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Abstract

Biscuits are foods that are quite liked by the public, generally made from flour which in some countries the price of flour
is quite expensive. An innovation is needed to replace flour with other local foods that have nutritional value and other benefits if
used as biscuits. This study aimed at chemical and sensory characteristics and amino acid content in biscuits made from catfish
meal composites, purple yam flour and tapioca. The design used is a non-factorial complete random design. The biscuit was made
by using catfish flour (24 %, 47.5%, 71 %), purple sweet potato flour (24 %, 47.5%, 71 %). All treatments added 20% tapioca and
5% moringa flour. Sensory quality analysis was performed by organoleptic test with hedonic scale 5 scale by 50 untrained
panelists covering color, aroma, texture, taste, and overall acceptability. The results of the sensory test showed that the panelists
preferred biscuits made with a ratio of 47.5:47.5 which is formula 2. The nutritional content of biscuits is above PMT biscuits
from the government. The resulting biscuits contain 15 types of amino acids. Catfish meal, ung sweet potato meal and tapioca

affect chemical and sensory characteristics.
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1. Introduction

Bakery products are ready-to-eat processed
products such as bread, biscuits, pastries, crackers and cakes
that are widely consumed throughout the world. Bakery
products are no longer considered a luxurious tea snack, but
have become an important component of the population's
food profile [1]. Biscuits are small baked products made
from flour, sugar and fat, have a low moisture content
usually less than 4% and so have a long shelf life of about 6
months or more[2]. The main ingredients of biscuit dough
are soft wheat flour, sugar, fat, and water. It is mixed with
other small ingredients (such as baking powder, skim milk,
emulsifiers, and sodium metabisulfite) to form a dough
containing well-fluffy gluten tissue[2]. The use of flour in
biscuit dough is because flour has unique rheological
properties that affect the quality of biscuits[2]. In some
countries including Indonesia, flour is still imported from
other countries so the price is quite expensive. There needs
to be innovation to replace flour with local food ingredients
but still provide good quality in the biscuits produced[3],[4].
Many food crops such as cocoyam, cassava, yam, sorghum,
peanuts, soybeans, maize and bambara peanuts and others
can be used to partially replace imported wheat flour used
for the production of biscuits, bread and other bakery
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products[5]. The nature and quantity of ingredients in the
dough determine the quality of the biscuit. Several
researchers have described the effect of the main ingredient
in the biscuit dough system on the final product[6,7,8,9].
Several studies have been conducted to substitute flour with
local local foods such as using almond flour and coconut
flour[10,5] fish protein concentrate[11,5,12] peanuts and
mushrooms [11,12,13]. Based on the main ingredients of
biscuits, it can be seen that biscuits contain more fat and
carbohydrates. To make biscuits a healthy snack for toddlers
who are growing, it is necessary to add other ingredients as
a source of protein. Given that Indonesia still imports wheat
flour, it is necessary to make modifications to replace wheat
flour with local food ingredients such as purple sweet potato
flour. The basic ingredients of wheat-based bakery snacks
are characterized by low content of lysine, methionine, and
threonine. To increase this nutritional value wheat flour is
combined with other ingredients, such as: proteins (animal
and vegetable), lipids, sugars, emulsifiers, as well as
processing conditions largely determine the quality of
biscuits [1].

Fish that are quite popular with the public, easy to
get and cheap prices are catfish. Catfish is one source of
food that contains high nutritional value such as protein
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(19.03%), fat (8.10%), carbohydrates (0.5%), energy (151.1
kcal / 100 grams), vitamins and minerals as well as omega 3
and omega 6 fats [14]. In addition, catfish also contain
amino acids and other nutrients that are easily absorbed by
the body. So far, catfish is only consumed as a side dish in
daily food. Turning catfish into flour will add to the selling
value of catfish. Catfish meal can be used for various food
products, one of which is biscuits[14,15,16]. In addition to
the addition of fish meal, the addition of purple sweet potato
flour will add nutritional value to biscuits. Purple sweet
potatoes contain complex carbohydrates, proteins, fats,
calcium besides purple sweet potatoes contain a source of
vitamins, namely vitamins A, C, B1l, and B2 and the
minerals contained are iron (Fe), phosphorus (P), sodium
(Na), calcium (Ca) [17,18,19]. Sweet potatoes that can
improve malnutrition are B6 and folic acid to optimize brain
work for toddlers, and anthocyanins stored in purple sweet
potatoes can block the rate of cell damage in the body [20]
[21]. In addition, purple sweet potatoes also contain
essential amino acids that are needed by the body [18].
Tapioca is also widely used in the manufacture of biscuits to
replace flour [22,23]. Tapioca is cassava starch (Manihot
usculenta,Crantz) in contrast to tapioca flour[22,24].
Tapioca flour is defined as a product obtained in the form of
cassava starch granules, and when subjected to appropriate
technological processing, it is found to form irregular,
polyhedral or spherical grains [22]. Tapioca contains about
87% carbohydrates, 1.1% protein, 0.1% fat and 0.1% fiber
[25]. This study aims to analyze the chemical and sensory
characteristics of biscuits made from catfish meal, purple
sweet potato flour.

