissions need to be created and submitted using the submitting author’s account.

To respond directly to the reviewer by adding a comment to their report (now, or at a later stage), please click the ‘Respond to
this report’ button below the report. When responding to a peer review report, please try and make sure you are logged into the
account that you originally used for the submission of this article, otherwise we cannot identify your response as being from an
author. Please allow up to one working day for your comment to appear (comments explaining changes in the revised version of
your article are usually published at the same time as the revised version).

Best regards,

Kate
The Editorial Team, F1000Research

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by
anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any
disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly
prohibited. If you have received this electronic message in error, please destroy it immediately, and notify the sender.
F1000 Research Limited does not accept liability for any statements made which are clearly the sender's own and not
expressly made on behalf of F1000 Research Limited. No contracts may be concluded on behalf of F1000 Research
Limited by means of e-mail communication. F1000 Research Limited is Registered in England and Wales with Company
Number 8322928, Registered Office Howick Place, London SW1P 1WG, UK.

Do not delete (filing code): FIKROOCDE F1R-VER136930-A (end code)
azrita ubh <azrita31@bunghatta.ac.id> Mon, Aug 28, 2023 at 8:04 AM
To: editorial@f1000research.com

Dear
Kate
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Editorial Team, F1000Research

Thank you for the email you sent on August 25, 2023. I have received a review report from the
recommended reviewer (Qadar Hasani) and have responded to the report. We have responded to the
feedback provided by two reviewers for article No. 124,706.

We look forward to your input regarding the revision of this paper.

Best regards

Azrita
[Quoted text hidden]

azrita ubh <azrita31@bunghatta.ac.id> Mon, Sep 4, 2023 at 9:57 AM
To: editorial@f1000research.com

Dear
Kate
Editorial Team, F1000Research

We have submitted a new revised version of article No. 124,706. We are waiting for good news from you.

Best regards
Azrita
[Quoted text hidden]
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Thank you for submitting a new version of your article Effect of feed enriched by
products formulated from coconut water, palm sap sugar, and mushroom on the
chemical composition of feed and carcass, growth performance, body indices,
and gut micromorphology of giant gourami, Osphronemus goramy (Lacepéde,
1801), juveniles

1 message

editorial@f1000research.com <editorial@f1000research.com> Mon, Sep 4, 2023 at 9:44 AM
To: azrita31@bunghatta.ac.id

Dear Azrita
Thank you for submitting a new version of your article:

Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on the
chemical composition of feed and carcass, growth performance, body indices, and gut micromorphology of
giant gourami, Osphronemus goramy (Lacepéde, 1801), juveniles

Azrita A et al.

WHAT WE DO NEXT

We will check your submission to make sure we have all the files and information we need and will be in touch in the
next two to three working days. Upon publication of your new version, we usually contact the reviewers who reviewed
the previous version of the article for any further comments or changes to the status they originally awarded your
article.

WHAT YOU NEED TO DO NEXT

Nothing, just relax and we will be in touch shortly. Don't forget you can track the progress of your article via My
Research >> My Submissions.

Please bear in mind that it is possible the reviewers of your previous version might not be available to review this
version. If this is the case and further reviews are required, we will be in touch to discuss the best way to proceed,
which may involve asking for further reviewer suggestions.

Please quote the article number 124706 in any correspondence.

Press releasing articles: Please avoid promoting articles in the media until the article has passed the open peer
review process. Promotion on social media is encouraged once the article has been published; please ensure the full
citation is included, as this contains the peer review status. F1000Research should be cited as the source of these
articles with a link to the article.

Kind regards

The F1000Research Team

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by
anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any
disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly
prohibited. If you have received this electronic message in error, please destroy it immediately, and notify the sender.
F1000 Research Limited does not accept liability for any statements made which are clearly the sender's own and not
expressly made on behalf of FL000 Research Limited. No contracts may be concluded on behalf of F1000 Research
Limited by means of e-mail communication. F1000 Research Limited is Registered in England and Wales with Company
Number 8322928, Registered Office Howick Place, London SW1P 1WG, UK.

Do not delete (filing code): FIKROOCDE F1R-VER155597-A (end code)
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Thank you for submitting a new version of your article 124706
3 messages

azrita ubh <azrita31@bunghatta.ac.id>

production.research@f1000.com <production.research@f1000.com> Mon, Sep 4, 2023 at 10:06 PM

To: azrita31@bunghatta.ac.id

Dear Azrita

Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on the chemical

composition of feed and carcass, growth performance, body indices, and gut micromorphology of giant gourami, Osphronemus

goramy (Lacepéde, 1801), juveniles
Azrita A, Syandri H, Aryani N and Mardiah A

Thank you for submitting a new version of your article to F1000Research. We have noted a few minor issues with your
manuscript (below) — once these are addressed we will proceed with the publication of this version.

Can you please provide us with the new file for figure 4?
Please note that this is the last opportunity to make any changes to the content of your manuscript.

Best regards,

The Editorial Team, F1000Research

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by

anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any

disclosure, distribution, copying or use of this message or taking any action in reliance on the contents of it is strictly
prohibited. If you have received this electronic message in error, please destroy it immediately, and notify the sender.
F1000 Research Limited does not accept liability for any statements made which are clearly the sender's own and not
expressly made on behalf of F1000 Research Limited. No contracts may be concluded on behalf of F1000 Research
Limited by means of e-mail communication. F1000 Research Limited is Registered in England and Wales with Company
Number 8322928, Registered Office Howick Place, London SW1P 1WG, UK.

Do not delete (filing code): FIKROOCDE F1R-VER155597-A (end code)

azrita ubh <azrita31@bunghatta.ac.id> Tue, Sep 5, 2023 at 9:38 AM

To: production.research@f1000.com
Dear
The Editorial Team, F1000Research
Thank you for your email on Sep 4, 2023; Attached, I sent Figure 4 for manuscript No. 124706.
Best regards
Azrita

[Quoted text hidden]
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I i Figure 4.jpg
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F1000.Production.Research <production.research@f1000.com> Tue, Sep 5, 2023 at 9:37 PM
To: azrita ubh <azrita31@bunghatta.ac.id>

Dear Azrita,

Thanks for sending the figure file, we will proceed with the next steps.

Kind Regards,

Manahil
Manahil Aslam
on behalf of F1000 Research

Production Editor

E manahil.aslam@f1000.com

I: CD 10 years of open
research publishing.

F1000

240 Blackfriars Rd
London

SE1 8BF
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) Webmail
§/Univ. Bung Hatta

New version of your article 124706
1 message

azrita ubh <azrita31@bunghatta.ac.id>

editorial@f1000research.com <editorial@f1000research.com> Tue, Sep 5, 2023 at 9:35 PM

To: azrita31@bunghatta.ac.id

Dear Azrita

Effect of feed enriched by products formulated from coconut water, palm sap sugar, and mushroom on the chemical

composition of feed and carcass, growth performance, body indices, and gut micromorphology of giant gourami, Osphronemus

goramy (Lacepéde, 1801), juveniles
Azrita A, Syandri H, Aryani N and Mardiah A

The new version of your F1000Research article is now ready for publication. It will be sent to the typesetters and then published

in due course, at which point you will receive a link to the paper online. Should we have any queries during this process, the
Production team will be in contact.

Best regards,

The Editorial Team, F1000Research

F1000Research is the trading name of F1000 Research Limited. This e-mail is confidential and should not be used by
anyone who is not the original intended recipient. If you are not the intended recipient, you are hereby notified that any
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Abstract article can be found at the end of the article.
Background: Giant gourami, Osphronemus goramy (Lacepéde, 1801) is
the most important freshwater fish species produced by aquaculture
in Indonesia. This study seeks to determine the effects of various
newly formulated products on the amino acid composition of the diet
and whole-body carcass, and to analyse the growth coefficient, body
indices, and gut micromorphology.

Methods: 100 g of palm sap sugar was cooked in 1.1 litre of fresh
water for fifteen minutes, to create 1 litre of 11% palm sap sugar
solution (after some of it had been boiled off). 2 litres of coconut water
were then mixed with the litre of palm sugar solution. 1 litre of this
product was added in turn to 2 g of Aspergillus nig 2),2gof
Rhizopus oligosporus (CP3), and 2 g of Saccharomy erevisiae
(CP4), while freshwater was used as a control (labeled CP1). Aquafeed
was added to CP1, CP2, CP3, and CP4, to make diets labeled KP1, KP2,
KP3, and KP4. The dosage was 150 ml/kg of feed. Juvenile giant
gourami (initial weight 50+0.25 g and length 13.2+0.07 cm) were
reared in triplicate net frames (2x1x1 m; water volume 1.5 m3)ina
freshwater concrete pond with a stocking density of 30 juveniles/net.
Results: The results supported our hypothesis that different product
formulations have a significant effect (P < 0.05) on aquafeed nutrition
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and the whole-body carcass, growth coefficient, feed utilization, body
indices, and gut micromorphology of giant gourami juveniles. The
thermal growth coefficient strongly correlated with the daily growth
coefficient (r2 = 91%). The KP3 diet contains a higher concentration of
amino acids, which increased the growth coefficient, feed utilization,
and carcass quality more than the other diets we tested.
Conclusions: Diet KP3 contains higher total amino acids in diets and
carcasses and leads to better growth for giant gourami.

Keywords
Giant gourami, amino acid profile, growth performance, palm sap
sugar, coconut water, gut micromorphology
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Introduction

In this decade, the production of capture fisheries has decreased; meanwhile, the demand for fish products for human
consumption is increasing. Therefore, according to the Food and Agriculture Organisation, 60% of fisheries production in
the future will come from aquaculture activities and this figure will continue to rise.’ The utilization of a variety of fish for
aquaculture has now increased the need for commercial feed.”™ At the same time, for aquaculture operations, the cost of
aquafeed is still a significant challenge.”™® On the other hand, commercial feed produced by factories still does not
contain complete nutrition for fish growth, while being acknowledged for its positive effects on food safety.”™"" In this
context, enriching fish feed with cost-effective natural ingredient resources is key to increasing feed nutrient quality and
feed efficiency in commercial fish farming and ensuring the sustainability of aquaculture operations.”'*"?

The target is fish feed that is wealthy in many important nutrients, including protein, fat, vitamins, and minerals that
cultured fish can utilize to increase their growth rate and survival and that is beneficial for human health.”'*~'° Therefore,
novel approaches have been developed by scientists to improve the nutrition of fish feeds, such as feed supplemented with
EPA and DHA,'” iodine and selenium,'” methionine,'® fish oil,'"*'” and soybean oil.” In addition, supplementing
probiotics into the diet”' and supplemental glycine, prebiotics, and nucleotides in a soybean meal-based diet have been
studied.”

The progress of aquaculture biotechnology has stimulated the interest of scientists in improving aquatic animal
production, for example, to increase giant gourami production. One of the experimental techniques is to increase feed
nutrition used for this purpose, such as, the use of fish meal and Azolla flour as a feed ingredient for giant gourami,” and
the utilization of new products formulated from water coconut, palm sap sugar, and fungus for the enrichment of
commercial feed.” Additional research has involved a diet supplemented using glutamine,”* feed supplemented with a
growth hormone,” and substitute fish meal incorporating chicken feather.”® Whether using coconut water and palm sap
sugar fermented with mushrooms affects the amino acid composition of the diet, body carcass, growth coefficient, and
body indices is still not understood.

Coconut water has extraordinary nutritional value and contains supplements for health like minerals, amino acids, fatty

acids, vitamins, enzymes, organic acids, and several phenolic compositions.”’ " Palm sap sugar also has health benefits

due to its essential nutrient content, such as a low glycaemic index, and it contains antioxidants, vitamins, and
minerals.”'~* Meanwhile, mushrooms have been widely used in fermentation due to their ability to degrade antigenic
proteins in fish feed ingredients.”>*° Additionally, coconut water is a functional food that can protect the lens from %
diabetic cataract development in rats.”” Coconut water is also a treatment for burning pain during urination, dysuria,
gastritis, increasing semen, and indigestion.*®

On the other hand, Azrita e al.” have reported using new formulations of products containing coconut water and palm sap
sugar that are fermented with various mushrooms involving a dosage of 300 ml/kg feed. Their newly formulated products
can increase fatty acid levels in the diet and whole body carcasses. Besides that, they also improve giant gourami's growth
performance and feed efficiency.

However, the effect of these new formulation products at a dosage of 150 ml/kg feed on the diet amino acid composition,
and body meat's amino acid composition has not yet been analyzed. In line with that, the relationships between thermal
growth coefficient and condition factor, daily growth coefficient, and feed utilization coefficient, including body indices
parameters, as well as the gut micromorphology of giant gourami, have not yet been analyzed.

We hypothesized that commercial aquafeed combined with different newly formulated products at the dosage of
150 ml/kg feed could improve the amino acids compositions of the aquafeed and whole body carcass, body indices,
and gut micromorphology. Hence, this investigation's first purpose was to analyze the effect of various newly formulated
products on the diet's proximate compositions, amino acid composition, and whole-body carcass. The second aim was to
analyze the impact of newly formulated products on the growth coefficient and relation to thermal growth coefficient,
body indices, and gut micromorphology in giant gourami juveniles.

Methods

Ethical approval

The Research and Community Service Ethics Committee at Universitas Bung Hatta, West Sumatera, Indonesia approved
this research (89/LPPM/Hatta/III-2022) which followed the ARRIVE guidelines. The Ministry of Education, Culture,
Research and Technology of the Republic of Indonesia funded the research under grant No. 076/E5/PG.02.00 PT/2022
on March 16, 2022. Approval was given by the ethics committee to collect and rear juvenile gurami sago in the
aquaculture laboratory, Faculty of Fisheries and Marine Science at Universitas Bung Hatta. All efforts were made to
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relieve the suffering of experimental animals. Therefore, the animal did not suffer for this study, and they were still in
good condition when returned to the pond after research was completed. Where some fish were euthanized, this was
carried out by piercing part of the fish’s brain. Gurami sago fish are not classified as a protected animal according to
Indonesian legislation.

Preparation of formulated product

We prepared 100 g of palm sap sugar by traditional production and cooked itin 1.1 litre of fresh water for fifteen minutes
at 60° C, and only got 1 litre of palm sap sugar solution due to some of it being boiled off. Then, this was cooled in an open
space for twenty minutes. Furthermore, we also prepared 2.0 litres of mature coconut water (Cocos nucifera L.) and
mixed it with the 1.0 litre of palm sap sugar solution. The product was stored for ten minutes in a cool air-conditioned
room. A total of 3.0 litres of the formulated product was divided into three parts of 1.0 litre each. We added 2 g of
Aspergillus niger (1abeled as CP2 product) to the first part of the formulated product solution, 2 g of Rhizopus oligosporus
(labeled as CP3 product) to the second part, and 2 g of Saccharomyces cerevisiae (labeled as CP4 product) to the third
portion. The CP2, CP3, and CP4 products were fermented for 48 hrs in a jerry can (2.0 litres) using an Aerasi PUIIMAC,
MAC-40 K 40 L/min. The products of CP2, CP3, and CP4 were used to enrich the nutrition of commercial aquafeed
(781-2, PT. Japfa Comfeed Indonesia, Tbk) and labeled as the KP2, KP3, and KP4 diets. The aquafeed was supplemented
with freshwater (labeled as the KP1 diet; placebo).

Preparation of experimental diets

Giant gourami juveniles were adapted for one month to standard feed, namely floating commercial aquafeed 781-2 (pellet
size 2 mm), which contained 10.66% water content, 30.10% crude protein, 4.09% crude fat, 45.35% total carbohydrates,
2.5% ash, and 9.18% crude fibre. The minerals in the commercial feed were 280.08 mg/100 g Na, 1415.02 mg/100 g Ca,
1358.07 mg/100 g K, 1200.31 mg/100 g P, 292.03 mg/100 g Mg, 18.14 mg/100 g Fe, and 13.83 mg/100 g Zn. The
aquafeed was added to freshwater to create the KP1 diet as observed, and the formulated CP2, CP3, and CP4 products
were added to the aquafeed at a dosage of 150 ml/kg of feed to create the enriched fish diets. The formulated product
added to the aquafeed was mixed manually with it for three minutes to obtain maximum homogenization and then the
blend was dried in the open air for thirty minutes. Thereafter, it was given to the trial animal.

Experimental procedures and sampling

In the present study, we measured fish weight using AD-600i scales with 0.001 g accuracy (ACIS model number
AD-600i, China). At the same time, a meter ruler with 1 mm accuracy was used to estimate the body length. A total of
360 sago strain juveniles of giant gourami were counted; the initial mean weight was 50 £ 0.25 g, and the initial length
was 13.240.07 cm. For rearing juveniles, twelve nets framed with 2 m® (2 x 1 x 1 m) PVC pipe (water volume of 1.5 m>)
were placed inside two freshwater concrete ponds with a size of 18 m® (6 x 2 x 1.5 m). This experiment consisted of four
treatments and three replications, and each frame net was stocked with 30 juveniles. The giant gourami were fed the KP1,
KP2, KP3, and KP4 diets three times a day (08:00, 12:00, and 17:00 hrs) during the 90-day feeding trial. Juveniles of giant
gourami were fed at a 3% body weight rate per day based on the percentage of stored biomass. Fish samples were
collected every 30 days for body weight and length measurements. Ten fish per net frame were collected and anesthetized
orally using clove oil. Then, their lengths and weights were measured. Prior to sampling, the fish fasted for 24 hrs to empty
their intestinal contents.

Proximate and amino acid composition

The diet samples and proximate carcass composition were analyzed using standard AOAC methods.” The matter was
dried to a constant weight at 105°C. We used the standard Kjeldahl method to analyse crude protein (N x 6.25). We used
the Soxhlet method with ether extraction to analyse crude lipids; the ash was incinerated at 550°C for 16 hrs, whereas
gross energy was measured in a bomb calorimeter. The amino acid composition was determined by using a high-
performance liquid chromatography (HPLC) system consisting of a water 1525 binary HPLC pump, 717 autosamplers
(water®), and water 2475 multi A fluorescence detector optics (wavelengths: 250 nm for excitation and 395 nm for
emission). It was hydrolysed in triplicate with 6 N hydrochloric acid for 24 hrs at 11°C.*"

Nutrient utilization and body indices

The growth coefficients in the fish experiments were measured by using the thermal growth coefficient (TGC), daily
growth coefficient (DGC), total feed intake (FI), and protein efficiency ratio (PER) of giant gourami, assessed using the
following formulae:

TGC = [(final weight (g))!/s—(initial weight (g))'/]/[(mean water temperature (°C)) x duration of rearing period (day)]
x 1000
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DGC = (Wf's~Wi'/3) /duration of rearing period (day) x 100
Flas feed (Flas feed in g/fish/day) = Total feed fed/(n x t)

PER = wet weight gain/total protein intake

Three fish from each net frame were sacrificed and dissected immediately to determine the Condition factor (CF),
Viscerosomatic index (GSI%), Hepatosomatic index (HSI%), Visceral fat-somatic indexes (VFSI%), and Bilesomatic
index (BSI) as given below:

CF =100 x [weight of the juvenile (g) /Length of juvenile (cm?)]
GSI=100 x [viscera weight (g) /whole body weight (g)]
HSI= 100 x [liver weight (g) /whole body weight (g)]
VFSI =100 x [visceral fat weight (g) /whole body weight (g)]
BSI =100 x [Bile weight (g) /weight of liver (g)]

Histological examination of the gut

For histological analyses, each gut specimen of the animal was cut into the foregut, midgut, and hindgut. Moreover, the
cells were cleaned in saline solution and fixed in Bouin's fixative solution for 24 hrs. After sequential dehydration steps in
alcohol, the gut samples were embedded in paraffin. The implanted tissue blocks were sectioned at 5 pm, ctions
were consistently stained with Haematoxylin-eosin and observed under a light microscope (Olympus IX uipped
with Image-Pro Plus 7.0 software. The digitalized analysis measures the micrometer length of various enteric structures of
gutimages. We determined the average fold height (hF), fold width (wF), and enterocyte height (hM V) of the gut per slice
(5 fields per individual sample) according to procedures described by Li ez al.'® The specific measurement method of gut
samples is shown in Figure 1.