2. Materials and methods

The type of research wused is laboratory
experimental research using a non-factorial Complete
Randomized Design (RAL) with 3 treatments (Formula 1, 2
and 3). The manufacture of biscuits is carried out at the
Food Technology Laboratory of the Department of
Nutrition, Poltekkes, Ministry of Health, Palembang and for
nutritional value analysis at the Saraswanti Indo Genetech
Bogor Laboratory. The proximate values (protein, moisture
content, crude fiber, fat, ash, and carbohydrates) of biscuit
samples were determined using the AOAC method (1995).
Analysis of water content by gravimetry, protein content
using the Kjeltec method, fat content using the Weibull
method, folic acid using the UPCL method, carbohydrates
with by difference, and total energy with calculations. The
organoleptic test was tested on 50 untrained panelists in a
sensory laboratory. The scale that the hedonic test uses is 5
= very like, 4 = like, 3 = neutral, 2 = dislike, 1 = strongly
dislike. The main ingredients used to make biscuits are
catfish meal, purple sweet potato flour, moringa flour,
tapioca. Catfish meal is made using catfish fillets dried at
70°C for 6 hours. Purple sweet potato flour is made using
purple sweet potatoes originating from the Pagaralam area
of South Sumatra then dried at 70 °C for 6 hours. Other
ingredients are purchased at supermarkets in Palembang
City. Tools used include cabinet dryers, Modena brand
ovens, Philips brand mixers, spatulas, pans, biscuit molds.

3. Results and Discussions
3.1 Sensory Characteristics
3.1.1 Color
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Average biscuit color score score formula 1 (3.56),
formula 2 (3.68), formula 3 (3.64). The results showed that
formula 2 was the most preferred formula by the panelists.
Formula 2 produces biscuits that are browner compared to
other formulas. Formula 2 uses more purple sweet potato
flour. When the carbohydrate roasting process in purple
sweet potato flour undergoes a caramelization process so
that the biscuits become brown.

3.1.2 Aroma

Average score value of biscuit aroma formula 1
(2.96), formula 2 (3.52), formula (3.48). The results showed
that formula 2 (F2) on the aroma aspect was most preferred
by the panelists. Formula 2 produces the right aroma, no
fishy smell, catfish meal, and there is a fragrant aroma of
purple sweet potato flour. Protein in catfish when heated
will produce a distinctive aroma. With the addition of purple
sweet potato flour, the resulting aroma becomes more
fragrant.

3.1.3 Texture

Average biscuit texture score value formula 1 (2.88),
formula 2 (3.28), formula (3.24). The results showed that
formula 2 (F2) on the aspect of texture was most liked by
the panelists. The texture of formula 2 biscuits is crispier
than formula 1 and 3. This crispier texture is due to the use
of catfish meal and purple sweet potato flour with the right
composition. Moreover the use of sugar in biscuit products
will affect the texture of [26,27,28,29,30].

3.1.4 Taste

Average biscuit flavor score value formula 1 (3.00),
formula 2 (3.46), formula 3 (3.24). The flavor that the
panelists liked the most was formula 2. Taste has an
important role in a food product. The taste that consumers
like will make the product will be consumed by consumers
well. The taste of biscuits in formula 2 has the right
sweetness so it is preferred. This sweetness is due to the use
of purple sweet potatoes that have a sweet taste.

3.2 Content of Gizi Biskuit Value
Biscuit proximate test results as in Table 2.

3.2.1  Protein Content

The results of the proximate test showed that
biscuits made with a mixture of catfish meal, purple sweet
potato flour and taipoka had a fairly high protein content of
13.30% per 100 grams of biscuits. Compared to the results
of previous studies that stated biscuits with the addition of
fish extract as much as 5% had a protein content of 12.50%
[11]. Other research results also showed biscuits added fish
meal consentrat protein levels became much higher than
protein  without the addition of fish  protein
[30,31,32,33,34,35,36]. Proteins are nitrogen-containing
substances formed by amino acids. Protein serves as the
main structural component of muscles and other tissues in
the body. Plays a role in producing hormones, enzymes and
hemoglobin [37].

3.2.2 Fat Content

Fat as an important element in the process of making
biscuits, the function of fat in making biscuits is as an
emulsifier, flavor shaper and texture former. The fat in this
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biscuit formula comes from catfish meal and margarine. is needed by the body to produce energy and metabolize
Based on the proximate test table above, the fat content in other nutrients. Catfish contain omega 3 and omega 6 fats
catfish meal biscuits and purple sweet potatoes is 23.15%. which are important for children's brain development [16].

This high fat content in addition to margarine also comes
from catfish meal with a fat content of 8.1% 14. Fat in food

Figure 1: Average Biscuit Color Score
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Figure 3: Average Score of Biscuit Texture Score
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Figure 4: Average Biscuit Flavor Score

Table 1: Biskuit Proxymat Content per 100 Gram

Parameter amount
Protein Content (%) 13.30
Fat level (%) 23.15
Carbohydrate Content (%) 54.08
Ash Content (%) 4.95
Water content (%) 4.52

Table 2 Biscuit Amino Acid Content per 100 Grams

No Amino Acid Unit Amount
1 L-Serin mg / kg 6833.79
2 L-Asam Glutamat mg / kg 18205.66
3 L-Fenilalanin mg / kg 741341
4 L-Isoleusin mg / kg 7464.2

5 L-Valin mg / kg 7743.51
6 L-Alanin mg / kg 7541.68
7 L-Arginin mg / kg 8791.98
8 Glisin mg / kg 8043.91
9 L-Lisin mg / kg 9588.95
10 L-Asam Aspartat mg / kg 12007.38
11 L-Leusin mg / kg 11205.59
12 L-Tirosin mg / kg 3985.13
13 L-Prolin mg / kg 5636.98
14 L-Treonin mg / kg 7874.90
15 L-Histidin mg / kg 4141.77
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3.2.3 Carbohydrate Content

The main source of carbohydrates in food comes
from plants which are the main source of energy found in
the form of starch (amylum) and sugar substances (mono
and disaccharides)[18]. Based on Table 3 that the
carbohydrate content in catfish meal biscuits and purple
sweet potatoes is 54.08%. These carbohydrates come from
purple sweet potato flour and tapioca.

3.2.4 Folic Acid

High folic acid content in biscuits can contribute to
toddler needs of 113.38 mcg of folic acid nutritional

adequacy in toddlers (6-59 months) 65-200 mcg per day
which can improve memory, improve brain nerve
development and improve motor nerves.