Pond water quality

The water quality values of the freshwater concrete ponds that were used to rear the giant gourami juveniles were recorded
weekly. The water samples were collected at 10:00 am at a depth of 20 cm from each concrete pond to determine the water
temperature, dissolved oxygen, and pH value. In addition, we also measured the total alkalinity, hardness, and nitrates of
the water in the pond experiments. A thermometer (Celsius scale) was used to measure water temperature. To measure
water dissolved oxygen (O,; mg L), we used an oxygen meter (YSI Model 52, Yellow Instrument Co, Yellow Spring,

Figure 1. Transversal section photomicrographs of giant gourami juvenile foregut. (A) Fold height and fold
width were analyzed in a lower magnification of objective lens of microscope (magnification x 100), (B) Enterocytes
height and microvilli height were analyzed using a higher magnification of an objective lens microscope (magnifi-
cation x 200). hF = fold height, wF = fold width, hE = enterocyte height, hMV = microvillus height (hematoxylin and
eosin).
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OH USA). A digital pH meter (Mini 0-14 pH IQ, Scientific Cemo Science, Thailand) was used to determine the pH
values of water in the experiments. The level of nitrate-nitrogen (NO5-N; mg L"), alkalinity (mg L™), and hardness
(mg L") were measured according to standard procedures.”’

Calculations and statistical method

The data from this study were reported in the form of the mean + standard deviation for each treatment. Data were
analysed using the SPSS 16.0 software package (SPSS; Chicago, IL). Normality was tested using the Kolmogorov—
Smirnov statistic. Homogeneity was checked using absolute residuals according to Levine's test. One-way ANOV A was
used to determine the treatment effect, followed by a post-hoc Duncan's multiple range test.*” To create the figures,
Microsoft Office Professional Plus 2019 was used.

Results

Proximate and amino acid profiles of the diets

Commercial feed supplemented with different formulated products with the dosage of 150 ml/kg of feed significantly
affects the proximate composition of diets. One-way ANOVA results showed a marginal interaction among treatments
in the case of protein content (F3 gy = 1.522, P = 0.282), fat (F3 5y = 5.663, P = 0.022), carbohydrates (F3 g, = 1.862,
P =0.214), crude fibre (F3 g, = 1.445, P = 0.300), and ash (F3 g, = 0.272, P = 0.844), and the total energy content
(F3.8y=1.112, P =0.400) differed considerably (P < 0.05) among the four diets (Table 1). Duncan's Post-hoc test revealed
that the protein content (21.6967 4 0.17%) was significantly higher (P <0.05) in the KP3 diet than in the other treatments,
while the carbohydrate (31.19 4= 0.38%), crude fibre (2.82 £ 0.06%), and ash (6.57 4= 0.04%) contents were significantly
higher (P < 0.05) in the KP3 diet than in the other diets. Conversely, the total energy content was 240.88 + 0.74
(kg calories/100 g), which was significantly higher (P < 0.05) in the KP3 diets than in the KP1, KP2, and KP4 diets
(Table 1).

The levels of free amino acids in the diets supplemented with different formulated products with a dosage of 150 ml/kg of
feed are presented in Table 1. All types of amino acids in the diets of KP1, KP2, KP3, and KP4 were significantly different
(P <0.05), except for tryptophan, and there was no significant difference (P > 0.05) between KP2, KP3, and KP4. Among
the essential amino acids, leucine and arginine were found in the highest amounts in the KP1, KP2, KP3, and KP4 diets.
There was no significant difference (P > 0.05) in the alanine content between KP2 and KP3 diets and the cystine level in
KP1 and KP3 diets. Of the nonessential amino acids, glutamic and aspartic acid represented a significant portion of all
four diets.

The present study found significant differences in the overall free essential and nonessential amino acid pools in the KP1,
KP2, KP3, and KP4 diets (Table 1). One-way ANOVA results exhibited a marginally significant interaction between
experimental diets in terms of essential amino acids (F(3 g,=11.371, P =0.003), nonessential amino acids (F( g, = 0.407,
P =0.752), and overall amino acid pools (essential plus nonessential) (Fz g)=7.355, P =0.011). Duncan's Post-hoc test
revealed that the free essential amino acids (9.03 £+ 0.003%), nonessential amino acids (8.88 4 0.004%), and overall
amino acid pools (17.91%) were significantly higher (P < 0.05) in feed supplemented with CP3 products, followed by
CP2, CP4, and CP1 products (Table 1).

Table 1. The experimental diets' proximate and amino acid composition (% dry matter). Mean + SD*.

KP1 KP2 KP3 KP4
%, dry weight basis

Proximate composition

Dry matter 38.42 + 0.25° 38.27 + 0.01° 37.59 + 0.16° 38.41+ 0.10°
Crude protein 19.68 + 0.41° 20.27 £0.13° 21.70 + 0.18¢ 20.44 +0.10¢
Crude lipid 3.41 £ 0.02° 3.67 £0.13° 3.50 + 0.02%¢ 3.48 + 0.04%¢
Carbohydrate 26.37 +0.17° 29.50 + 0.54° 31.19 + 0.38° 30.57 + 0.06¢
Crude fibre 2.23 + 0.05° 2.36 +0.01° 2.82 + 0.06° 2.45 + 0.06°
Ash 2.75 + 0.03? 6.66 + 0.05° 6.57 + 0.04¢ 6.67 -+ 0.06¢
Energy total (kg calorie/100 g) 240.87 + 0.382 234.41 £+ 0.30° 240.88 + 0.74°¢ 237.11 4+ 0.43¢
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Table 1. Continued

KP1 KP2 KP3 KP4
%, dry weight basis

Amino acid composition

EAA
Leucine 1.36 + 0.01° 1.42 +£0.01° 1.46 +0.01¢ 1.36 +£0.01¢
Isoleucine 0.76 + 0.01° 0.79 + 0.01° 0.81 +£0.01° 0.76 + 0.01¢
Lysine 0.95 + 0.01° 1.10 + 0.01° 0.98 + 0.01° 1.20 + 0.01¢
Valine 0.86 + 0.012 0.94 + 0.01° 0.96 + 0.01° 0.89 + 0.01¢
Threonine 0.79 + 0.022 0.92 +0.01° 1.04 +0.01¢ 0.83 +0.01¢
Arginine 1.02 +0.01° 1.19 +0.01° 1.30 £ 0.01°¢ 1.03 + 0.01¢
Phenylalanine 0.67 + 0.01° 0.93 +0.01° 1.05 4+ 0.01°¢ 0.77 £ 0.01¢
Tyrosine 0.43 £ 0.01° 0.53 + 0.00° 0.57 + 0.06° 0.45 + 0.01¢
Methionine 0.18 £ 0.01° 0.26 + 0.01° 0.30 £ 0.01¢ 0.21 +0.01¢
Histidine 0.40 + 0.01° 0.50 + 0.01° 0.57 + 0.01° 0.43 +0.01¢
Tryptophan 0.06 + 0.012 0.11 £ 0.01° 0.07 + 0.00°° 0.09 + 0.01°¢
NEAA

Alanine 0.85 + 0.01° 0.94 + 0.01° 0.87 + 0.06° 0.97 + 0.01°¢
Serine 1.01 +£0.01° 1.12 £ 0.01° 1.2340.01¢ 1.01 +0.01¢
Glycine 1.15 + 0.01° 1.32 +£0.01° 1.29 +0.01¢ 1.19 + 0.01¢
Proline 1.01 +£0.01° 1.05 + 0.01° 1.03 +0.01¢ 1.03 + 0.02¢
Aspartic acid 1.25 +0.012 1.50 &+ 0.01° 1.40 + 0.01¢ 1.56 + 0.01¢
Glutamic 2.15 +0.03? 2.88 +0.03° 2.59 + 0.01° 3.01 + 0.03¢
Cystine 0.09 + 0.012 0.07 + 0.01° 0.04 + 0.01° 0.09 + 0.012¢
SEAA 7.56 + 0.003° 8.70 + 0.003° 9.03 + 0.003¢ 8.04 + 0.003¢
YNEAA 7.51 + 0.008° 8.88 + 0.007° 8.88 + 0.004¢ 8.84 + 0.008¢
SAA 15.07 + 0.0042 17.58 + 0.002° 17.91 + 0.00° 16.88 + 0.003¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).
*Values represent the means of triplicate samples.

Proximate and amino acid profile of the whole body of giant gourami

Commercial feed combined with a new formulation product significantly affected the proximate carcass composition of
juvenile giant gourami. One-way ANOVA results showed a marginal interaction among group treatments in the case of
protein contents (F3 gy = 1.522, P = 0.282), fat (F(3 3y = 5.663, P = 0.022), carbohydrates (F3 )= 1.862, P = 0.214), and
crude fibre (F3 gy = 1.445, P = 0.300). Duncan's Post-hoc test revealed that the protein content (28.85 %+ 0.45%), fat
(2.67 £0.04%), carbohydrates (1.97 = 0.09%), and crude fibre (0.83 = 0.02%) were significantly higher (P <0.05) in the
KP3 diet than in the other treatments. Meanwhile, the carcass protein content of fish fed KP1, KP2, and KP4 was not
significantly different (P > 0.05) between treatments. For the energy total, KP3 was significantly higher (P < 0.05) than
the other treatments (Table 2). However, the moisture content of the carcass did not show any significant variation among
the KP1, KP2, KP3, and KP4 diets.

The mean quantities of total amino acids in the carcasses of O. goramy fed different diets are given in Table 2. Lysine and
leucine represented a significant portion of the essential amino acids of the whole body carcass, and methionine was
present in small quantities in all of the whole-body meat. Of the nonessential amino acids, glutamic acid, aspartic acid, and
alanine were the highest, and cystine was the lowest for all whole-body carcasses of giant gourami fed different diets. The
levels of glutamic acid were significantly higher in carcasses of fish fed the KP3 diet than in those provided the KP1, KP2,
and KP4 diets.

When the overall quantities of total essential and nonessential amino acids were compared, the whole-body carcass amino
acid content was significantly lower (P < 0.05) in fish fed the KP1 diet than in those fed the KP2, KP3, and KP4 diets

Page 7 of 18



F1000Research 2023, 12:140 Last updated: 08 FEB 2023

Table 2. Whole-body proximate and amino acid composition of giant gourami after a 90-day feeding trial.

Mean + SD*.

Proximate composition

Dry matter
Crude protein
Crude fat
Carbohydrate
Crude fibre
Ash

Energy total (kg calorie/100 g)

Amino acid composition

EAA
Leucine
Isoleucine
Lysine
Valine
Threonine
Arginine
Phenylalanine
Tyrosine
Methionine
Histidine
Tryptophan
NEAA
Alanine
Serine
Glycine
Proline
Aspartic acid
Glutamic
Cystine
SEAA
SNEAA
YAA

KP1

%, dry wet basis

64.59 + 0.16°
28.64 + 0.28°
2.79 +0.037
1.38 +£0.01°
0.97 + 0.02°
1.63 + 0.02°
144.77 + 1.58%

2.13 +£0.017
1.13 4+ 0.01°
2.77 £0.01°
1.26 +0.01°
1.38 + 0.02°
1.58 +0.01°
1.02 + 0.01°
0.80 + 0.01°
0.15 +0.01°
0.55 + 0.01¢
0.08 +0.01°

1.86 + 0.01°
1.28 +£0.01°
1.58 +0.01°
1.06 + 0.01°
2.71 £0.01°
4.36 + 0.03°
0.06 + 0.01°
12.68 + 0.003?
12.91 + 0.0072
25.59 + 0.003°

KP2

64.51 + 0.34°
28.07 + 0.79%°
2.88 + 0.02°
1.99 + 0.06°
0.68 + 0.01°
1.70 + 0.02°
155.48 + 1.26°

237 +£0.01°
1.25+0.01°
3.16 +0.02°
1.40 £+ 0.01°
1.49 +0.01°
1.71 £0.01°
1.11+£0.01°
0.84 + 0.00°
0.21 +0.01°
0.56 + 0.01%°
1.02 +0.01°

2.08 +0.01°
1.31 £0.01°
1.68 + 0.01°
1.16 + 0.01°
3.08 +0.01°
4.92 +0.01°
0.09 + 0.01°
15.13 + 0.005°
14.32 +£0.01°
29.45 4 0.04°

KP3

64.14 + 0.337
28.85 + 0.45°
2.67 £ 0.04°
1.97 + 0.09¢
0.83 £+ 0.02¢
1.54 +0.01°
157.90 £ 0.91¢

2.42 +£0.01°
1.38 + 0.01°
3.88 +0.01°
1.32 + 0.01¢
1.43 +0.01¢
1.63 £ 0.01¢
1.08 £ 0.01¢
0.83 +0.01°
0.18 +0.01°
0.59 + 0.01°
1.08 £ 0.01¢

2.924+0.01¢
1.26 +0.01¢
1.61 £0.01¢
1.08 + 0.01¢
3.794+ 0.01¢
4.97+0.01¢
0.06 + 0.01¢
15.82+ 0.001°¢
15.69 =+ 0.002¢
31.51 £ 0.001°¢

KP4

64.24 +0.12°
28.66 + 0.44%
3.00 + 0.02¢
1.31 + 0.02¢
0.95 + 0.04¢
2.11 £ 0.04¢
149.60 + 0.29¢

2.26 +0.01¢
1.194 0.01¢
2.86 +0.01¢
1.35 4+ 0.01¢
1.48 +0.01¢
1.70 + 0.01¢
1.11 £ 0.01¢
0.85 + 0.06
0.16 + 0.01¢
0.57 + 0.01¢
0.06 + 0.00¢

1.97 + 0.01¢
1.31 +0.01¢
1.77 £ 0.01¢
1.16 + 0.01¢
2.77 £ 0.01¢
4.66 + 0.01¢
0.05 + 0.01¢
13.61 + 0.008¢
13.50 + 0.001¢
27.11 + 0.004¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).
*Values represent the means of triplicate samples.

(Table 2). The number of amino acids (essential plus nonessential) in the carcasses of fish fed the KP3 diet was
significantly higher than that in fish fed the KP1, KP2, and KP4 diets.

Growth coefficient and survival

The growth coefficient and feed utilization of the giant gourami juveniles displayed significant differences among the
diets. One-way ANOVA results exhibited a marginally significant difference between experimental diets in the case of
the thermal unit growth coefficient (F(3 gy = 153.99, P = 0.458), and daily growth coefficient (F(; gy = 59.88, P = 0.288),
while total feed intake (% BW day-1) (F(3 3y = 14.938, P =0.56), and protein efficiency ratio (F(3 gy = 15.78, P =0.29) also

showed significant differences (P < 0.05) among the treatment diets (Figure 2).
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Figure 2. Growth coefficient and feed utilization of the giant gourami juveniles reared under different diets
during 90 days of the experiment period. (A) Thermal growth coefficient (TGC), (B) daily growth coefficient (DGC),
(C) feed intake (FI), and (D) protein efficiency ratio (PER). The mean value and standard deviation (mean + SD) are
presented for giant gourami (n = 3). Different superscripts in the bar diagram of the giant gourami juvenile TGC, DGC,
FI, and PER indicate significant differences among other diets (P < 0.05, One-way ANOVA Duncan Post-Hoc).

Furthermore, the thermal growth coefficient (TGC) has often been used to predict growth performance and production
performance of aquaculture using water temperature at the fish-rearing location. This study presents the relationship
between thermal growth coefficient and condition factor, daily growth coefficient, and protein efficiency ratio (Figure 3).
The thermal growth coefficient had strong relationships with the condition factor (+* = 0.777, Figure 3A), daily growth
coefficient (+* = 0.920, Figure 3B), and protein efficiency ratio (* = 0.749, Figure 3D), while the thermal growth
coefficient had a moderate relationship with the feed intake (+* = 0.698, Figure 3C).

Condition factor and body indices of giant gourami after 90 days of feeding

The condition factor was significantly different between diets (F(3 gy = 19.98, P = 0.566) in the present study; while the
GSL HIS, and VFSI displayed marginally significant differences between diets. The HIS was significantly (F3 5)=15.389,
P =0.500) higher in the KP3 diet, but KP1, KP2, and KP4 diets had no significant differences among them (Table 3). The
GSI value of giant gourami was significantly (F5 ) = 10.492, P = 0.243) different between diets, and the GSI of giant
gourami fed KP3 rations was higher than if fed KP1, KP2, or KP4 diets. The VFSI was not considerably different among
the KP1, KP2, and KP4 diets. The Duncan's post-hoc test revealed that the HIS (1.30 = 0.13%), GSI (4.15 £ 0.36%), and
VESI (2.75 £ 0.34%) were significantly higher (P < 0.05) in the KP3 diet than in the other diets. Meanwhile, BSI showed
no significant difference (P > 0.05) among the treatment diets (Table 3).

Gut micromorphology

The gut morphometric measurements of giant gourami juveniles are presented in Table 4. Fish gut micromorphology was
significantly affected by different feeds. One-way ANOVA results showed a significant effect of feed differences
between groups in terms of foregut fold height (F5 5y =816.70, P =0.135), foregut fold width (F3 5,=129.34, P=0.974),
height of the foregut (F g) = 169,80, P = 0.882), and microvillus height of the foregut (F3 gy = 56,01, P = 0.285). The
Duncan's post-hoc test demonstrated that the foregut fold height (434.13 £ 1.76 pm), fold width (53.23 % 0.88 um),
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Figure 3. Relationships between thermal growth coefficient and condition factor (A), daily growth coefficient
(B), feed intake (C) and protein efficiency ratio (D) for giant gourami (0. gourami) over 90 days.

Table 3. Mean (+ SD) value condition factor and body indices of giant gourami during the 90-day experimental
period.

Growth coefficients KP1 KP2 KP3 KP4
Condition factor (CF) 2.45 + 0.09° 2.90 + 0.07° 2.92 +0.13° 2.61+0.04°
Viscerosomatic index (GSI%) 3.20 £ 0.21° 3.77 + 0.09° 4.15 £ 0.36°¢ 3.17 +0.02¢
Hepatosomatic (HIS%) 0.97 + 0.05° 1.06 + 0.19%° 1.30 £ 0.13¢ 1.04 +0.1234
Visceral fat-somatic indexes (VFSI%) 2.154+0.13° 2.29 £ 0.22%° 2.75 4+ 0.34¢ 1.74 £ 0.21%@
Bilesomatic (BSI%) 10.11 +£0.76 10.58 £+ 1.01 10.48 +1.28 10.29 £ 0.77

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).

enterocyte height (27.42 £ 0.42 um), and microvillus height (2.79 4 0.45 um) were significantly higher (P <0.05) in fish
fed the KP3 diet than those fed the other diets. For the midgut, one-way ANOV A results showed a significant interaction
among treatments in the case of fold height (F(3 ) = 5602.628, P = 0.055), fold width (F3 g, = 129.341, P = 0.974),
enterocyte height (F3 g)=169.809, P =0.882), and microvillus height (F(3 gy = 56.016, P = 0.285). The Duncan's post-hoc
test showed that the fold height of the midgut (324.96 £+ 1.43 pum), fold width (61.50 £ 1.02 pm), and enterocytes
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Table 5. The average values and range of water quality parameters in the concrete pond during the 90-days of
experiment.

Water quality parameters n Mean + SD Range WHO/FAO limits  References
Water temperatures (°C) 45  28.01+1.06 27-30 25-33 Prokoso et al.**
Dissolved oxygen (mg/L) 14  6.01+0.14 5.80-6.20  3-5 Syandri et al.**
Total alkalinity (mg/L as CaCOs) 14  58.09+3.33  52.5-62.5 120 Boyd et al.**
Hardness (mg/L as CaCO53) 14 6634+132 65-68.5 168 Boyd et al.*

pH 14  748+019  7.2-7.8 6.5-9.0 Boyd et al.*
Nitrates (mg/L) 14 0.04 + 0.01 0.03-0.05 0.2-219 Boyd and Tucker*®

(32.82 £ 0.54 um) were significantly higher (P < 0.05) in fish fed the KP3 diet, whereas microvillus height was
significantly higher in fish fed the KP2 diet (Table 4). Fish fed the KP3 diet showed a higher fold height of the hindgut
(F3,8)=15459.01, P = 0.066), fold width (F3 g, =271.94, P =0.865), enterocyte height (F(3 gy = 299.180, P = 0.821), and
microvillus height (F3 gy = 253.57, P = 0.316).

Pond water quality

The pond water quality values of the giant gourami juvenile rearing freshwater concrete pond were recorded; water
temperatures, dissolved oxygen (DO), total alkalinity, hardness, pH, and nitrates were in the range of typical values as
given by WHO/FAO, as shown in Table 5.

Discussion

The chemical analysis of fish feed is essential because it provides valuable information to aquafeed nutritionists
concerned with readily available sources of proximate and amino acid compositions, including minerals and vitamins.
This study investigated the nutritional quality of fish feed enriched with three different formulation products and one as a
placebo. Dietary protein levels for giant gourami ranged from 19.68 to 21.70%. Overall, the crude protein content in the
feed of this study was within the ranges observed by other authors.*’~*’ The giant gourami belongs to the trophic level of
herbivorous fish.”’ Generally, herbivorous fish require a lower dietary protein level than carnivorous fish.”'*’ Reducing
the protein content of aquafeed is one method to increase continuous fish farming, by diminishing feed costs and reducing
the impact on the aquatic environment.”> The fat content of the feed ranged from 3.41 to 3.67%, which is similar to the
feed fat content for juvenile grass carp, Crenopharyngodon idella,” and lower than the feed fat content for the
herbivorous fish Ancistrus cirrhosis™ and for rearing rohu, Labeo rohita.”* At the same time, the carbohydrate content
of all feed treatments ranged from 26.37 to 31.19%, and the energy total (kg calorie/100 g) was between 234.41 and
240.87. Although protein content as an energy source for the maintenance and growth of giant gourami is relatively low,
energy can be acquired from either protein or nonprotein sources, i.e., fat and carbohydrates.

In the present study, the commercial fish feed was enriched with natural sources, i.e., formulated products of mature
coconut water and palm sap sugar fermented with various fungi (Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae). In the recent past, the dose used was 300 ml/kg of feed. This method is a new approach
that has been developed by Azrita ef al.” to improve feed nutrition and whole-body carcasses, covering fatty acids, the
atherogenic index and thrombogenic, feed efficiency, and growth performance of giant gourami. Here, we continued the
investigation by reducing the feed dose to 150 ml/kg. This study's results found that supplementing feed with newly
formulated products can increase feed nutrition, covering amino acids in diet and body meat, and the growth coefficient
of giant gourami. Several authors have reported increasing feed nutrition and maximizing the digestive enzyme activity
of aquacultured fish by providing feed supplemented with EPA and DHA,'” iodine and selenium,'’ methionine, ' fish
0il,''" and soybean oil.”” In addition, the provision of feed has been supplemented with probiotics,”’ glycine, and
prebiotics.”” In this study, mature coconut water and palm sap sugar solution fermented with various fungi were used
to supplement fish feed. In addition to coconut water and palm sugar, mushrooms also play a role in increasing feed
nutrition. However, it's better to use Rhizopus oligosporus. As in the present study, Varzakas’> and Vong et al.’® showed
that Rhizopus oligosporus can produce various extracellular enzymes. Aspergillus niger. has a high capacity to degrade
antigenic proteins, including carbohydrases, proteases, lipases, and phosphatases, when used for fermenting plant-
sourced fish feed ingredients.' >’ Saccharomyces cerevisiae is one of the most acclaimed microorganisms. Its effec-
tiveness is due to its useful composition, such as “B-glucans, nucleic acids, mannan oligosaccharides and chitin,” which
are used for fermented ingredients.’->®
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The amino acid composition can be used to assess feed quality. Leucine, arginine, and glutamic acid were the most
abundant free amino acids in the KP1, KP2, KP3, and KP4 diets. Similarly, in other studies on fish feed, such as feed for
largemouth bass, Micropterus salmoides, the feeds were supplemented with glycine, prebiotics, and nucleotides in a
soybean meal-based diet.”” Feed for pacu, Piaractus mesopotamicus, was supplemented with an essential amino acid,””
and feed for snubnose pompano, Trachinotus blochii, was supplemented with different levels of protein.®” Apparently,
supplementing feed with different ingredients is common, and in other species, leucine, arginine, and glutamic acid were
the most abundant FAAs. Conversely, methionine levels were low in all experimental feeds. Methionine is one amino
acid that must be available in fish feed because methionine is needed to protect body cells from stress. For optimal growth
of juvenile hybrid grouper, 1.89% methionine is required in the feed.'® The experimental feed contained 0.18-0.30%
methionine, but whether this amount is sufficient for the needs of giant gourami is poorly understood.

In the current study, the nonessential amino acid compositions were slightly higher than the essential amino acid
compositions in all the experimental diets. It was higher in the KP3 diet than the other diets. In contrast, the essential
amino acids of fish feed for snubnose pompano were slightly higher than the nonessential amino acids content.’ This
difference may be caused by differences between freshwater fish and marine fish. As in the present study, Prabu ef al.®’
reported that different dietary protein levels also caused different pools of FAAs, including limiting essential amino acid
types in the diet” and supplemental glycine, prebiotic, and nucleotide levels in the soybean meal-based diet.”” In the
present study, this difference in FAA content is caused by various mushrooms used in the formulated products.

Giant gourami juveniles fed the KP3 diet showed higher levels of glutamic acid, aspartic acid, leucine, and lysine and
lower levels of tyrosine, methionine, histidine, tryptophan, and cystine in their carcasses than those fed other diets. The
carcasses of giant gourami fed the KP3 diet showed the highest sum of FAAs compared to cultured fish fed the KP1, KP2,
and KP4. The differences in the FAA profile in the whole-body carcasses of giant gourami could be related to the fungus
type used in the formulated products for enriched feed. Each type of mushroom has a different function depending
on the fermented fish feed ingredients and is correlated with the whole-body carcass amino acids.'>”” The FAA profile
differences could be related to different aspects, such as diet composition,' dietary protein level,’> and methionine levels
in the diet,'® including the water quality of the ponds.®® This study does not analyse the relationship between growth
performance and FAA profile or pond water quality. Several authors have reported that the physiological parameters of
water quality and animal body composition are usually interrelated.”*°” The present study did not examine whether the
difference in FAAs in the whole-body carcass is correlated to pond water quality.

The lower weight gain of fish fed the KP1 diet compared to fish fed the KP2, KP3, and KP4 diets shows that a deficiency
of either fungus in the formulated product for the enriched diet could lower the protein content and related sum amino
acids, leading to the inhibition of giant gourami growth. In addition, it also affects feed intake and feed conversion ratios.
The low protein efficiency ratio and daily growth coefficient in fish provided the insufficient KP1 diet were perhaps due to
an amino acid imbalance. The amino acid content of the KP2, KP3, and KP4 diets increased, ranging from 16.88% to
17.91% after fermentation. The increase may be due in part to the increased protein content in the KP2, KP3, and KP4
diets, which was in line with the results of Jannatullah e al.”’ and Li et al.,"> who found that Aspergillus niger and
Aspergillus awamori fermentation increased the amino acid content of soybean meal by 2.56% and 15.56%, respectively.
In addition, Dawood et al.* stated that the essential amino acid profile was changed after fermentation by Saccharomyces
cerevisiae. This might result from the different fungi used having different utilization patterns for amino acids in this
study. It influences the growth performance and nutrient utilization of giant gourami juveniles. We found that the
methionine proportion was lower in the diets in the current study. In addition, methionine is an essential amino acid that
plays a unique role in protein structure and metabolism. B tis possible that Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae fermentation promoted the conversion of specific amino acids to methionine. However, the
exact mechanisms need to be studied further.

In the present study, the thermal growth coefficient (TGC) strongly correlated with the daily growth coefficient (DGC).
Because faster daily fish growth requires a quality diet and constant water temperature during the rearing period, in this
study, water temperature ranged from 27 to 30°C, and dissolved oxygen was between 5.8 and 6.2 mg/L. According to
Besson et al.,” higher daily energy availability in the diet can lead to faster-growing fish, which is supported by constant
water temperature and higher daily oxygen levels. The thermal growth coefficient had an essential change in environ-
mental value.”® Therefore, it was very important to keep the water temperature and dissolved oxygen constant in the
aquaculture locations. At the same time, 78 % of TGC values were determined by the condition factor connected to whole
body weight and the total fish length. TGC of Atlantic cod, Gadus morhua, is influenced by body size and condition
factors.”’

In this study, a higher value of TGC was detected in fish fed KP3; the effect is that the daily growth coefficient, and the
protein efficiency ratio is better. Conversely, decreasing TGC has two effects, i.e., a slow fish growth and lowered daily
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feed intake. Many scientists state that in aquaculture operations, net yield (kg/m®) depends upon TGC fluctuation, feed
intake, and daily oxygen consumption.®”%%?

In the present study, fee ichment with different formulated products did not affect HIS or VFSI except in the KP3 diet.
Whereas GSI is influe by differences in diet, it did not affect BSI. The condition factor of largemouth bass,
Micropterus salmoides (1.49-1.52%), fed enriched 1-2% EPA + DHA '7 was different from the value (0.68) reported by
Arriaga-Hernandez et al.”’ for white snook (Centropomus viridis) juveniles fed a 15% replacement of fish meal with
soybean meal. Moreover, Hassan et al.”' reported condition factor values ranging from 1.52 to 2.95 and an HSI between
1.4 and 1.5 for Lates calcarifer under different feeding rates (3-9% body weight d™'). Barbosa ef al.”” reported VSI and
LSI values of 2.24 and 3.86, respectively, for Centropomus parallelus fed a commercial diet. On the other hand, Syed
et al.** also reported HSI and VSI values of 3.41 and 4.90, respectively, for Oreochromis niloticus at different levels of
aloe vera extract as feed additives. In our study, the VSI of O. goramy ranged from 3.17 to 4.15, and the LSIs were
between 1.74 and 2.75, both higher than those recorded at different stocking densities of O. goramy.** The high content of
visceral fat observed in fish fed the KP3 diet might be explained by the diet having fat contents that exceed the needs of
giant gourami juveniles and by the reduced energy expenditure of fish that are confined to rearing frame nets. Therefore,
further analysis is necessary to determine the optimum dosage of the formulated product for the enrichment of feed to
improve the growth performance of O. goramy.

For fish, the gut plays a significant role in absorbing nutrients, which is closely related to feed utilization.'®’* Rossi
et al.”> demonstrated that the development of enterocytes affected the nutrient-absorbing efficiency of the gut of
Micropterus salmoides. Feeding Lates calcarifer juveniles with the same basal diet supplemented with 1% probiotic
yeast, Saccharomyces cerevisiae, and lactic acid bacteria, Lactobacillus casei, revealed a higher number of gut mucosal
goblet cells and increased microvillous length.”* In contrast, substituting as much as 12.5-25% soya protein concentrates
with lupin (Lupinus albus) meal in carp (Cyprinus carpio) diets does not significantly affect the villi length and villi width
of the gut.”” In the current study, enriched feed with products supplemented from coconut water, palm sap sugar, and
fungus significantly affected the micromorphology and gut size. The fold height, fold width, enterocyte height, and
microvilli of fish fed the KP3 diet were higher than those of fish fed the KP1, KP2, and KP4 diets. The KP3 diet is a
relevant formulated product to enrich commercial feed to promote the development of the gut in animal experiments,
which may somewhat describe the significant growth performance and feed efficiency used in this study.

Furthermore, the micromorphology gut size of giant gourami is smaller than that of juvenile hybrid grouper,'® turbot,
Scophthalmus maximus," largemouth bass, Micropterus salmoides,” and common carp, Cyprinus carpio.’” The trophic
food habits of fish may also affect the gut's hF, wF, hE, and hMV size because these habits are correlated with the
digestibility coefficient. Under natural conditions, giant gourami is an herbivorous fish, while grouper, largemouth bass,
and turbot are predatory fish, and common carp are omnivorous. Whether giving fish from different trophic levels the
same diet affects the size of gut hF, wF, hE, and hMV is poorly understood.

Conclusions

The present investigation observed that feed enriched with newly formulated products made from mature coconut water
and palm sap sugar, and fermented with various mushrooms, given to fish in a dose of 150 ml/kg substantially affected the
amino acid composition of the diet and whole-body carcass of giant gourami juveniles. It also affected the growth
coefficient, feed utilization, body indices, and gut micromorphology size. The thermal growth coefficient had a strong
relationship with the daily growth coefficient (+* = 91%) and a moderate relationship with the feed intake (+* = 69%). The
CP3 formulation was optimal for feed quality, and the KP3 diet was optimal for body carcass, growth coefficient, body
indices, and the ability of the intestines for feed absorption. Thus, our study also informs fish farmers about culturing good
quality giant gourami and fulfilling nutrition requirements for food security.

Data availability

Underlying data

Figshare: Underlying data for ‘Effect of feed enriched by products formulated from coconut water, palm sap sugar,
and mushroom on the chemical composition of feed and carcass, growth performance, body indices, and gut micromor-
phology of giant gourami, Osphronemus goramy (Lacepede, 1801), juveniles’. https://doi.org/10.6084/m9.figshare.
20407647.7°

This project contains the following underlying data:
- Table 1. Raw data of the experimental diets’ proximate composition

- Table 2. Raw data of amino acid of feed experimental
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- Table 3. Raw data of whole body carcass proximate composition

- Table 4. Raw data of amino acid of whole-body carcass

- Table 5. Daily growth coefficient, feed utilization and body indices of giant gourami after 90 days of feeding.

- Table 6. Raw data gut micromorphology of giant gourami juveniles fed different diets for 90 days

Data are available under the terms of the Creative Commons Attribution 4.0 International License (CC-BY 4.0).
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Background: Giant gourami, Osphronemus goramy (Lacepéde, 1801) is

the most important freshwater fish species produced by aquaculture

in Indonesia. This study seeks to determine the effects of various

newly formulated products on the amino acid composition of the diet

and whole-body carcass, and to analyse the growth coefficient, body

indices, and gut micromorphology.

Methods: 100 g of palm sap sugar was cooked in 1.1 litre of fresHone Hundred (100) g of palm sap sugar

water for fifteen minutes, to create 1 litre of 11% palm sap sugar
solution (after some of it had been boiled off). 2 litres of coconut water|Two litre of coconut water |

One litre of this xxx was added to 2 g of Aspergilus niger, xxxRhizopus oligus and 2 g Saccro-
scientific names all initalic

were then mixed with the litre of palm sugar solution. 1 litre of this

product was added in turn to 2 g of Aspergillus niger (CP2), 2 g of
Rhizopus oligosporus (CP3), and 2 g of Saccharomyces cerevisiae
(CP4), while freshwater was used as a control (labeled CP1). Aquafeed

was added to CP1, CP2, CP3, and CP4, to make diets labeled KP1, KP2,

KP3, and KP4. The dosage was 150 ml/kg of feed. Juvenile giant [The dosage was 150 ml per kilogramme of feed.
gourami (initial weight 50+0.25 g and length 13.2+0.07 cm) were

reared in triplicate net frames (2x1x1 m; water volume 1.5 m3)ina

freshwater concrete pond with a stocking density of 30 juveniles/net.

Results: The results sgppqrted our hypothesis that different proQgct Sox product formulations signifcantly affect (p<0.05) on aquafeed
formulations have a significant effect (P < 0.05) on aquafeed nutrition  |nutrition
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and the whole-body carcass, growth coefficient, feed utilization, body
indices, and gut micromorphology of gjant go rami juveniles. The

.. goram: . .
thermal growth coefficient strongly correfated with the daily growth
coefficient (r2 = 91%). The KP3 diet contains a higher concentration of
amino acids, which increased the growth coefficient, feed utilization,
and carcass quality more than the other diets we tested.

Conclusions: Diet KP3 contains h|g her total amino acids in diets and|o. goramy grow more quickly on diet KP3, which has higher total amino acid levels in meals

carcasses and leads to better growth for giant gourami. and carcasses.

Keywords
Giant gourami, amino acid profile, growth performance, palm sap
sugar, coconut water, gut micromorphology
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Introduction

In this decade, the production of capture fisheries has decreased; meanwhile, the demand for fish products for human
consumption is increasing. Therefore, according to the Food and Agriculture Organisation, 60% of fisheries production in
the future will come from aquaculture activities and this figure will continue to rise.’ The utilization of a variety of fish for
aquaculture has now increased the need for commercial feed.”™ At the same time, for aquaculture operations, the cost of
aquafeed is still a significant challenge.”™® On the other hand, commercial feed produced by factories still does not
contain complete nutrition for fish growth, while being acknowledged for its positive effects on food safety.”™"" In this
context, enriching fish feed with cost-effective natural ingredient resources is key to increasing feed nutrient quality and
feed efficiency in commercial fish farming and ensuring the sustainability of aquaculture operations.”'*"?

The target is fish feed that is wealthy in many important nutrients, including protein, fat, vitamins, and minerals that
cultured fish can utilize to increase their growth rate and survival and that is beneficial for human health.”'*~'° Therefore,
novel approaches have been developed by scientists to improve the nutrition of fish feeds, such as feed supplemented with
ERA—and-BHA,'” iodine and selenium,'® methionine,'® fish oil,'""'” and soybean oil.”” In addition, supplementing
EPA? . . Y . .. L, )

piQRtotics ifto the diet™ and supplemental glycine, prebiotics, and nucleotides in a soybean meal-based diet have been
studied.

The progress of aquaculture biotechnology has stimulated the interest of scientists in improving aquatic animal
production, for example, to increase giant gourami production. One of the experimental techniques is to increase feed
nutrition used for this purpose, such as, the use of fish meal and Azolla flour as a feed ingredient for giant gourami,” and
the utilization of new products formulated from water coconut, palm sap sugar, and fungus for the enrichment of
commercial feed.” Additional research has involved a diet supplemented using glutamine,”* feed supplemented with a
growth hormone,” and substitute fish meal incorporating chicken feather.”® Whether using coconut water and palm sap
sugar fermented with mushrooms affects the amino acid composition of the diet, body carcass, growth coefficient, and
body indices is still not understood.

Coconut water has extraordinary nutritional value and contains supplements for health like minerals, amino acids, fatty
acids, vitamins, enzymes, organic acids, and several phenolic compositions.”’ " Palm sap sugar also has health benefits
due to its essential nutrient content, such as a low glycaemic index, and it contains antioxidants, vitamins, and
minerals.”'~* Meanwhile, mushrooms have been widely used in fermentation due to their ability to degrade antigenic
proteins in fish feed ingredients.”*>*° Additionally, coconut water is a functional food that can protect the lens from
diabetic cataract development in rats.”” Coconut water is also a treatment for burning pain during urination, dysuria,
gastritis, increasing semen, and indigestion.*®

On the other hand, Azrita e al.” have reported using new formulations of products containing coconut water and palm sap
sugar that are fermented with various mushrooms involving a dosage of 300 ml/kg feed. Their newly formulated products
can increase fatty acid levels in the diet and whole body carcasses. Besides that, they also improve giant gourami's growth
performance and feed efficiency.