3.2.5 Asam Amino

The amino acid content in the biscuits produced
can be seen in Table 3. The amino acid content in biscuits is
as many as 15 types of amino acids. This amino acid is very
important for toddlers, especially those who are
malnourished. Amino acids are organic compounds that
contain amino groups and acids[38]. Amino acids are the
building blocks of proteins and the end result of protein
digestion. The body needs about 22 kinds of amino which
among them cannot be made by the body and must be
obtained from dietary supplements, namely: lysine,
methionine, leucine, threonine, valine, tryptophan,
isoleucine, and phenylalanine [39,37,40,41]. Animal food
sources contain more essential amino acids than plant
foods[40]. The combination of animal and vegetable food
sources will complement each other sources of essential
amino acids [38]. The amino acid Lysine serves for bone
formation, hormone production and lowers serum
triglyceride levels. Arginine and histidine are important for
growing children up to age 5 years. FAO / UN / WHO
(2013) states that arginine, lysine, histidine, glycine,
isoleucine, leucine, glutamic acid and tyrosine can be used
as a basis for the fulfillment of human nutritional adequacy
[42]. Arginine is a non-essential amino acid that helps
maintain the body's nitrogen balance, is involved in
detoxification processes, maintains glucose balance,
accelerates wound healing and bone repair[43]. Carnitine
plays an important role in fat metabolism and energy
production, in addition to maintaining heart health, weight
management, sports nutrition and fertility38. Cysteine is a
non-essential amino acid that contains sulfur antioxidant and
detoxifying properties that can ward off free radicals and
toxins. It also functions in DNA repair, nails, coolies, and
hair[43]. Glutamine is the most abundant amino acid in the
body, sometimes considered unimportant which if the body
is in normal circumstances the body can synthesize glutamic
acid in sufficient quantities. If the body is under stress such
as illness, diet, injury or other trauma the body cannot make
glutamine[39]. Lysine as an essential amino acid serves to
help form collagen and repair tissues in the body. Plays a
role also in producing energy, building muscle protein and
tissue repair. Lysine is also needed for antibody formation,
bone formation and hormone and enzyme production[39].
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Phenylalanine is a recursor of the neurotransmitter
norepinephrine and the hormone CCK (Cholecytokinin)
which will send a message to the brain that it feels full after
eating. Norepinephrine reduces hunger and helps create
positive feelings and mental health. It is needed also by the
thyroid gland and blood vessels [38]. Tryptophan is needed
by the brain to produce serotonin, a neurotransmitter that
can reduce pain, antidepressants and reduce anxiety and
tension 38. Tyrosine is important in red and white blood cell
regeneration, cell and tissue development and adrenal
activity, hyfpophysis and thyroid gland [39]. Branched
chains (leucine, isoleucine, valine) are amino acids
metabolized in muscles acting as nitrogen carriers to help
muscles synthesize other amino acids. It also functions in
circulating glucose to be used as energy and also pushes all
other amino acids into the otor to build more tissue [39,44].
Deficiency of essential amino acids will lead to decreased
protein synthesis in cells and tissues, especially skeletal
muscle. Protein in the body is needed to: 1) digest and
absorb nutrients through the small intestine, 2) transport
nutrients (especially long-chain fatty acids, vitamin A and
iron) and other molecules such as cholesterol and
triglycerides, 3) oxidize nutrients (including fatty acids and
glucose) into water and carbon dioxide. Nutritional
problems that occur include deficiencies of essential amino
acids and micto nutrients including vitamin A, iron, zinc and
folic acid[38, 41].

4. Conclusions

The addition of catfish meal, purple sweet potato
flour and tapioca affects the sensory and chemical properties
of biscuits.

References

[1] W. Btaszczak, J. Fornal, A. Ramy. (2004). Effect
of emulsifiers addition on dough properties, baking
quality and microstructure of biscuits. Polish
journal of food and nutrition sciences. 13(4): 343-
348.

[2] D. Manley. (2001). Biscuit, cracker and cookie
recipes for the food industry. Elsevier.

[3] E. Garcia-Serna, N. Martinez-Saez, M. Mesias, F.J.
Morales, M.D. del Castillo. (2014). Use of coffee
silverskin and stevia to improve the formulation of
biscuits. Polish journal of food and nutrition
sciences. 64(4).

[4] Z.S. Ahmed, A.M. Hussein. (2014). Exploring the
suitability of incorporating tiger nut flour as novel
ingredient in gluten-free biscuit. Polish journal of
food and nutrition sciences. 64(1).

[5] J. Okoye, P. Ojimelukwe, A. Ukom. (2016). Amino
acid composition and protein quality of wheat flour
biscuits fortified with soybean and Bambara
groundnut flours. Global Journal of Engineering
Science and Researche. 3: 8-19.

[6] H. Mamat, S. Hill. (2018). Structural and
functional properties of major ingredients of
biscuit. International food research journal. 25(2).

[7] A.K. Dhakad, M. Ikram, S. Sharma, S. Khan, V.V.
Pandey, A. Singh. (2019). Biological, nutritional,
and therapeutic significance of Moringa oleifera
Lam. Phytotherapy Research. 33(11): 2870-2903.