However, the effect of these new formulation products at a dosage of 150 ml/kg feed on the diet amino acid composition,
and body meat's amino acid composition has not yet been analyzed. In line with that, the relationships between thermal
growth coefficient and condition factor, daily growth coefficient, and feed utilization coefficient, including body indices
parameters, as well as the gut micromorphology of giant gourami, have not yet been analyzed.

We hypothesized that commercial aquafeed combined with different newly formulated products at the dosage of
150 ml/kg feed could improve the amino acids compositions of the aquafeed and whole body carcass, body indices,
and gut micromorphology. Hence, this investigation's first purpose was to analyze the effect of various newly formulated
products on the diet's proximate compositions, amino acid composition, and whole-body carcass. The second aim was to
analyze the impact of newly formulated products on the growth coefficient and relation to thermal growth coefficient,

body indices, and gut micromorphology in gianfgourami juveniles.
O. goramy

Methods

Ethical approval

The Research and Community Service Ethics Committee at Universitas Bung Hatta, West Sumatera, Indonesia approved
this research (89/LPPM/Hatta/III-2022) which followed the ARRIVE guidelines. The Ministry of Education, Culture,
Research and Technology of the Republic of Indonesia funded the research under grant No. 0764 00 PT/2022
on March 16, 2022. Approval was given by the ethics committee to collect and rear juvenile sago in the
aquaculture laboratory, Faculty of Fisheries and Marine Science at Universitas Bung Hatta. All efforts were made to
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relieve the suffering of experimental animals. Therefore, the animal did not suffer for this study, and they were still in
good condition when returned to the pond after research was completed. Where some fish were euthanized, this was
carried out by piercing part of the fish’s brain. Gurami sago fish are not classified as a protected animal according to
Indonesian legislation.

Pre pa ration of formulated product We prepared 100 g of palm sap sugar according to traditional methods and coc_)ked itin 1.1 litres of fresh water for fifteen minutes
We prepared 100 g ofpalm sap sugar byt 160 _ twe opl 01 one Ilt e of palm sap sugar salytion be FaUSe some of wa boiled OUt‘Tutw
at 60° C, and only got 1 litre of palm sap sugar solution due to some of it being b01led off. Then, this was cooled in an open
space for twenty minutes. Furthermore, we also prepared 2.0 litres of mature coconut water (Cocos nucifera L.) and
mixed it with the 1.0 litre of palm sap sugar solution. The product was stored for ten minutes in a cool air-conditioned
room. A total of 3.0 litres of the formulated product was divided into three parts of 1.0 litre each. We added 2 g of
Aspergillus niger (1abeled as CP2 product) to the first part of the formulated product solution, 2 g of Rhizopus oligosporus
(labeled as CP3 product) to the second part, and 2 g of Saccharomyces cerevisiae (labeled as CP4 product) to the third
portion. The CP2, CP3, and CP4 products were fermented for 48 hrs in a jerry can (2.0 litres) using an Aerasi PUIIMAC,
MAC-40 K 40 L/min. The products of CP2, CP3, and CP4 were used to enrich the nutrition of commercial aquafeed
(781-2, PT. Japfa Comfeed Indonesia, Tbk) and labeled as the KP2, KP3, and KP4 diets. The aquafeed was supplemented
with freshwater (labeled as the KP1 diet; placebo).

Preparation of experimental diets

Giant gourami juveniles were adapted for one month to standard feed, namely floating commercial aquafeed 781-2 (pellet

Instead of giant gourami size 2 mm), which contained 10.66% water content, 30.10% crude protein, 4.09% crude fat, 45.35% total carbohydrates,
2.5% ash, and 9.18% crude fibre. The minerals in the commercial feed were 280.08 mg/100 g Na, 1415.02 mg/100 g Ca,
1358.07 mg/100 g K, 1200.31 mg/100 g P, 292.03 mg/100 g Mg, 18.14 mg/100 g Fe, and 13.83 mg/100 g Zn. The
aquafeed was added to freshwater to create the KP1 diet as observed, and the formulated CP2, CP3, and CP4 products
were added to the aquafeed at a dosage of 150 ml/kg of feed to create the enriched fish diets. The formulated product
added to the aquafeed was mixed manually with it for three minutes to obtain maximum homogenization and then the
blend was dried in the open air for thirty minutes. Thereafter, it was given to the trial animal.

Experimental procedures and sampling

In the present study, we measured fish weight using AD-600i scales with 0.001 g accuracy (ACIS model number
AD-600i, China). At the same time, a meter ruler with 1 mm accuracy was used to estimate the body length. A total of
360 sago str: mE]WﬂﬁW@ngﬂaﬁﬁ‘ngM1 werg counted; the initial mean weight was 50 = 0.25 g, and the initial length

was 13.210. / cnrForrearmgjuvenites; twelve nets framed with 2 I'Il3 2x1x1m)PVC plpe (water volume of 1.5 mg)
were placed inside two freshwater concrete ponds with a size of 18 m® (6 x 2 x 1.5 m). This experiment consisted of four| #ﬁ[isjr;ir;t:"\éwftgsvrvzzprgcates.
treatments and three replications, and each frame net was stocked with 30 juveniles. The giant gourami were fed the KP1 folaced in each frame net.

KP2, KP3, and KP4 diets three times a day (08:00, 12:00, and 17:00 hrs) during the 90-day feeding gﬁﬁiﬁﬂ@éﬂﬂ@gsﬁsﬁiﬁf glant
gourami were fed at a 3% body weight rate per day based on the percentage of stored biomass. Fish samples were

collected every 30 days for body weight and length measurements. Ten fish per net frame were collected and anesthetized

orally using clove oil. Then, their lengths and weights were measured. Prior to sampling, the fish fasted for 24 hrs to empty

their intestinal contents.

To measure the length and body weight of the fish, samples were taken every 30 days. Clove oil was
used to administer oral anaesthesia to ten fish per net frame. They were then measured for length and
weight. To clear their intestinal contents, the fish fasted for 24 hours before sampling.

Proximate and amino acid composition
The diet samples and proximate carcass composition were analyzed using standard AOAC methods.” The matter was
dried to a constant weight at 105°C. We used the standard Kjeldahl method to analyse crude protein (N x 6.25). We used
the Soxhlet method with ether extraction to analyse crude lipids; the ash was incinerated at 550°C for 16 hrs, whereas
gross energy was measured in a bomb calorimeter. The amino acid composition was determined by using a high-
performance liquid chromatography (HPLC) system consisting of a water 1525 binary HPLC pump, 717 autosamplers
(water®), and water 2475 multi A fluorescence detector optics (wavelengths: 250 nm for excitation and 395 nm for
emission). It was hydrolysed in triplicate with 6 N hydrochloric acid for 24 hrs at 11°C.*"

Nutrient utilization and body indices
The growth coefficients in the fish experiments were measured by using the thermal growth coefficient (TGC), daily
growth coefficient (DGC), total feed intake (FI), and protein efficiency ratio (PER) of giant gourami, assessed using the

following formulae: use scientific names instead of giant
gourami

TGC = [(final weight (g))!/s—(initial weight (g))'/]/[(mean water temperature (°C)) x duration of rearing period (day)]
x 1000
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DGC = (Wf's~Wi'/3) /duration of rearing period (day) x 100
Flas feed (Flas feed in g/fish/day) = Total feed fed/(n x t)

PER = wet weight gain/total protein intake

Three fish from each net frame were sacrificed and dissected immediately to determine the Condition factor (CF),
Viscerosomatic index (GSI%), Hepatosomatic index (HSI%), Visceral fat-somatic indexes (VFSI%), and Bilesomatic
index (BSI) as given below:

CF =100 x [weight of the juvenile (g) /Length of juvenile (cm?)]
GSI=100 x [viscera weight (g) /whole body weight (g)]
HSI= 100 x [liver weight (g) /whole body weight (g)]
VFSI =100 x [visceral fat weight (g) /whole body weight (g)]
BSI =100 x [Bile weight (g) /weight of liver (g)]

Histological examination of the gut

For histological analyses. each gut specimen of the animal was cut into the foregut, midgut, and hindgut. Moreover, the

cells were cleaned @j@ﬁlﬂé‘@ﬂlﬂﬁﬂﬁ‘ﬁﬁ&iﬁﬁd in[Bouin's fixative solution for 24 hrs. After sequential dehydration steps in
pp— lcohol, the gut samples were embedded in paraffin. The implanted tissue blocks were sectioned at 5 pm, and sections
ere consistently stained with Haematoxylin-eosin and observed under a light microscope (Olympus IX71) equipped

with Image-Pro Plus 7.0 software. The digitalized analysis measures the micrometer length of various enteric structures of

gutimages. We determined the average fold height (hF), fold width (wF), and enterocyte height (hM V) of the gut per slice

(5 fields per individual sample) according to procedures described by Li ez al.'® The specific measurement method of gut

samples is shown in Flgurc L. Figure 1 illustrates the specific technique for measuring intestinal samples following ie Ahmad et al.,
2020

Pond water quality
The water quality values of the freshwater concrete ponds that were used to rear the j}gmfg&ura i juveniles were recorded
weekly. The water samples were collected at 10:00 am at a depth of 20 cm from eachcomncrete pond to determine the water
temperature, dissolved oxygen, and pH value. In addition, we also measured the total alkalinity, hardness, and nitrates of
the water in the pond experiments. A thermometer (Celsius scale) was used to measure water temperature. To measure
water dissolved oxygen (O,; mg L), we used an oxygen meter (YSI Model 52, Yellow Instrument Co, Yellow Spring,

these images from your
result?

Figure 1. Transversal section photomicrographs of mi juvenile foregut. (A) Fold height and fold
width were analyzed in a lower magnification of objectivetens o roscope (magnification x 100), (B) Enterocytes
height and microvilli height were analyzed using a higher magnification of an objective lens microscope (magnifi-
cation x 200). hF = fold height, wF = fold width, hE = enterocyte height, hMV = microvillus height (hematoxylin and
eosin).
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OH USA). A digital pH meter (Mini 0-14 pH IQ, Scientific Cemo Science, Thailand) was used to determine the pH
values of water in the experiments. The level of nitrate-nitrogen (NO5-N; mg L"), alkalinity (mg L™), and hardness

(mg L") were measured according to standard procedures.”’

Calculations and statistical method

The data from this study were reported in the form of the mean + standard deviation for each treatment. Data were
analysed using the SPSS 16.0 software package (SPSS; Chicago, IL). Normality was tested using the Kolmogorov—
Smirnov statistic. Homogeneity was checked using absolute residuals according to Levine's test. One-way ANOV A was
used to determine the treatment effect, followed by a post-hoc Duncan's multiple range test.*” To create the figures,

Microsoft Office Professional Plus 2019 was used.

Results
Proximate and amino acid profiles of the diets

Commercial feed supplemented with different formulated products with the dosage of 150 ml/kg of feed significantly
affects the proximate composition of diets. One-way ANOVA results showed a marginal interaction among treatments
in the case of protein content (F3 gy = 1.522, P = 0.282), fat (F3 5y = 5.663, P = 0.022), carbohydrates (F3 g, = 1.862,

P =0.214), crude fibre (F3 g, = 1.445, P = 0.300), and ash (F3 g, = 0.272, P = 0.844), and the total energy content
(F3.8y=1.112, P=0.400) differed considerably (P < 0.05) among the four diets (Table 1). Duncan's Post-hoc test revealed |Anova

why P in italic? its from

that the protein content (21.6967 £ 0.17%) was significantly higher (P <0.05) in the KP3 diet than in thg

MOtRR PR AAEIRE?

state

eresigmificantly

while the carbohydrate (31.19 4= 0.38%), crude fibre (2.82 £ 0.06%), and ash (6.57 4= 0.04%) contents
higher (P < 0.05) in the KP3 diet than in th Vgit‘fe{éi“@iét%l?CO versely, the total energy content was 240.88 + 0.74

(kg calories/100 g), which was significantly h o
(Table 1).

; in the KP3 diets than in the KP1, KP2, and KP4 diets

The levels of free amino acids in the diets supplemented with different formulated products with a dosage of 150 ml/kg of
feed are presented in Table 1. All types of amino acids in the diets of KP1, KP2, KP3, and KP4 were significantly different

(# <0.05), except for tryptophan, and there was no significant difference (P > 0.05) between KP2, KP3,

and KP4. Among

He essential amino acids, leucine and arginine were found in the highest amounts in the KP1, KP2, KP3, and KP4 diets.

There was no significant difference (P > 0.05) in the alanine content between KP2 and KP3 diets and the cystine level in
KP1 and KP3 diets. Of the nonessential amino acids, glutamic and aspartic acid represented a significant portion of all

four diets.
groups.

Glutamic and aspartic acid, two of the non-essential amino acids, made up a sizable share of the diets in all four

The present study found significant differences in the overall free essential and nonessential amino acid

pools in the KP1,

KP2, KP3, and KP4 diets (Table 1). One-way ANOVA results exhibited a marginally significant interaction between
experimental diets in terms of essential amino acids (F(3 g,=11.371, P =0.003), nonessential amino acids (F( g, = 0.407,
P =0.752), and overall amino acid pools (essential plus nonessential) (Fz g)=7.355, P =0.011). Duncan's Post-hoc test
revealed that the free essential amino acids (9.03 £+ 0.003%), nonessential amino acids (8.88 4 0.004%), and overall
amino acid pools (17.91%) were significantly higher (P < 0.05) in feed supplemented with CP3 products, followed by

CP2, CP4, and CP1 products (Table 1).

Table 1. The experimental diets' proximate and amino acid composition (% dry matter). Mean + SD*.

KP4

KP1 KP2 KP3

%, dry weight basis
Proximate composition
Dry matter 38.42 +0.25% 38.27 £ 0.01° 37.59 £ 0.16°
Crude protein 19.68 + 0.412 20.27 £0.13° 21.70 +£0.18°
Crude lipid 3.41 £ 0.02° 3.67 £0.13° 3.50 &+ 0.02%¢
Carbohydrate 26.37 £ 0.17° 29.50 + 0.54° 31.19 £ 0.38°¢
Crude fibre 2.23 4+ 0.05° 2.36 +0.01° 2.82 4+ 0.06°
Ash 2.75 4+ 0.03? 6.66 + 0.05° 6.57 & 0.04¢
Energy total (kg calorie/100 g) 240.87 + 0.38° 234.41 + 0.30° 240.88 + 0.74°¢

38.41+0.10°
20.44 + 0.10¢
3.48 + 0.04%¢
30.57 + 0.06¢
2.45 + 0.06°
6.67 -+ 0.06¢
237.11 + 0.43¢
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Table 1. Continued

KP1 KP2 KP3 KP4
%, dry weight basis
Amino acid composition
EAA
Leucine 1.36 + 0.01° 1.42 +£0.01° 1.46 +0.01¢ 1.36 +£0.01¢
Isoleucine 0.76 + 0.01° 0.79 + 0.01° 0.81 +£0.01° 0.76 + 0.01¢
Lysine 0.95 + 0.01° 1.10 + 0.01° 0.98 + 0.01° 1.20 + 0.01¢
Valine 0.86 + 0.012 0.94 + 0.01° 0.96 + 0.01° 0.89 + 0.01¢
Threonine 0.79 + 0.022 0.92 +0.01° 1.04 +0.01¢ 0.83 +0.01¢
Arginine 1.02 +0.01° 1.19 +0.01° 1.30 £ 0.01°¢ 1.03 + 0.01¢
Phenylalanine 0.67 + 0.01° 0.93 +0.01° 1.05 4+ 0.01°¢ 0.77 £ 0.01¢
Tyrosine 0.43 £ 0.01° 0.53 + 0.00° 0.57 + 0.06° 0.45 + 0.01¢
Methionine 0.18 £ 0.01° 0.26 + 0.01° 0.30 £ 0.01¢ 0.21 +0.01¢
Histidine 0.40 + 0.01° 0.50 + 0.01° 0.57 + 0.01° 0.43 +0.01¢
Tryptophan 0.06 + 0.012 0.11 £ 0.01° 0.07 + 0.00°° 0.09 + 0.01°¢
NEAA
Alanine 0.85 + 0.01° 0.94 + 0.01° 0.87 + 0.06° 0.97 + 0.01°¢
Serine 1.01 +£0.01° 112 +0.01° 1.2340.01¢ 1.01 +0.01¢
Glycine 1.15 + 0.01° 1.32 +£0.01° 1.29 +0.01¢ 1.19 + 0.01¢
Proline 1.01 +£0.01° 1.05 + 0.01° 1.03 +0.01¢ 1.03 + 0.02¢
Aspartic acid 1.25 4+ 0.01° 1.50 + 0.01° 1.40 +0.01°¢ 1.56 + 0.01¢
Glutamic 2.15 +0.03? 2.88 +0.03° 2.59 + 0.01° 3.01 + 0.03¢
Cystine 0.09 + 0.012 0.07 + 0.01° 0.04 + 0.01° 0.09 + 0.012¢
SEAA 7.56 + 0.003° 8.70 + 0.003° 9.03 + 0.003¢ 8.04 + 0.003¢
SNEAA 7.51 + 0.008° 8.88 + 0.007° 8.88 + 0.004¢ 8.84 + 0.008¢
SAA 15.07 =+ 0.004° 17.58 + 0.002P 17.91 + 0.00° 16.88 =+ 0.003¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).

*Values represent the means of triplicate samples.

Proximate and amino acid profile of the whole body of giant Losplyanegyes goramy |

Commercial feed combined with a new formulation product significantly affected the proximate carcass composition of
enile giant gourami. One-way ANOVA results showed a marginal interaction among group treatments in the case of

protein contents (F3 gy = 1.522, P = 0.282), fat (F(3 3y = 5.663, P = 0.022), carbohydrates (F3 )= 1.862, P = 0.214), and

crude fibre (F3 gy = 1.445, P = 0.300). Duncan's Post-hoc test revealed that the protein content (28.85 %+ 0.45%), fat pr——

(2.67 +0.04%), carbohydrates (1.97 = 0.09%), and crude fibre (0.83 £ 0.02%) were significantly higher (P <0.05) in the

KP3 diet than in the other treatments. Meanwhile, the carcass protein content of fish fed KP1, KP2, and KP4 was not

significantly different (P > 0.05) between treatments. For the energy total, KP3 was significantly higher (P < 0.05) than

the other treatments (Table 2). However, the moisture content of the carcass did not show any significant variation among
the KP1, KP2, KP3, and KP4 diets.

The mean quantities of total amino acids in the carcasses of O. goramy fed different diets are given in Table 2. Lysine and
leucine represented a significant portion of the essential amino acids of the whole body carcass, and methionine was
present in small quantities in all of the whole-body meat. Of the nonessential amino acids, glutamic acid, aspartic acid, and
alanine were the highest, and cystine was the lowest for all whole-body carcasses of gieﬁg; Qur ami fed different diets. The
levels of glutamic acid were significantly higher in carcasses of fish fed the KP3 diet thamimthiose provided the KP1, KP2,
and KP4 diets.

When the overall quantities of total essential and nonessential amino acids were compared, the whole-body carcass amino
acid content was significantly lower (P < 0.05) in fish fed the KP1 diet than in those fed the KP2, KP3, and KP4 diets
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| ——
Table 2. Whole-body proximate and amino acid compositié’f{?ﬁmr ngeﬁnéjrsit goul'ami after a 90-day feeding trial.

Mean + SD*.

KP1 KP2 KP3 KP4

%, dry wet basis
Proximate composition
Dry matter 64.59 + 0.16° 64.51 + 0.34° 64.14 + 0.33? 64.24 +0.12°
Crude protein 28.64 + 0.28° 28.07 + 0.79%° 28.85 + 0.45¢ 28.66 + 0.44%¢
Crude fat 2.79 4+ 0.03° 2.88 + 0.02° 2.67 +0.04° 3.00 + 0.02¢
Carbohydrate 1.38 +£0.01° 1.99 + 0.06° 1.97 +0.09¢ 1.31 + 0.02¢
Crude fibre 0.97 + 0.02° 0.68 + 0.01° 0.83 +0.02¢ 0.95 + 0.04¢
Ash 1.63 + 0.02° 1.70 + 0.02° 1.54 + 0.01° 2.11 £ 0.04¢

Energy total (kg calorie/100 g)

Amino acid composition

144.77 + 1.58%

155.48 + 1.26°

157.90 £ 0.91¢

149.60 =+ 0.29¢

EAA
Leucine 2.134+0.01° 237 £0.01° 242 +0.01° 2.26 +0.01¢
Isoleucine 1.13 +0.01° 1.25+0.01° 1.38 £ 0.01° 1.194 0.01¢
Lysine 2.77 £ 0.01° 3.16 +0.02° 3.88 £0.01° 2.86 +0.01¢
Valine 1.26 +0.012 1.40 £+ 0.01° 1.32 +£0.01° 1.35 4+ 0.01¢
Threonine 1.38 + 0.02° 1.49 +0.01° 1.43 +0.01¢ 1.48 +0.01¢
Arginine 1.58 +0.012 1.71 £0.01° 1.63 +0.01¢ 1.70 + 0.01¢
Phenylalanine 1.02 +0.01° 1.11 +£0.01° 1.08 + 0.01°¢ 1.11 +0.01¢
Tyrosine 0.80 + 0.01° 0.84 + 0.00° 0.83 +0.01¢ 0.85 + 0.06
Methionine 0.15 + 0.01° 0.21 +0.01° 0.18 £ 0.01¢ 0.16 + 0.01¢
Histidine 0.55 + 0.01° 0.56 + 0.01%° 0.59 + 0.01¢ 0.57 + 0.01¢
Tryptophan 0.08 + 0.012 1.02 +0.01° 1.08 +0.01°¢ 0.06 + 0.00¢
NEAA

Alanine 1.86 +0.012 2.08 +0.01° 2.92+0.01¢ 1.97 +0.01¢
Serine 1.28 + 0.01° 1.31 £0.01° 1.26 +0.01°¢ 1.31 +0.01¢
Glycine 1.58 + 0.01° 1.68 + 0.01° 1.61 +0.01¢ 1.77 £ 0.01¢
Proline 1.06 + 0.01° 1.16 + 0.01° 1.08 +0.01°¢ 1.16 + 0.01¢
Aspartic acid 2.71 £ 0.01° 3.08 +0.01° 3.79+ 0.01¢ 2.77 £ 0.01¢
Glutamic 4.36 + 0.032 4.92 +0.01° 4,97+ 0.01° 4.66 + 0.01¢
Cystine 0.06 + 0.012 0.09 + 0.01° 0.06 + 0.01° 0.05 + 0.01¢
SEAA 12.68 + 0.003? 15.13 + 0.005P 15.824 0.001¢ 13.61 + 0.008¢
YNEAA 12.91 + 0.007° 14.32 +£0.01° 15.69 + 0.002° 13.50 + 0.001¢
SAA 25.59 + 0.003° 29.45 4 0.04° 31.51 4+ 0.001¢ 27.11 + 0.004¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).
*Values represent the means of triplicate samples.

(Table 2). The number of amino acids (essential plus nonessential) in the carcasses of fish fed the KP3 diet was
significantly higher than that in fish fed the KP1, KP2, and KP4 diets.

Growth coefficient and survival

The growth coefficient and feed utilization of the giant veniles displayed significant differences among the
diets. One-way ANOVA results exhibited a marginally significant difference between experimental diets in the case of
the thermal unit growth coefficient (F(3 gy = 153.99, P = 0.458), and daily growth coefficient (F(; gy = 59.88, P = 0.288),
while total feed intake (% BW day-1) (F(3 3y = 14.938, P =0.56), and protein efficiency ratio (F(3 gy = 15.78, P =0.29) also
showed significant differences (P < 0.05) among the treatment diets (Figure 2).
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Figure 2. Growth coefficient and feed utilization of the giantrgourami juveniles reared under different diets

during 90 days of the experiment period. (A) Thermal growth coefficient (TGC), (B) daily growth coefficient (DGC),
(C) feed intake D) proteln efficiency ratio (PER). The mean value and standard deviation (mean + SD) are
presented forg mi (n = 3). Different superscripts in the bar diagram of the gj&8nt qourami juvenile TGC, DGC,

FI, and PER indicate significant differences among other diets (P < 0.05, One-way A S Bdncan Post- Hoc).

Furthermore, the thermal growth coefficient (TGC) has often been used to predict growth performance and production
performance of aquaculture using water temperature at the fish-rearing location. This study presents the relationship
between thermal growth coefficient and condition factor, daily growth coefficient, and protein efficiency ratio (Figure 3).
The thermal growth coefficient had strong relationships with the condition factor (+* = 0.777, Figure 3A), daily growth
coefficient (+* = 0.920, Figure 3B), and protein efficiency ratio (* = 0.749, Figure 3D), while the thermal growth
coefficient had a moderate relationship with the feed intake (r2 =0.698, Figure 3C).

Condition factor and body indices of giant gourami after 90 days of feeding

The condition factor was significantly different between diets (F(3 gy = 19.98, P = 0.566) in the present study; while the
GSIL, HIS, and VFSI displayed marginally significant differences between diets. The HIS was significantly (F(; 5)=5.389,
P =0.500) higher in the KP3 diet, but KP1, KP2, and KP4 diets had no significant differences among them (Table 3). The
GSI value of giant gourami was significantly (F5 ) = 10.492, P = 0.243) different between diets, and the GSI of giant
gourami fed KP3 rations was higher than if fed KP1, KP2, or KP4 diets. The VFSI was not considerably different among
the KP1, KP2, and KP4 diets. The Duncan's post-hoc test revealed that the HIS (1.30 = 0.13%), GSI (4.15 £ 0.36%), and
VESI (2.75 £ 0.34%) were significantly higher (P < 0.05) in the KP3 diet than in the other diets. Meanwhile, BSI showed
no significant difference (P > 0.05) among the treatment diets (Table 3).

Gut micromorph gﬁj@ys your result for mlcromorphology’) pic/images? should explain the finding here part from the graph as per figure

The gut morphometric Measurements of gia nggra Tjuvenitesare presented i 1abic 2. FisSh gut micromorpiology was
significantly affected by different feeds. One-way ANOVA results showed a significant effect of feed differences
between groups in terms of foregut fold height (F5 5y =816.70, P =0.135), foregut fold width (F3 5,=129.34, P=0.974),
height of the foregut (F(; 5y = 169,80, P = 0.882), and microvillus height of the foregut (F(; 5y = 56,01, P = 0.285). The
Duncan's post-hoc test demonstrated that the foregut fold height (434.13 £ 1.76 pm), fold width (53.23 % 0.88 um),
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Figure 3. Relationships between thermal growth coefficient and condition factor (A), daily growth coefficient
(B), feed intake (C) and protein efficiency ratio (D) for giant gourami (0. gourami) over 90 days.

Osphronemus goramy

Table 3. Mean (+ SD) value condition factor and body indices of g‘éﬁfﬁﬁ Fami du]’ing the 90-day experimental
period.

Growth coefficients KP1 KP2 KP3 KP4
Condition factor (CF) 2.45 + 0.09° 2.90 + 0.07° 2.92 +0.13° 2.61+0.04°
Viscerosomatic index (GSI%) 3.20 £ 0.21° 3.77 4.15 £ 0.36°¢ 3.17 +0.02¢
Hepatosomatic (HIS%) 0.97 + 0.05° 1.06 + 0.19%° 1.30 £ 0.13¢ 1.04 +0.1234
Visceral fat-somatic indexes (VFSI%) 2.154+0.13° 2.29 £ 0.22%° 2.75 4+ 0.34¢ 1.74 £ 0.21%@
Bilesomatic (BSI%) 10.11 +£0.76 10.58 £+ 1.01 10.48 +1.28 10.29 £ 0.77

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).

p in jtalic? p anovat

enterocyte height (27.42 £ 0.42 um), and microvillus height (2.79 4 0.45 |psr) were significanitly higher (P <0.05) in fish
fed the KP3 diet than those fed the other diets. For the midgut, one-way ANOV A results showed a significant interaction
among treatments in the case of fold height (F(3 ) = 5602.628, P = 0.055), fold width (F3 g, = 129.341, P = 0.974),
enterocyte height (F3 g)=169.809, P =0.882), and microvillus height (F(3 gy = 56.016, P = 0.285). The Duncan's post-hoc

test showed that the fold height of the midgut (324.96 £+ 1.43 pum), fold width (61.50 £ 1.02 pm), and enterocytes
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Table 5. The average values and range of water quality parameters in the concrete pond during the 90-days of

experiment. should be under pond water quality sub
title

Water quality parameters n Mean + SD Range WHO/FAO limits  References
Water temperatures (°C) 45  28.01+1.06 27-30 25-33 Prokoso et al.**
Dissolved oxygen (mg/L) 14  6.01+0.14 5.80-6.20  3-5 Syandri et al.**
Total alkalinity (mg/L as CaCOs) 14  58.09+3.33  52.5-62.5 120 Boyd et al.**
Hardness (mg/L as CaCO53) 14 6634+132 65-68.5 168 Boyd et al.*

pH 14  748+019  7.2-7.8 6.5-9.0 Boyd et al.*
Nitrates (mg/L) 14 0.04 + 0.01 0.03-0.05 0.2-219 Boyd and Tucker*®

(32.82 £ 0.54 um) were significantly higher (P < 0.05) in fish fed the KP3 diet, whereas microvillus height was
significantly higher in fish fed the KP2 diet (Table 4). Fish fed the KP3 diet showed a higher fold height of the hindgut
(F3,8)=15459.01, P = 0.066), fold width (F3 g, =271.94, P =0.865), enterocyte height (F(3 gy = 299.180, P = 0.821), and
microvillus height (F3 gy = 253.57, P = 0.316).

Pond water quallty N . .

The pond water quality values of the gramtgourami juvenile rearing freshwater concrete pond were recorded; water
temperatures, dissolved oxygen (DO), total alkalinity, hardness, pH, and nitrates were in the range of typical values as
given by WHO/FAO, as shown in Table 5.

Discussion

The chemical analysis of fish feed is essential because it provides valuable information to aquafeed nutritionists
concerned with readily available sources of proximate and amino acid compositions, including minerals and vitamins.
This study investigated the nutritional quality of fish feed enriched with three different formulation products and one as a
placebo. Dietary protein levels for ﬁ@lami ranged from 19.68 to 21.709 a]l, the crude protein content in the
feed of this study was within the ranges observed by other authors.*’~’ The gi2nt%8lhmi belongs to the trophic level of
herbivorous fish.”’ Generally, herbivorous fish require a lower dietary protein level than carnivorous fish.”'*’ Reducing
the protein content of aquafeed is one method to increase continuous fish farming, by diminishing feed costs and reducing
the impact on the aquatic environment.”> The fat content of the feed ranged from 3.41 to 3.67%, which is similar to the
feed fat content for juvenile grass carp, Crenopharyngodon idella,” and lower than the feed fat content for the
herbivorous fish Ancistrus cirrhosis™ and for rearing rohu, Labeo rohita.”* At the same time, the carbohydrate content
of all feed treatments ranged from 26.37 to 31.19%, and the energy total (kg calorie/100 g) en 234.41 and
240.87. Although protein content as an energy source for the maintenance and growth of giant relatively low,
energy can be acquired from either protein or nonprotein sources, i.e., fat and carbohydrates.

In the present study, the commercial fish feed was enriched with natural sources, i.e., formulated products of mature
coconut water and palm sap sugar fermented with various fungi (Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae). In th gggd_@éy‘lt%faﬁﬁkg}véfews{fﬁaﬂﬁ@&%s 370 ml/kg of feed. This method is a new approach
that has been developed by Azritaetat—tommprovefeedmutritiomartd whole-body carcasses, covering fatty acids, the
atherogenic index and thrombogenic, feed efficiency, and growth performance of gmm. Here, we continued the
investigation by reducing the feed dose to 150 ml/kg. This study's results found that supplementing feed with newly
fo roducts can increase feed nutrition, covering amino acids in diet and body meat, and the growth coefficient
of%ami. Several authors have reported increasing feed nutrition and maximizing the digestive enzyme activity
of aquacultured fish by providing feed supplemented with E %Agirﬁf‘ﬁﬁmibﬁ fésdine pnd selenium, '’ methionine, ' fish
0il,''" and soybean oil.”" In addition, the provision of fe ijsieldb teemrsupptermented with probiotics,”’ glycine, and
prebiotics.”” In this study, mature coconut water and palm sap sugar solution fermented with various fungi were used
to supplement fish feed. N'Sd@RISHN@ EiRUAGICHIREHA DR SaarelriliRIpre din sk ptayerirole [in increasing feed
nutrition. Howevef Atisdbeteiot NETSLOA i " = ng et al.>° showed

—Hfreferable. . = ” . . .
that Rh %’% Olggo?ulszg o Ilular enzymes. A, isgigzl us niger. has a high capacity to degrade
antigen mrs;-including carbohydrases, proteases, lipases, and phospiratases, when used for fermenting plant-

sourced fish feed ingredients.'”’ Sa
tiveness is due to its useful compositi
are used for fermented ingredients.’->®

es cerevisiae is one of the most acclaimed microorganisms. Its effec-
cerevisiae ~ |, . . . . s a1
as “B-glucans, nucleic acids, mannan oligosaccharides and chitin,” which
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The amino acid composition can be used to assess feed quality. Leucine, arginine, and glutamic acid were the most
abundant free amino acids in the KP1, KP2, KP3, and KP4 diets. Similarly, in other studies on fish feed, such as feed for
largemouth bass, Micropterus salmoides, the feeds were supplemented with glycine, prebiotics, and nucleotides in a
soybean meal-based diet.”” Feed for pacu, Piaractus mesopotamicus, was supplemented with an essential amino acid,””
and feed for snubnose pompano, Trachinotus blochii, was supplemented with different levels of protein.®” Apparently,
supplementing feed with different ingredients is common, and in other species, leucine, arginine, and glutamic acid were
the most abundant HAXS? CBfivetsély, methionine levels were low in all experimental feeds. Methionine is one amino
acid that must be avaijablein fisiTfeedbecause methionine is needed to protect body cells from stress. For optimal growth
of juvenile hybrid gr ﬂ!ﬁéﬁ’? P8yeRidthiGhine |s required in the feed.'® The experimental feed contained 0.18-0.30%
methionine, but whether this amount is sutticient for the needs of giant gourami is poorly understood.

In the current study, the nonessential amino acid compositions were slightly higher than the essential amino acid
compositions in all the experimental diets. It was higher in the KP3 diet than the other diets. In contrast, the essential
amino acids of fish feed for snupidsepbiniFtfo were slightly higher than the nonessential amino acids content.’” This
difference may be caused by differences berweem freshwater fish and marine fish. As in the present study, Prabu ef al.®’
reported that different dietary protein levels also caused different pools of FAAs, including limiting essential amino acid
types in the diet” and supplemental glycine, prebiotic, and nucleotide levels in the soybean meal-based diet.”” In the
present study, this difference in FAA content is caused by various mushrooms used in the formulated products.
C ami juveniles fed the KP3 diet showed higher levels of glutamic acid, aspartic acid, leucine, and lysine and
lower levels e, methionine, histidine, tryptophan, and cystine in their carcasses than those fed other diets. The
carcasses of mami fed the KP3 diet showed the highest sum of FAAs compared to cultured fish fed the KP1, KP2,
and KP4. The differences in the FAA profile in the whole-body carcasses of gianto i could be related to the fungus
type used in the formulated products for enriched feed. Each type of mushroom has a different function depending
on the fermented fish feed ingredients and is correlated with the whole- body carcass amino acids.' >’ The FAA profile
differences could be related to different aspects, such as diet composition,®’ dietary protein level,”” and methionine levels
in the diet,'® including the water quality of the ponds.®® This study does not analyse the relationship between growth
performance and FAA profile or pond water quality. Several authors have reported that the physiological parameters of
water quality and animal body composition are usually interrelated.®’-°” The present study did not examine whether the
differla‘qiﬁhét‘;fﬁfF‘AeASFﬁ'ﬁ%Hb“WHBT@-'BwfW@Si@bﬁl‘?é‘la%@& foSHEW Bterigadicy see whether itis connected to pond water

[he lower weight gain of fish fed the KP1 diet compared to fish fed the KP2, KP3, and KP4 diets shows that a deficiency
dF8 Nithere lfﬁé?fs’) fﬁaﬁlsc' Oithiiatkd product for the enriched diet could lower the protein content and related sum amino
acids, Teading to the inhibition of gianfgouranyi growth. In addition, it also affects feed intake and feed conversion ratios.
The low protein efficiency ratio and d. 17} ;agly owth coefficient in fish provided the insufficient KP1 diet were perhaps due to

an amino acid imbalance. The amino acid content of the KP2, KP3, and KP4 diets increased, ranging from 16.88% to

17.91% after fermentati ﬁ?gFﬁefﬁﬁéﬁéﬁﬁ@iﬁh&ﬂfb@dﬁé enapaw té)eth’éx ih‘éﬂ?ﬁé@ Tﬁmt@im@@!ﬂeﬁﬁl‘ﬁﬂi@%P@I‘GKP@FEKGHKM the KP2, KP3, and KP4
diets, which was in line
Aspergillus awamori fermentation increased the amino acid content of soybean meal by 2.56% and 15.56%, respectively.
In addition, Dawood et al.* stated that the essential amino acid profile was changed after fermentation by Saccharomyces
cerevisiae. This might result from the different fungi used having different utilization patterns for amino acids in this
study. It influences the growth performance and nutrient utilization of gl ami juveniles. We found that the
methionine proportion was lower in the diets in the current study. In addition e ine is an essential amino acid that

plays a unique role in protein structure and metabolism. B tis possible that Aj us niger, Rhizopus oligosporus, and
g .. . . . |Niger, . ..
cere! Scl‘aeég ¢ “

Sacch iaye brevisiae fermentation promoted the conversion of specifi o acids to methionine. However, the
S need to be studied further.

exact

In the present study, the thermal growth coefficient (TGC) strongly correlated with the daily growth coefficient (DGC).
Because faster daily fish growth requires a quality diet and constant water temperature during the rearing period, in this
study, water temperature ranged from 27 to 30°C, and dissolved oxygen was between 5.8 and 6.2 mg/L. According to
Besson etBel8 e ! N‘Gflﬁg‘ﬁ@mﬁmy v ABTIEY iFPHhE die ARG RStét-Bro Wit FSHAVITR bR SHPpRHEN By BoidtAnd hioher dall oxygen
CIllldl LIldIlgC l[l CllVlIUll-
mental value.”” Therefore, it was very 1mponant to keep the water temperature and dissolved oxygen constant in the
aquaculture locations. At the same time, 78 % of TGC values were determined by the condition factor connected to whole
body weight and the total fish length. TGC of Atlantic cod, Gadus morhua, is influenced by body size and condition

factors.| what are the
factors?

66

In this study, a higher value of TGC was detected in fish fed KP3; the effect is that the daily growth coefficient, and the
protein efficiency ratio is better. Conversely, decreasing TGC has two effects, i.e., a slow fish growth and lowered daily
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feed intake. Many scientists state that in aquaculture operations, net yield (kg/m®) depends upon TGC fluctuation, feed
intake, and daily oxygen consumption.®”%%?

In the present study, feed enrichment with different formulated products did not affect SI exceptin the KP3 diet.
Whereas is influenced by differences in diet, it did not affect BSI. The condition factor of largemouth bass,
Micropterus salmoides (1.49-1.52%), fed enriched 1-2% EPA + DHA '7 was different from the value (0.68) reported by
Arriaga-Hernandez et al.”’ for white snook (g?gggﬁ@pomu viridis) juveniles fed a 15% replacement of fish meal with
soybean meal. Moreover, Hassan et al.”' reported-condition factor values ranging from 1.52 to 2.95 and an HSI between
1.4 and 1.5 for Lates calcarifer under different feeding rates (3-9% body weight d™'). Barbosa ef al.”” reported VSI and
| SI values of 2.24 and 3.86, respectively, for Centropomus parallelus fed a commercial diet. On the other hand, Syed

¢ral.® a eported HSI and VSI values of 3.41 and 4.90, respectively, for Oreochromis niloticus at different levels of
was thg RGN SRFAYURSEded additives. In our study, the VST of O. goranty ranged from 3.17 to 4.15, and the LSIs were

between 1.74 and 2.75, both higher than those recorded at different stocking densities of O. goramy.** The high content of

visceral fat observed in fish fed the KP3 diet might be explained by the diet having fat contents that exceed the needs of
| ami juveniles and by the reduced energy expenditure of fish that are confined to rearing frame nets. Therefore,
detiet-analysis is necessary to determine the optimum dosage of the formulated product for the enrichment of feed to
improve the growth performance of O. goramy.

d

For fish, the gut plays a significant role in absorbing nutrients, which is closely related to feed utilization.'®’* Rossi

et al.”> demonstrated that the development of enterocytes affected the nutrient-absorbing efficiency of the gut of

Micropterus salmoides. Feeding : ifer juveniles with the same basal diet supplemented with 1% probiotic

yeast, Sacchrevisiae, andtacticacid bacteria, Lactobacillus casei, revealed a higher number of gut mucosal
£ 74

I

goblet cells arrd eased microvillous length. " In contrast, substituting as much as 12.5-25% soya protein concentrates
with lupin (Zfapinus afbus) meal in carp ((¥prinus carpio) diets does not significantly affect the vilies gt anvdRAvEsEEdfhows the affected vil in results

=]

of the gut.” fr-the-etirrent study, enrichedfeedWwith products supplemented from coconut water, palm sap sugar, and
fungus significantly affected the micromorphology and gut size. The fold height, fold width, enterocyte height, and
microvilli of fish fed the KP3 diet were higher than those of fish fed the KP1, KP2, and KP4 diets. The KP3 diet is a
relevant formulated product to enrich commercial feed to promote the development of the gut in animal experiments,
which may somewhat describe the significant growth performance and feed efficiency used in this study.

Furthermore, the micromorphology gut size of gia@‘rg%lrabui is smaller than that of juvenile h{f}mﬁfgrougir,m turbot,
Scophthalmus maximus,'” largemouth bass, Mi CropleriLs Sa moides,”” and common carp, (] )?;rrpilromli carpio.  The trophic
food habits of fish may also affect the gut's Imwmﬂ:’ Hd hMV size because these Habrtsate correlated with the
digestibility coefficient. Under natural conditions, gian CEQuTanjiis an herbivorous fish, thlﬁﬂg!:oupe , larﬁiagﬁgf'ﬁth bjss,
and [{i{BYC are predatory fish, and mfﬁon c4rp are oI s. Whether giving fish frém-ci tropt he

name
sam¢ diet affects the size of gut hF, WF, hiE, and hMV is poorly understood.

Conclusions

The present investigation observed that feed enriched with newly formulated products made from mature coconut water
and palm sap sugar, and fermented with y affg{fécﬂﬁffﬁl‘ijdf‘)‘iﬂg?gﬁen ta fish in a dose of 150 ml/kg substantially affected the
amino acid composition of the diet and"whole-body carcass of giant juveniles. It also affected the growth
coefficient, feed utilization, body indices, and gut micromorphology size—Thethermal growth coefficient had a strong
relationship with the daily growth coefficient (+* = 91%) and a moderate relationship with the feed intake (+* = 69%). The
CP3 formulation was optimal for feed quality, and the KP3 diet was optimal for body carcass, growth coefficient, body
indices, and the ability of the intestines for feed absorption. Thus, our study also informs fish farmers about culturing good
quality giant gourami and fulfilling nutrition requirements for food security.

Data availability

Underlying data

Figshare: Underlying data for ‘Effect of feed enriched by products formulated from coconut water, palm sap sugar,
and mushroom on the chemical composition of feed and carcass, growth performance, body indices, and gut micromor-
phology of giant gourami, Osphronemus goramy (Lacepede, 1801), juveniles’. https://doi.org/10.6084/m9.figshare.
20407647.7°

This project contains the following underlying data:
- Table 1. Raw data of the experimental diets’ proximate composition

- Table 2. Raw data of amino acid of feed experimental
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- Table 3. Raw data of whole body carcass proximate composition

- Table 4. Raw data of amino acid of whole-body carcass

- Table 5. Daily growth coefficient, feed utilization and body indices of giant gourami after 90 days of feeding.

- Table 6. Raw data gut micromorphology of giant gourami juveniles fed different diets for 90 days

Data are available under the terms of the Creative Commons Attribution 4.0 International License (CC-BY 4.0).
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Abstract

Background: Giant gourami, Osphronemus goramy (Lacepéde, 1801) is
the most important freshwater fish species produced by aquaculture
in Indonesia. This study seeks to determine the effects of various
newly formulated products on the amino acid composition of the diet
and whole-body carcass, and to analyse the growth coefficient, body
indices, and gut micromorphology.

Methods: 100 g of palm sap sugar was cooked in 1.1 litre of fresh
water for fifteen minutes, to create 1 litre of 11% palm sap sugar
solution (after some of it had been boiled off). 2 litres of coconut water
were then mixed with the litre of palm sugar solution. 1 litre of this
product was added in turn to 2 g of Aspergillus niger (CP2), 2 g of
Rhizopus oligosporus (CP3), and 2 g of Saccharomyces cerevisiae
(CP4), while freshwater was used as a control (labeled CP1). Aquafeed
was added to CP1, CP2, CP3, and CP4, to make diets labeled KP1, KP2,
KP3, and KP4. The dosage was 150 ml/kg of feed. Juvenile giant
gourami (initial weight 50+0.25 g and length 13.2+0.07 cm) were
reared in triplicate net frames (2x1x1 m; water volume 1.5 m3)ina
freshwater concrete pond with a stocking density of 30 juveniles/net.
Results: The results supported our hypothesis that different product
formulations have a significant effect (P < 0.05) on aquafeed nutrition
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and the whole-body carcass, growth coefficient, feed utilization, body
indices, and gut micromorphology of giant gourami juveniles. The
thermal growth coefficient strongly correlated with the daily growth
coefficient (r2 = 91%). The KP3 diet contains a higher concentration of
amino acids, which increased the growth coefficient, feed utilization,
and carcass quality more than the other diets we tested.
Conclusions: Diet KP3 contains higher total amino acids in diets and
carcasses and leads to better growth for giant gourami.

Keywords
Giant gourami, amino acid profile, growth performance, palm sap
sugar, coconut water, gut micromorphology
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Introduction

In this decade, the production of capture fisheries has decreased; meanwhile, the demand for fish products for human
consumption is increasing. Therefore, according to the Food and Agriculture Organisation, 60% of fisheries production in
the future will come from aquaculture activities and this figure will continue to rise.’ The utilization of a variety of fish for
aquaculture has now increased the need for commercial feed.”™ At the same time, for aquaculture operations, the cost of
aquafeed is still a significant challenge.”™® On the other hand, commercial feed produced by factories still does not
contain complete nutrition for fish growth, while being acknowledged for its positive effects on food safety.”™"" In this
context, enriching fish feed with cost-effective natural ingredient resources is key to increasing feed nutrient quality and
feed efficiency in commercial fish farming and ensuring the sustainability of aquaculture operations.”'*"?

The target is fish feed that is wealthy in many important nutrients, including protein, fat, vitamins, and minerals that
cultured fish can utilize to increase their growth rate and survival and that is beneficial for human health.”'*~'° Therefore,
novel approaches have been developed by scientists to improve the nutrition of fish feeds, such as feed supplemented with
EPA and DHA,'” iodine and selenium,'” methionine,'® fish oil,'"*'” and soybean oil.” In addition, supplementing
probiotics into the diet”' and supplemental glycine, prebiotics, and nucleotides in a soybean meal-based diet have been
studied.”

The progress of aquaculture biotechnology has stimulated the interest of scientists in improving aquatic animal
production, for example, to increase giant gourami production. One of the experimental techniques is to increase feed
nutrition used for this purpose, such as, the use of fish meal and Azolla flour as a feed ingredient for giant gourami,” and
the utilization of new products formulated from water coconut, palm sap sugar, and fungus for the enrichment of
commercial feed.” Additional research has involved a diet supplemented using glutamine,”* feed supplemented with a
growth hormone,” and substitute fish meal incorporating chicken feather.”® Whether using coconut water and palm sap
sugar fermented with mushrooms affects the amino acid composition of the diet, body carcass, growth coefficient, and
body indices is still not understood.

Coconut water has extraordinary nutritional value and contains supplements for health like minerals, amino acids, fatty
acids, vitamins, enzymes, organic acids, and several phenolic compositions.”’ " Palm sap sugar also has health benefits
due to its essential nutrient content, such as a low glycaemic index, and it contains antioxidants, vitamins, and
minerals.”'~* Meanwhile, mushrooms have been widely used in fermentation due to their ability to degrade antigenic
proteins in fish feed ingredients.”*>*° Additionally, coconut water is a functional food that can protect the lens from
diabetic cataract development in rats.”” Coconut water is also a treatment for burning pain during urination, dysuria,
gastritis, increasing semen, and indigestion.*®

On the other hand, Azrita e al.” have reported using new formulations of products containing coconut water and palm sap
sugar that are fermented with various mushrooms involving a dosage of 300 ml/kg feed. Their newly formulated products
can increase fatty acid levels in the diet and whole body carcasses. Besides that, they also improve giant gourami's growth
performance and feed efficiency.

However, the effect of these new formulation products at a dosage of 150 ml/kg feed on the diet amino acid composition,
and body meat's amino acid composition has not yet been analyzed. In line with that, the relationships between thermal
growth coefficient and condition factor, daily growth coefficient, and feed utilization coefficient, including body indices
parameters, as well as the gut micromorphology of giant gourami, have not yet been analyzed.

We hypothesized that commercial aquafeed combined with different newly formulated products at the dosage of
150 ml/kg feed could improve the amino acids compositions of the aquafeed and whole body carcass, body indices,
and gut micromorphology. Hence, this investigation's first purpose was to analyze the effect of various newly formulated
products on the diet's proximate compositions, amino acid composition, and whole-body carcass. The second aim was to
analyze the impact of newly formulated products on the growth coefficient and relation to thermal growth coefficient,
body indices, and gut micromorphology in giant gourami juveniles.

Methods

Ethical approval

The Research and Community Service Ethics Committee at Universitas Bung Hatta, West Sumatera, Indonesia approved
this research (89/LPPM/Hatta/III-2022) which followed the ARRIVE guidelines. The Ministry of Education, Culture,
Research and Technology of the Republic of Indonesia funded the research under grant No. 076/E5/PG.02.00 PT/2022
on March 16, 2022. Approval was given by the ethics committee to collect and rear juvenile gurami sago in the
aquaculture laboratory, Faculty of Fisheries and Marine Science at Universitas Bung Hatta. All efforts were made to
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relieve the suffering of experimental animals. Therefore, the animal did not suffer for this study, and they were still in
good condition when returned to the pond after research was completed. Where some fish were euthanized, this was
carried out by piercing part of the fish’s brain. Gurami sago fish are not classified as a protected animal according to
Indonesian legislation.

Preparation of formulated product

We prepared 100 g of palm sap sugar by traditional production and cooked itin 1.1 litre of fresh water for fifteen minutes
at 60° C, and only got 1 litre of palm sap sugar solution due to some of it being boiled off. Then, this was cooled in an open
space for twenty minutes. Furthermore, we also prepared 2.0 litres of mature coconut water (Cocos nucifera L.) and
mixed it with the 1.0 litre of palm sap sugar solution. The product was stored for ten minutes in a cool air-conditioned
room. A total of 3.0 litres of the formulated product was divided into three parts of 1.0 litre each. We added 2 g of
Aspergillus niger (1abeled as CP2 product) to the first part of the formulated product solution, 2 g of Rhizopus oligosporus
(labeled as CP3 product) to the second part, and 2 g of Saccharomyces cerevisiae (labeled as CP4 product) to the third
portion. The CP2, CP3, and CP4 products were fermented for 48 hrs in a jerry can (2.0 litres) using an Aerasi PUIIMAC,
MAC-40 K 40 L/min. The products of CP2, CP3, and CP4 were used to enrich the nutrition of commercial aquafeed
(781-2, PT. Japfa Comfeed Indonesia, Tbk) and labeled as the KP2, KP3, and KP4 diets. The aquafeed was supplemented
with freshwater (labeled as the KP1 diet; placebo).

Preparation of experimental diets

Giant gourami juveniles were adapted for one month to standard feed, namely floating commercial aquafeed 781-2 (pellet
size 2 mm), which contained 10.66% water content, 30.10% crude protein, 4.09% crude fat, 45.35% total carbohydrates,
2.5% ash, and 9.18% crude fibre. The minerals in the commercial feed were 280.08 mg/100 g Na, 1415.02 mg/100 g Ca,
1358.07 mg/100 g K, 1200.31 mg/100 g P, 292.03 mg/100 g Mg, 18.14 mg/100 g Fe, and 13.83 mg/100 g Zn. The
aquafeed was added to freshwater to create the KP1 diet as observed, and the formulated CP2, CP3, and CP4 products
were added to the aquafeed at a dosage of 150 ml/kg of feed to create the enriched fish diets. The formulated product
added to the aquafeed was mixed manually with it for three minutes to obtain maximum homogenization and then the
blend was dried in the open air for thirty minutes. Thereafter, it was given to the trial animal.

Experimental procedures and sampling

In the present study, we measured fish weight using AD-600i scales with 0.001 g accuracy (ACIS model number
AD-600i, China). At the same time, a meter ruler with 1 mm accuracy was used to estimate the body length. A total of
360 sago strain juveniles of giant gourami were counted; the initial mean weight was 50 £ 0.25 g, and the initial length
was 13.240.07 cm. For rearing juveniles, twelve nets framed with 2 m® (2 x 1 x 1 m) PVC pipe (water volume of 1.5 m>)
were placed inside two freshwater concrete ponds with a size of 18 m® (6 x 2 x 1.5 m). This experiment consisted of four
treatments and three replications, and each frame net was stocked with 30 juveniles. The giant gourami were fed the KP1,
KP2, KP3, and KP4 diets three times a day (08:00, 12:00, and 17:00 hrs) during the 90-day feeding trial. Juveniles of giant
gourami were fed at a 3% body weight rate per day based on the percentage of stored biomass. Fish samples were
collected every 30 days for body weight and length measurements. Ten fish per net frame were collected and anesthetized
orally using clove oil. Then, their lengths and weights were measured. Prior to sampling, the fish fasted for 24 hrs to empty
their intestinal contents.

Proximate and amino acid composition

The diet samples and proximate carcass composition were analyzed using standard AOAC methods.” The matter was
dried to a constant weight at 105°C. We used the standard Kjeldahl method to analyse crude protein (N x 6.25). We used
the Soxhlet method with ether extraction to analyse crude lipids; the ash was incinerated at 550°C for 16 hrs, whereas
gross energy was measured in a bomb calorimeter. The amino acid composition was determined by using a high-
performance liquid chromatography (HPLC) system consisting of a water 1525 binary HPLC pump, 717 autosamplers
(water®), and water 2475 multi A fluorescence detector optics (wavelengths: 250 nm for excitation and 395 nm for
emission). It was hydrolysed in triplicate with 6 N hydrochloric acid for 24 hrs at 11°C.*"

Nutrient utilization and body indices

The growth coefficients in the fish experiments were measured by using the thermal growth coefficient (TGC), daily
growth coefficient (DGC), total feed intake (FI), and protein efficiency ratio (PER) of giant gourami, assessed using the
following formulae:

TGC = [(final weight (g))!/s—(initial weight (g))'/]/[(mean water temperature (°C)) x duration of rearing period (day)]
x 1000

Page 4 of 23



F1000Research 2023, 12:140 Last updated: 09 OCT 2023

DGC = (Wf's~Wi'/3) /duration of rearing period (day) x 100
Flas feed (Flas feed in g/fish/day) = Total feed fed/(n x t)

PER = wet weight gain/total protein intake

Three fish from each net frame were sacrificed and dissected immediately to determine the Condition factor (CF),
Viscerosomatic index (GSI%), Hepatosomatic index (HSI%), Visceral fat-somatic indexes (VFSI%), and Bilesomatic
index (BSI) as given below:

CF =100 x [weight of the juvenile (g) /Length of juvenile (cm?)]
GSI=100 x [viscera weight (g) /whole body weight (g)]
HSI= 100 x [liver weight (g) /whole body weight (g)]
VFSI =100 x [visceral fat weight (g) /whole body weight (g)]
BSI =100 x [Bile weight (g) /weight of liver (g)]

Histological examination of the gut

For histological analyses, each gut specimen of the animal was cut into the foregut, midgut, and hindgut. Moreover, the
cells were cleaned in saline solution and fixed in Bouin's fixative solution for 24 hrs. After sequential dehydration steps in
alcohol, the gut samples were embedded in paraffin. The implanted tissue blocks were sectioned at 5 pm, and sections
were consistently stained with Haematoxylin-eosin and observed under a light microscope (Olympus IX71) equipped
with Image-Pro Plus 7.0 software. The digitalized analysis measures the micrometer length of various enteric structures of
gutimages. We determined the average fold height (hF), fold width (wF), and enterocyte height (hM V) of the gut per slice
(5 fields per individual sample) according to procedures described by Li ez al.'® The specific measurement method of gut
samples is shown in Figure 1.

Pond water quality

The water quality values of the freshwater concrete ponds that were used to rear the giant gourami juveniles were recorded
weekly. The water samples were collected at 10:00 am at a depth of 20 cm from each concrete pond to determine the water
temperature, dissolved oxygen, and pH value. In addition, we also measured the total alkalinity, hardness, and nitrates of
the water in the pond experiments. A thermometer (Celsius scale) was used to measure water temperature. To measure
water dissolved oxygen (O,; mg L), we used an oxygen meter (YSI Model 52, Yellow Instrument Co, Yellow Spring,

Figure 1. Transversal section photomicrographs of giant gourami juvenile foregut. (A) Fold height and fold
width were analyzed in a lower magnification of objective lens of microscope (magnification x 100), (B) Enterocytes
height and microvilli height were analyzed using a higher magnification of an objective lens microscope (magnifi-
cation x 200). hF = fold height, wF = fold width, hE = enterocyte height, hMV = microvillus height (hematoxylin and
eosin).
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OH USA). A digital pH meter (Mini 0-14 pH IQ, Scientific Cemo Science, Thailand) was used to determine the pH
values of water in the experiments. The level of nitrate-nitrogen (NO5-N; mg L"), alkalinity (mg L™), and hardness
(mg L") were measured according to standard procedures.”’

Calculations and statistical method

The data from this study were reported in the form of the mean + standard deviation for each treatment. Data were
analysed using the SPSS 16.0 software package (SPSS; Chicago, IL). Normality was tested using the Kolmogorov—
Smirnov statistic. Homogeneity was checked using absolute residuals according to Levine's test. One-way ANOV A was
used to determine the treatment effect, followed by a post-hoc Duncan's multiple range test.*” To create the figures,
Microsoft Office Professional Plus 2019 was used.

Results

Proximate and amino acid profiles of the diets

Commercial feed supplemented with different formulated products with the dosage of 150 ml/kg of feed significantly
affects the proximate composition of diets. One-way ANOVA results showed a marginal interaction among treatments
in the case of protein content (F3 gy = 1.522, P = 0.282), fat (F3 5y = 5.663, P = 0.022), carbohydrates (F3 g, = 1.862,
P =0.214), crude fibre (F3 g, = 1.445, P = 0.300), and ash (F3 g, = 0.272, P = 0.844), and the total energy content
(F3.8y=1.112, P =0.400) differed considerably (P < 0.05) among the four diets (Table 1). Duncan's Post-hoc test revealed
that the protein content (21.6967 4 0.17%) was significantly higher (P <0.05) in the KP3 diet than in the other treatments,
while the carbohydrate (31.19 4= 0.38%), crude fibre (2.82 £ 0.06%), and ash (6.57 4= 0.04%) contents were significantly
higher (P < 0.05) in the KP3 diet than in the other diets. Conversely, the total energy content was 240.88 + 0.74
(kg calories/100 g), which was significantly higher (P < 0.05) in the KP3 diets than in the KP1, KP2, and KP4 diets
(Table 1).

The levels of free amino acids in the diets supplemented with different formulated products with a dosage of 150 ml/kg of
feed are presented in Table 1. All types of amino acids in the diets of KP1, KP2, KP3, and KP4 were significantly different
(P <0.05), except for tryptophan, and there was no significant difference (P > 0.05) between KP2, KP3, and KP4. Among
the essential amino acids, leucine and arginine were found in the highest amounts in the KP1, KP2, KP3, and KP4 diets.
There was no significant difference (P > 0.05) in the alanine content between KP2 and KP3 diets and the cystine level in
KP1 and KP3 diets. Of the nonessential amino acids, glutamic and aspartic acid represented a significant portion of all
four diets.

The present study found significant differences in the overall free essential and nonessential amino acid pools in the KP1,
KP2, KP3, and KP4 diets (Table 1). One-way ANOVA results exhibited a marginally significant interaction between
experimental diets in terms of essential amino acids (F(3 g,=11.371, P =0.003), nonessential amino acids (F( g, = 0.407,
P =0.752), and overall amino acid pools (essential plus nonessential) (Fz g)=7.355, P =0.011). Duncan's Post-hoc test
revealed that the free essential amino acids (9.03 £+ 0.003%), nonessential amino acids (8.88 4 0.004%), and overall
amino acid pools (17.91%) were significantly higher (P < 0.05) in feed supplemented with CP3 products, followed by
CP2, CP4, and CP1 products (Table 1).

Table 1. The experimental diets' proximate and amino acid composition (% dry matter). Mean + SD*.

KP1 KP2 KP3 KP4
%, dry weight basis

Proximate composition

Dry matter 38.42 + 0.25° 38.27 + 0.01° 37.59 + 0.16° 38.41+ 0.10°
Crude protein 19.68 + 0.41° 20.27 £0.13° 21.70 + 0.18¢ 20.44 +0.10¢
Crude lipid 3.41 £ 0.02° 3.67 £0.13° 3.50 + 0.02%¢ 3.48 + 0.04%¢
Carbohydrate 26.37 +0.17° 29.50 + 0.54° 31.19 + 0.38° 30.57 + 0.06¢
Crude fibre 2.23 + 0.05° 2.36 +0.01° 2.82 + 0.06° 2.45 + 0.06°
Ash 2.75 + 0.03? 6.66 + 0.05° 6.57 + 0.04¢ 6.67 -+ 0.06¢
Energy total (kg calorie/100 g) 240.87 + 0.382 234.41 £+ 0.30° 240.88 + 0.74°¢ 237.11 4+ 0.43¢
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Table 1. Continued

KP1 KP2 KP3 KP4
%, dry weight basis

Amino acid composition

EAA
Leucine 1.36 + 0.01° 1.42 +£0.01° 1.46 +0.01¢ 1.36 +£0.01¢
Isoleucine 0.76 + 0.01° 0.79 + 0.01° 0.81 +£0.01° 0.76 + 0.01¢
Lysine 0.95 + 0.01° 1.10 + 0.01° 0.98 + 0.01° 1.20 + 0.01¢
Valine 0.86 + 0.012 0.94 + 0.01° 0.96 + 0.01° 0.89 + 0.01¢
Threonine 0.79 + 0.022 0.92 +0.01° 1.04 +0.01¢ 0.83 +0.01¢
Arginine 1.02 +0.01° 1.19 +0.01° 1.30 £ 0.01°¢ 1.03 + 0.01¢
Phenylalanine 0.67 + 0.01° 0.93 +0.01° 1.05 4+ 0.01°¢ 0.77 £ 0.01¢
Tyrosine 0.43 £ 0.01° 0.53 + 0.00° 0.57 + 0.06° 0.45 + 0.01¢
Methionine 0.18 £ 0.01° 0.26 + 0.01° 0.30 £ 0.01¢ 0.21 +0.01¢
Histidine 0.40 + 0.01° 0.50 + 0.01° 0.57 + 0.01° 0.43 +0.01¢
Tryptophan 0.06 + 0.012 0.11 £ 0.01° 0.07 + 0.00°° 0.09 + 0.01°¢
NEAA

Alanine 0.85 + 0.01° 0.94 + 0.01° 0.87 + 0.06° 0.97 + 0.01°¢
Serine 1.01 +£0.01° 1.12 £ 0.01° 1.2340.01¢ 1.01 +0.01¢
Glycine 1.15 + 0.01° 1.32 +£0.01° 1.29 +0.01¢ 1.19 + 0.01¢
Proline 1.01 +£0.01° 1.05 + 0.01° 1.03 +0.01¢ 1.03 + 0.02¢
Aspartic acid 1.25 +0.012 1.50 &+ 0.01° 1.40 + 0.01¢ 1.56 + 0.01¢
Glutamic 2.15 +0.03? 2.88 +0.03° 2.59 + 0.01° 3.01 + 0.03¢
Cystine 0.09 + 0.012 0.07 + 0.01° 0.04 + 0.01° 0.09 + 0.012¢
SEAA 7.56 + 0.003° 8.70 + 0.003° 9.03 + 0.003¢ 8.04 + 0.003¢
YNEAA 7.51 + 0.008° 8.88 + 0.007° 8.88 + 0.004¢ 8.84 + 0.008¢
SAA 15.07 + 0.0042 17.58 + 0.002° 17.91 + 0.00° 16.88 + 0.003¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).
*Values represent the means of triplicate samples.

Proximate and amino acid profile of the whole body of giant gourami

Commercial feed combined with a new formulation product significantly affected the proximate carcass composition of
juvenile giant gourami. One-way ANOVA results showed a marginal interaction among group treatments in the case of
protein contents (F3 gy = 1.522, P = 0.282), fat (F(3 3y = 5.663, P = 0.022), carbohydrates (F3 )= 1.862, P = 0.214), and
crude fibre (F3 gy = 1.445, P = 0.300). Duncan's Post-hoc test revealed that the protein content (28.85 %+ 0.45%), fat
(2.67 £0.04%), carbohydrates (1.97 = 0.09%), and crude fibre (0.83 = 0.02%) were significantly higher (P <0.05) in the
KP3 diet than in the other treatments. Meanwhile, the carcass protein content of fish fed KP1, KP2, and KP4 was not
significantly different (P > 0.05) between treatments. For the energy total, KP3 was significantly higher (P < 0.05) than
the other treatments (Table 2). However, the moisture content of the carcass did not show any significant variation among
the KP1, KP2, KP3, and KP4 diets.

The mean quantities of total amino acids in the carcasses of O. goramy fed different diets are given in Table 2. Lysine and
leucine represented a significant portion of the essential amino acids of the whole body carcass, and methionine was
present in small quantities in all of the whole-body meat. Of the nonessential amino acids, glutamic acid, aspartic acid, and
alanine were the highest, and cystine was the lowest for all whole-body carcasses of giant gourami fed different diets. The
levels of glutamic acid were significantly higher in carcasses of fish fed the KP3 diet than in those provided the KP1, KP2,
and KP4 diets.

When the overall quantities of total essential and nonessential amino acids were compared, the whole-body carcass amino
acid content was significantly lower (P < 0.05) in fish fed the KP1 diet than in those fed the KP2, KP3, and KP4 diets
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Table 2. Whole-body proximate and amino acid composition of giant gourami after a 90-day feeding trial.

Mean + SD*.

Proximate composition

Dry matter
Crude protein
Crude fat
Carbohydrate
Crude fibre
Ash

Energy total (kg calorie/100 g)

Amino acid composition

EAA
Leucine
Isoleucine
Lysine
Valine
Threonine
Arginine
Phenylalanine
Tyrosine
Methionine
Histidine
Tryptophan
NEAA
Alanine
Serine
Glycine
Proline
Aspartic acid
Glutamic
Cystine
SEAA
SNEAA
YAA

KP1

%, dry wet basis

64.59 + 0.16°
28.64 + 0.28°
2.79 +0.037
1.38 +£0.01°
0.97 + 0.02°
1.63 + 0.02°
144.77 + 1.58%

2.13 +£0.017
1.13 4+ 0.01°
2.77 £0.01°
1.26 +0.01°
1.38 + 0.02°
1.58 +0.01°
1.02 + 0.01°
0.80 + 0.01°
0.15 +0.01°
0.55 + 0.01¢
0.08 +0.01°

1.86 + 0.01°
1.28 +£0.01°
1.58 +0.01°
1.06 + 0.01°
2.71 £0.01°
4.36 + 0.03°
0.06 + 0.01°
12.68 + 0.003?
12.91 + 0.0072
25.59 + 0.003°

KP2

64.51 + 0.34°
28.07 + 0.79%°
2.88 + 0.02°
1.99 + 0.06°
0.68 + 0.01°
1.70 + 0.02°
155.48 + 1.26°

237 +£0.01°
1.25+0.01°
3.16 +0.02°
1.40 £+ 0.01°
1.49 +0.01°
1.71 £0.01°
1.11+£0.01°
0.84 + 0.00°
0.21 +0.01°
0.56 + 0.01%°
1.02 +0.01°

2.08 +0.01°
1.31 £0.01°
1.68 + 0.01°
1.16 + 0.01°
3.08 +0.01°
4.92 +0.01°
0.09 + 0.01°
15.13 + 0.005°
14.32 +£0.01°
29.45 4 0.04°

KP3

64.14 + 0.337
28.85 + 0.45°
2.67 £ 0.04°
1.97 + 0.09¢
0.83 £+ 0.02¢
1.54 +0.01°
157.90 £ 0.91¢

2.42 +£0.01°
1.38 + 0.01°
3.88 +0.01°
1.32 + 0.01¢
1.43 +0.01¢
1.63 £ 0.01¢
1.08 £ 0.01¢
0.83 +0.01°
0.18 +0.01°
0.59 + 0.01°
1.08 £ 0.01¢

2.924+0.01¢
1.26 +0.01¢
1.61 £0.01¢
1.08 + 0.01¢
3.794+ 0.01¢
4.97+0.01¢
0.06 + 0.01¢
15.82+ 0.001°¢
15.69 =+ 0.002¢
31.51 £ 0.001°¢

KP4

64.24 +0.12°
28.66 + 0.44%
3.00 + 0.02¢
1.31 + 0.02¢
0.95 + 0.04¢
2.11 £ 0.04¢
149.60 + 0.29¢

2.26 +0.01¢
1.194 0.01¢
2.86 +0.01¢
1.35 4+ 0.01¢
1.48 +0.01¢
1.70 + 0.01¢
1.11 £ 0.01¢
0.85 + 0.06
0.16 + 0.01¢
0.57 + 0.01¢
0.06 + 0.00¢

1.97 + 0.01¢
1.31 +0.01¢
1.77 £ 0.01¢
1.16 + 0.01¢
2.77 £ 0.01¢
4.66 + 0.01¢
0.05 + 0.01¢
13.61 + 0.008¢
13.50 + 0.001¢
27.11 + 0.004¢

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).
*Values represent the means of triplicate samples.

(Table 2). The number of amino acids (essential plus nonessential) in the carcasses of fish fed the KP3 diet was
significantly higher than that in fish fed the KP1, KP2, and KP4 diets.

Growth coefficient and survival

The growth coefficient and feed utilization of the giant gourami juveniles displayed significant differences among the
diets. One-way ANOVA results exhibited a marginally significant difference between experimental diets in the case of
the thermal unit growth coefficient (F(3 gy = 153.99, P = 0.458), and daily growth coefficient (F(; gy = 59.88, P = 0.288),
while total feed intake (% BW day-1) (F(3 3y = 14.938, P =0.56), and protein efficiency ratio (F(3 gy = 15.78, P =0.29) also

showed significant differences (P < 0.05) among the treatment diets (Figure 2).
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Figure 2. Growth coefficient and feed utilization of the giant gourami juveniles reared under different diets
during 90 days of the experiment period. (A) Thermal growth coefficient (TGC), (B) daily growth coefficient (DGC),
(C) feed intake (FI), and (D) protein efficiency ratio (PER). The mean value and standard deviation (mean + SD) are
presented for giant gourami (n = 3). Different superscripts in the bar diagram of the giant gourami juvenile TGC, DGC,
FI, and PER indicate significant differences among other diets (P < 0.05, One-way ANOVA Duncan Post-Hoc).

Furthermore, the thermal growth coefficient (TGC) has often been used to predict growth performance and production
performance of aquaculture using water temperature at the fish-rearing location. This study presents the relationship
between thermal growth coefficient and condition factor, daily growth coefficient, and protein efficiency ratio (Figure 3).
The thermal growth coefficient had strong relationships with the condition factor (+* = 0.777, Figure 3A), daily growth
coefficient (+* = 0.920, Figure 3B), and protein efficiency ratio (* = 0.749, Figure 3D), while the thermal growth
coefficient had a moderate relationship with the feed intake (+* = 0.698, Figure 3C).

Condition factor and body indices of giant gourami after 90 days of feeding

The condition factor was significantly different between diets (F(3 gy = 19.98, P = 0.566) in the present study; while the
GSL HIS, and VFSI displayed marginally significant differences between diets. The HIS was significantly (F3 5)=15.389,
P =0.500) higher in the KP3 diet, but KP1, KP2, and KP4 diets had no significant differences among them (Table 3). The
GSI value of giant gourami was significantly (F5 ) = 10.492, P = 0.243) different between diets, and the GSI of giant
gourami fed KP3 rations was higher than if fed KP1, KP2, or KP4 diets. The VFSI was not considerably different among
the KP1, KP2, and KP4 diets. The Duncan's post-hoc test revealed that the HIS (1.30 = 0.13%), GSI (4.15 £ 0.36%), and
VESI (2.75 £ 0.34%) were significantly higher (P < 0.05) in the KP3 diet than in the other diets. Meanwhile, BSI showed
no significant difference (P > 0.05) among the treatment diets (Table 3).

Gut micromorphology

The gut morphometric measurements of giant gourami juveniles are presented in Table 4. Fish gut micromorphology was
significantly affected by different feeds. One-way ANOVA results showed a significant effect of feed differences
between groups in terms of foregut fold height (F5 5y =816.70, P =0.135), foregut fold width (F3 5,=129.34, P=0.974),
height of the foregut (F g) = 169,80, P = 0.882), and microvillus height of the foregut (F3 gy = 56,01, P = 0.285). The
Duncan's post-hoc test demonstrated that the foregut fold height (434.13 £ 1.76 pm), fold width (53.23 % 0.88 um),
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Figure 3. Relationships between thermal growth coefficient and condition factor (A), daily growth coefficient
(B), feed intake (C) and protein efficiency ratio (D) for giant gourami (0. gourami) over 90 days.

Table 3. Mean (+ SD) value condition factor and body indices of giant gourami during the 90-day experimental
period.

Growth coefficients KP1 KP2 KP3 KP4
Condition factor (CF) 2.45 + 0.09° 2.90 + 0.07° 2.92 +0.13° 2.61+0.04°
Viscerosomatic index (GSI%) 3.20 £ 0.21° 3.77 + 0.09° 4.15 £ 0.36°¢ 3.17 +0.02¢
Hepatosomatic (HIS%) 0.97 + 0.05° 1.06 + 0.19%° 1.30 £ 0.13¢ 1.04 +0.1234
Visceral fat-somatic indexes (VFSI%) 2.154+0.13° 2.29 £ 0.22%° 2.75 4+ 0.34¢ 1.74 £ 0.21%@
Bilesomatic (BSI%) 10.11 +£0.76 10.58 £+ 1.01 10.48 +1.28 10.29 £ 0.77

Note: Numbers followed by different superscript letters in the same row are significantly different (P < 0.05). Numbers with the same
superscript letter in the same row show no significant difference (P > 0.05).

enterocyte height (27.42 £ 0.42 um), and microvillus height (2.79 4 0.45 um) were significantly higher (P <0.05) in fish
fed the KP3 diet than those fed the other diets. For the midgut, one-way ANOV A results showed a significant interaction
among treatments in the case of fold height (F(3 ) = 5602.628, P = 0.055), fold width (F3 g, = 129.341, P = 0.974),
enterocyte height (F3 g)=169.809, P =0.882), and microvillus height (F(3 gy = 56.016, P = 0.285). The Duncan's post-hoc
test showed that the fold height of the midgut (324.96 £+ 1.43 pum), fold width (61.50 £ 1.02 pm), and enterocytes
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Table 5. The average values and range of water quality parameters in the concrete pond during the 90-days of
experiment.

Water quality parameters n Mean + SD Range WHO/FAO limits  References
Water temperatures (°C) 45  28.01+1.06 27-30 25-33 Prokoso et al.**
Dissolved oxygen (mg/L) 14  6.01+0.14 5.80-6.20  3-5 Syandri et al.**
Total alkalinity (mg/L as CaCOs) 14  58.09+3.33  52.5-62.5 120 Boyd et al.**
Hardness (mg/L as CaCO53) 14 6634+132 65-68.5 168 Boyd et al.*

pH 14  748+019  7.2-7.8 6.5-9.0 Boyd et al.*
Nitrates (mg/L) 14 0.04 + 0.01 0.03-0.05 0.2-219 Boyd and Tucker*®

(32.82 £ 0.54 um) were significantly higher (P < 0.05) in fish fed the KP3 diet, whereas microvillus height was
significantly higher in fish fed the KP2 diet (Table 4). Fish fed the KP3 diet showed a higher fold height of the hindgut
(F3,8)=15459.01, P = 0.066), fold width (F3 g, =271.94, P =0.865), enterocyte height (F(3 gy = 299.180, P = 0.821), and
microvillus height (F3 gy = 253.57, P = 0.316).

Pond water quality

The pond water quality values of the giant gourami juvenile rearing freshwater concrete pond were recorded; water
temperatures, dissolved oxygen (DO), total alkalinity, hardness, pH, and nitrates were in the range of typical values as
given by WHO/FAO, as shown in Table 5.

Discussion

The chemical analysis of fish feed is essential because it provides valuable information to aquafeed nutritionists
concerned with readily available sources of proximate and amino acid compositions, including minerals and vitamins.
This study investigated the nutritional quality of fish feed enriched with three different formulation products and one as a
placebo. Dietary protein levels for giant gourami ranged from 19.68 to 21.70%. Overall, the crude protein content in the
feed of this study was within the ranges observed by other authors.*’~*’ The giant gourami belongs to the trophic level of
herbivorous fish.”’ Generally, herbivorous fish require a lower dietary protein level than carnivorous fish.”'*’ Reducing
the protein content of aquafeed is one method to increase continuous fish farming, by diminishing feed costs and reducing
the impact on the aquatic environment.”> The fat content of the feed ranged from 3.41 to 3.67%, which is similar to the
feed fat content for juvenile grass carp, Crenopharyngodon idella,” and lower than the feed fat content for the
herbivorous fish Ancistrus cirrhosis™ and for rearing rohu, Labeo rohita.”* At the same time, the carbohydrate content
of all feed treatments ranged from 26.37 to 31.19%, and the energy total (kg calorie/100 g) was between 234.41 and
240.87. Although protein content as an energy source for the maintenance and growth of giant gourami is relatively low,
energy can be acquired from either protein or nonprotein sources, i.e., fat and carbohydrates.

In the present study, the commercial fish feed was enriched with natural sources, i.e., formulated products of mature
coconut water and palm sap sugar fermented with various fungi (Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae). In the recent past, the dose used was 300 ml/kg of feed. This method is a new approach
that has been developed by Azrita ef al.” to improve feed nutrition and whole-body carcasses, covering fatty acids, the
atherogenic index and thrombogenic, feed efficiency, and growth performance of giant gourami. Here, we continued the
investigation by reducing the feed dose to 150 ml/kg. This study's results found that supplementing feed with newly
formulated products can increase feed nutrition, covering amino acids in diet and body meat, and the growth coefficient
of giant gourami. Several authors have reported increasing feed nutrition and maximizing the digestive enzyme activity
of aquacultured fish by providing feed supplemented with EPA and DHA,'” iodine and selenium,'’ methionine, ' fish
0il,''" and soybean oil.”” In addition, the provision of feed has been supplemented with probiotics,”’ glycine, and
prebiotics.”” In this study, mature coconut water and palm sap sugar solution fermented with various fungi were used
to supplement fish feed. In addition to coconut water and palm sugar, mushrooms also play a role in increasing feed
nutrition. However, it's better to use Rhizopus oligosporus. As in the present study, Varzakas’> and Vong et al.’® showed
that Rhizopus oligosporus can produce various extracellular enzymes. Aspergillus niger. has a high capacity to degrade
antigenic proteins, including carbohydrases, proteases, lipases, and phosphatases, when used for fermenting plant-
sourced fish feed ingredients.' >’ Saccharomyces cerevisiae is one of the most acclaimed microorganisms. Its effec-
tiveness is due to its useful composition, such as “B-glucans, nucleic acids, mannan oligosaccharides and chitin,” which
are used for fermented ingredients.’->®
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The amino acid composition can be used to assess feed quality. Leucine, arginine, and glutamic acid were the most
abundant free amino acids in the KP1, KP2, KP3, and KP4 diets. Similarly, in other studies on fish feed, such as feed for
largemouth bass, Micropterus salmoides, the feeds were supplemented with glycine, prebiotics, and nucleotides in a
soybean meal-based diet.”” Feed for pacu, Piaractus mesopotamicus, was supplemented with an essential amino acid,””
and feed for snubnose pompano, Trachinotus blochii, was supplemented with different levels of protein.®” Apparently,
supplementing feed with different ingredients is common, and in other species, leucine, arginine, and glutamic acid were
the most abundant FAAs. Conversely, methionine levels were low in all experimental feeds. Methionine is one amino
acid that must be available in fish feed because methionine is needed to protect body cells from stress. For optimal growth
of juvenile hybrid grouper, 1.89% methionine is required in the feed.'® The experimental feed contained 0.18-0.30%
methionine, but whether this amount is sufficient for the needs of giant gourami is poorly understood.

In the current study, the nonessential amino acid compositions were slightly higher than the essential amino acid
compositions in all the experimental diets. It was higher in the KP3 diet than the other diets. In contrast, the essential
amino acids of fish feed for snubnose pompano were slightly higher than the nonessential amino acids content.’ This
difference may be caused by differences between freshwater fish and marine fish. As in the present study, Prabu ef al.®’
reported that different dietary protein levels also caused different pools of FAAs, including limiting essential amino acid
types in the diet” and supplemental glycine, prebiotic, and nucleotide levels in the soybean meal-based diet.”” In the
present study, this difference in FAA content is caused by various mushrooms used in the formulated products.

Giant gourami juveniles fed the KP3 diet showed higher levels of glutamic acid, aspartic acid, leucine, and lysine and
lower levels of tyrosine, methionine, histidine, tryptophan, and cystine in their carcasses than those fed other diets. The
carcasses of giant gourami fed the KP3 diet showed the highest sum of FAAs compared to cultured fish fed the KP1, KP2,
and KP4. The differences in the FAA profile in the whole-body carcasses of giant gourami could be related to the fungus
type used in the formulated products for enriched feed. Each type of mushroom has a different function depending
on the fermented fish feed ingredients and is correlated with the whole-body carcass amino acids.'>”” The FAA profile
differences could be related to different aspects, such as diet composition,' dietary protein level,’> and methionine levels
in the diet,'® including the water quality of the ponds.®® This study does not analyse the relationship between growth
performance and FAA profile or pond water quality. Several authors have reported that the physiological parameters of
water quality and animal body composition are usually interrelated.”*°” The present study did not examine whether the
difference in FAAs in the whole-body carcass is correlated to pond water quality.

The lower weight gain of fish fed the KP1 diet compared to fish fed the KP2, KP3, and KP4 diets shows that a deficiency
of either fungus in the formulated product for the enriched diet could lower the protein content and related sum amino
acids, leading to the inhibition of giant gourami growth. In addition, it also affects feed intake and feed conversion ratios.
The low protein efficiency ratio and daily growth coefficient in fish provided the insufficient KP1 diet were perhaps due to
an amino acid imbalance. The amino acid content of the KP2, KP3, and KP4 diets increased, ranging from 16.88% to
17.91% after fermentation. The increase may be due in part to the increased protein content in the KP2, KP3, and KP4
diets, which was in line with the results of Jannatullah e al.”’ and Li et al.,"> who found that Aspergillus niger and
Aspergillus awamori fermentation increased the amino acid content of soybean meal by 2.56% and 15.56%, respectively.
In addition, Dawood et al.* stated that the essential amino acid profile was changed after fermentation by Saccharomyces
cerevisiae. This might result from the different fungi used having different utilization patterns for amino acids in this
study. It influences the growth performance and nutrient utilization of giant gourami juveniles. We found that the
methionine proportion was lower in the diets in the current study. In addition, methionine is an essential amino acid that
plays a unique role in protein structure and metabolism. B tis possible that Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae fermentation promoted the conversion of specific amino acids to methionine. However, the
exact mechanisms need to be studied further.

In the present study, the thermal growth coefficient (TGC) strongly correlated with the daily growth coefficient (DGC).
Because faster daily fish growth requires a quality diet and constant water temperature during the rearing period, in this
study, water temperature ranged from 27 to 30°C, and dissolved oxygen was between 5.8 and 6.2 mg/L. According to
Besson et al.,” higher daily energy availability in the diet can lead to faster-growing fish, which is supported by constant
water temperature and higher daily oxygen levels. The thermal growth coefficient had an essential change in environ-
mental value.”® Therefore, it was very important to keep the water temperature and dissolved oxygen constant in the
aquaculture locations. At the same time, 78 % of TGC values were determined by the condition factor connected to whole
body weight and the total fish length. TGC of Atlantic cod, Gadus morhua, is influenced by body size and condition
factors.”’

In this study, a higher value of TGC was detected in fish fed KP3; the effect is that the daily growth coefficient, and the
protein efficiency ratio is better. Conversely, decreasing TGC has two effects, i.e., a slow fish growth and lowered daily
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feed intake. Many scientists state that in aquaculture operations, net yield (kg/m®) depends upon TGC fluctuation, feed
intake, and daily oxygen consumption.®”%%?

In the present study, feed enrichment with different formulated products did not affect HIS or VFSI except in the KP3 diet.
Whereas GSI is influenced by differences in diet, it did not affect BSI. The condition factor of largemouth bass,
Micropterus salmoides (1.49-1.52%), fed enriched 1-2% EPA + DHA '7 was different from the value (0.68) reported by
Arriaga-Hernandez et al.”’ for white snook (Centropomus viridis) juveniles fed a 15% replacement of fish meal with
soybean meal. Moreover, Hassan et al.”' reported condition factor values ranging from 1.52 to 2.95 and an HSI between
1.4 and 1.5 for Lates calcarifer under different feeding rates (3-9% body weight d™'). Barbosa ef al.”” reported VSI and
LSI values of 2.24 and 3.86, respectively, for Centropomus parallelus fed a commercial diet. On the other hand, Syed
et al.** also reported HSI and VSI values of 3.41 and 4.90, respectively, for Oreochromis niloticus at different levels of
aloe vera extract as feed additives. In our study, the VSI of O. goramy ranged from 3.17 to 4.15, and the LSIs were
between 1.74 and 2.75, both higher than those recorded at different stocking densities of O. goramy.** The high content of
visceral fat observed in fish fed the KP3 diet might be explained by the diet having fat contents that exceed the needs of
giant gourami juveniles and by the reduced energy expenditure of fish that are confined to rearing frame nets. Therefore,
further analysis is necessary to determine the optimum dosage of the formulated product for the enrichment of feed to
improve the growth performance of O. goramy.

For fish, the gut plays a significant role in absorbing nutrients, which is closely related to feed utilization.'®’* Rossi
et al.”> demonstrated that the development of enterocytes affected the nutrient-absorbing efficiency of the gut of
Micropterus salmoides. Feeding Lates calcarifer juveniles with the same basal diet supplemented with 1% probiotic
yeast, Saccharomyces cerevisiae, and lactic acid bacteria, Lactobacillus casei, revealed a higher number of gut mucosal
goblet cells and increased microvillous length.”* In contrast, substituting as much as 12.5-25% soya protein concentrates
with lupin (Lupinus albus) meal in carp (Cyprinus carpio) diets does not significantly affect the villi length and villi width
of the gut.”” In the current study, enriched feed with products supplemented from coconut water, palm sap sugar, and
fungus significantly affected the micromorphology and gut size. The fold height, fold width, enterocyte height, and
microvilli of fish fed the KP3 diet were higher than those of fish fed the KP1, KP2, and KP4 diets. The KP3 diet is a
relevant formulated product to enrich commercial feed to promote the development of the gut in animal experiments,
which may somewhat describe the significant growth performance and feed efficiency used in this study.

Furthermore, the micromorphology gut size of giant gourami is smaller than that of juvenile hybrid grouper,'® turbot,
Scophthalmus maximus," largemouth bass, Micropterus salmoides,” and common carp, Cyprinus carpio.’” The trophic
food habits of fish may also affect the gut's hF, wF, hE, and hMV size because these habits are correlated with the
digestibility coefficient. Under natural conditions, giant gourami is an herbivorous fish, while grouper, largemouth bass,
and turbot are predatory fish, and common carp are omnivorous. Whether giving fish from different trophic levels the
same diet affects the size of gut hF, wF, hE, and hMV is poorly understood.

Conclusions

The present investigation observed that feed enriched with newly formulated products made from mature coconut water
and palm sap sugar, and fermented with various mushrooms, given to fish in a dose of 150 ml/kg substantially affected the
amino acid composition of the diet and whole-body carcass of giant gourami juveniles. It also affected the growth
coefficient, feed utilization, body indices, and gut micromorphology size. The thermal growth coefficient had a strong
relationship with the daily growth coefficient (+* = 91%) and a moderate relationship with the feed intake (+* = 69%). The
CP3 formulation was optimal for feed quality, and the KP3 diet was optimal for body carcass, growth coefficient, body
indices, and the ability of the intestines for feed absorption. Thus, our study also informs fish farmers about culturing good
quality giant gourami and fulfilling nutrition requirements for food security.

Data availability

Underlying data

Figshare: Underlying data for ‘Effect of feed enriched by products formulated from coconut water, palm sap sugar,
and mushroom on the chemical composition of feed and carcass, growth performance, body indices, and gut micromor-
phology of giant gourami, Osphronemus goramy (Lacepede, 1801), juveniles’. https://doi.org/10.6084/m9.figshare.
20407647.7°

This project contains the following underlying data:
- Table 1. Raw data of the experimental diets’ proximate composition

- Table 2. Raw data of amino acid of feed experimental

Page 14 of 23


https://doi.org/10.6084/m9.figshare.20407647
https://doi.org/10.6084/m9.figshare.20407647

F1000Research 2023, 12:140 Last updated: 09 OCT 2023

- Table 3. Raw data of whole body carcass proximate composition

- Table 4. Raw data of amino acid of whole-body carcass

- Table 5. Daily growth coefficient, feed utilization and body indices of giant gourami after 90 days of feeding.

- Table 6. Raw data gut micromorphology of giant gourami juveniles fed different diets for 90 days

Data are available under the terms of the Creative Commons Attribution 4.0 International License (CC-BY 4.0).
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Abstract
o Background: Please add the sentence "of juvenile giant gourami" to the end of the
sentence.

Methods: Scientific names of Aspergillus niger, Rhizopus oligosporus, and Saccharomyces
cerevisiae "please write in italic"

o Results: Please add include the regression values (r?) for the condition factor, feed intake,
and protein efficiency ratio.

> Conclusion: Please add a sentence for the condition factor and body indices to the end of
the sentence.
Introduction
o Please include the scientific name of the Azolla plant.

Please maintain consistency with the term "whole-body carcass".

o Please enhance the third paragraph by introducing or used fermented mushrooms
(specifically Aspergillus niger, Rhizopus oligosporus, and Saccharomyces cerevisiae).

Please incorporate into the seventh paragraph the second objective of the research, which

focuses on analyzing the condition factor and feed intake of giant gourami juveniles, along

with their correlation to thermal growth coefficient, body index, and gut micromorphology.
Methods:

Ethical approval part; Please explain, namely "Gurami sago" whether it is a new species or

strain.

Experimental procedures part and sampling; Please ensure consistency with the term
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"gurami sago." or changed to "giant gourami"

o Please add state the manufacturing country of the light microscope (Olympus IX71)
equipped with Image-Pro Plus 7.0 software.
Results:
> The authors have displayed data concerning intestinal micromorphology (Table 4). It is
recommended that the authors present all morphological findings related to intestinal
micromorphology in the form of images/figures.
Discussion:
Please be consistent with the name used for example giant gourami.

Conclusions:
Please include regression values for each parameter, such as the condition factor (r2=0.77)
and protein efficiency ratio (r? = 0.74).

Please maintain consistency with the term "whole-body carcass".

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Plant Botany and Ecology, Pollution, and Environmental Chemistry, The
Dynamics of the Plankton Community, fish biology, and fish nutrition.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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Azrita Azrita

Reviewer Report response by Qadar Hasani, Aquatic Resources Study Program, Faculty of
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Agriculture, Lampung University, Bandar Lampung, Lampung, Indonesia.

Abstract
1. Background: We agree to add the sentence "of juvenile giant gourami" at the end of
the sentence. These suggestions will be fixed in a new revised version.

2. Methods: We have agreed that some scientific names should be italicized as shown in
the abstract, for example Aspergillus niger, Rhizopus oligosporus, and
Saccharomyces cerevisiae. These suggestions will be fixed in a new revised version.

3. Results: We will add the regression value (r2) for each parameter if the abstract does
not exceed 300 words.

4. Conclusion: We will add the condition factor and body indices if the abstract does not
exceed 300 words.
Introduction
1. We will add scientific name of Azolla plant (Azolla pinnata) in new revised version.

2. In the new revised version, we will consistently use the phrase "whole-body carcass"

3. We have mutually decided to include the scientific names of three specific species:
Aspergillus niger, Rhizopus oligosporus, and Saccharomyces cerevisiae, in the
upcoming revised version.

4. The seventh paragraph of the new revised version will encompass the second
research objective. This objective entails investigating the condition factor concerning
the feeding of giant gourami fingerlings and its correlation with the thermal growth
coefficient, body index, and gut micromorphology.

Methods

1. Ethical Approval Section: The Sago gourami represents one of the giant gourami

strains, and we will include it in the new revised version.

2. We will consistently write "Giant gourami" in the revised version of the article.

3. We will append a newly revised version of the article with the information that Japan
is the nation where light microscopes (Olympus IX71) equipped with Image-Pro Plus
7.0 software are manufactured.

4. In order to enhance the data presented in Table 4, we will incorporate images or
figures depicting intestinal micromorphology within the new version of the revision.
Discussion
1. In the revised version, we will consistently use the name "Giant gourami".

Conclusions:
1. In the new revised version, we agreed to include the coefficient of determination (r?)
in the conclusion section, for the condition factor (r?2 = 0.77) and the protein efficiency
ratio (r2 = 0.74).
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Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Fatimah Hashim

BIOSES Research Interest Group, Faculty of Science & Marine Environment, Universiti Malaysia
Terengganu, Terengganu, Malaysia
Nor Omaima Harun
BIOSES Research Interest Group, Faculty of Science & Marine Environment, Universiti Malaysia
Terengganu, Terengganu, Malaysia

Dear authors, thank you for your paper and we appreciate the effort and contribution that you
have made to the field.

However, we noticed that your paper lacks results for the micromorphology part, which makes it
difficult to fully understand the conclusions of your study. Specifically, we're unable to fully assess
the morphological characteristics of the samples and how they relate to the overall findings.
Therefore, we suggest that you consider adding some additional data/results where necessary.
Additionally:

1. Some scientific names were not italicised.

2. The number at the beginning of the sentence must be spelt out.

3. Some literature in the introduction compares the use of coconut water on terrestrial animal
or human levels. It is better to compare with aquatic organisms that are more related to the
gourami.

4. The author should provide all morphology results on gut micromorphology (in the form of
images/ figures), not only the data measurement (Table 4.)

Additional comments from Fatimah Hashim attached here.

Additional comments from Nor Omaima Harun attached here.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
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Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Cytotoxicity, microscopy techniques, protozoology

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard, however we have
significant reservations, as outlined above.

Azrita Azrita

Reviewer Report by Fatimah Hashim, Universiti Malaysia Terengganu, Terengganu, Malaysia
Nor Omaima Harun, Universiti Malaysia Terengganu, Terengganu, Malaysia
1. Author Respond: We agree that several scientific names should be italicized as in the
Abstract: Aspergillus niger, Rhizopus oligosporus, and Saccharomyces cerevisiae.

2. Author response: We agree that when a number appears at the beginning of a
sentence, the number must be spelled out with letters, just like the example in the
Abstract where the number 100 is changed to One hundred, the number 2 liters is
changed to Two litres, and 1 litres changed to One litres.

3. Author's Response: Previously, we stated in the introduction that animals or humans
have used coconut water on land. However, no literature has been found testing the
use of coconut water on aquatic animals, including gourami. Therefore, this study
focuses on the novelty of using new product formulas for coconut water, palm sugar,
and mushroom in aquatic animals, especially giant gourami.

4. Author response: Olympus Model IX71, HBO 100W, Phase Contrast Microscopy,
Fluorite Lenses, Inverted Cell Culture, Fluorescence Microscope, Country: Japan.

5. Author response: We have prepared gut micromorphology images and are willing to
display Figure 4 in the article if the editorial team approves the addition (Please open
this link).
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