199



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

International Journal of Chemical and Biochemical Sciences (1JCBS), 25(13) (2024): 195-201

P. Binou, A.E. Yanni, K. Kartsioti, A.
Barmpagianni, P. Konstantopoulos,  V.T.
Karathanos, A. Kokkinos. (2022). Wheat biscuits
enriched with plant-based protein contribute to
weight loss and beneficial metabolic effects in
subjects with  overweight/obesity.  Nutrients.
14(12): 2516.

E.S.H. Al-Janabi, S.S. Yasen. (2022). Study of the
Functional, Physical and Sensory Properties of
Wheat Flour, Orange Peel Powder and
Manufactured Biscuits. Eurasian Medical Research
Periodical. 8:7-17.

N. A. Abimbola. (2017). Production, microbial and
sensory qualities of biscuits produced from wheat-
coconut-almond flour blend. International Journal
of Food Sciences and Nutrition. vol. 2, no. 6, pp.
135-138.

S. lbrahim. (2009). Evaluation of production and
quality of salt-biscuits supplemented with fish
protein concentrate. World Journal of Dairy &
Food Sciences. 4(1): 28-31.

G. Oyet, B. Chibor. (2020). Amino acid profile,
mineral bioavailability, and sensory properties of
biscuits produced from composite blends of wheat,
coconut and defatted fluted pumpkin seed flour.
European Journal of Agriculture and Food
Sciences. 2(6).

H.A. Eissa, A. Hussein, B. Mostafa. (2007).
Rheological properties and quality evaluation on
Egyptian balady bread and biscuits supplemented
with flours of ungerminated and germinated
legume seeds or mushroom. Polish journal of food
and nutrition sciences. 57(4): 487-496.

A. Nassar, S. Souzan, H. Abdel-Aal, H. Abdel-
Mobdy. (2021). Nutritional value of african catfish
(Clarias gariepinus) meat. Asian Journal of Applied
Chemistry Research. 8(2): 31-39.

N. M. Dale. (2001). Nutrien Value of Catfish Meal.
Poultry Science Association. vol. 10, pp. 252—-254.

E.H. Robinson, M.H. Li. (2015). A brief overview
of catfish nutrition. Mississippi Agricultural &
Forestry Experiment Station. vol. 24, no. 16, pp.

N. Shaari, R. Shamsudin, M.Z.M. Nor, N. Hashim.
(2021). Quality attributes of Malaysia purple-
fleshed sweet potato at different peel condition.
Agronomy. 11(5): 872.

N. Kurnianingsih, R. Ratnawati, T.A. Nazwar, M.
Ali, F. Fatchiyah. (2020). A Comparative Study on
Nutritional Value of Purple Sweet Potatoes from
West Java and Central Java, Indonesia. Journal of
Physics. Conference Series. IOP Publishing: 2020;
p 012011.

S. Nurdjanah, S.U. Nurdin, S. Astuti, V.E. Manik.
(2022). Chemical components, antioxidant activity,
and glycemic response values of purple sweet
potato products. International Journal of Food
Science. 2022.

H. Ji, H. Zhang, H. Li, Y. Li. (2015). Analysis on
the nutrition composition and antioxidant activity
of different types of sweet potato cultivars. Food
and Nutrition Sciences. 6(01): 161.

E. Cuevas, M. Silke, H. Peter. (2011).
Anthocyanins in Purple Sweet Potato ( Ipomoea

Hartati et al., 2024

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

batatas L .) Varieties, Fruit, Veg. Cereal. Journal of
Biotechnology. December, pp. 0-5.

S.d.S. Montes, L.M. Rodrigues, R.d.C.V. Cardoso,
G.P. Camilloto, R.S. Cruz. (2015). Tapioca and
rice flour cookies: technological, nutritional and
sensory properties. Science and Agrotechnology.
39: 514-522.

H. Lu, L. Guo, L. Zhang, C. Xie, W. Li, B. Gu, K.
Li. (2020). Study on quality characteristics of
cassava flour and cassava flour short biscuits. Food
science & nutrition. 8(1): 521-533.

T.P. Vijayakumar, P. Boopathy. (2014).
Optimization of ingredients for noodle preparation
using response surface methodology. Journal of
Food Science and Technology. 51: 1501-1508.

O B. C. ljioma, N. C. Ihediohanma , D. C. Okafo,*
, C. E. Ofoedu and C. N. Ojimba., “Physical,
Chemical and Sensory Attributes of Tapioca Grits
from Different Cassava Varieties,” Asian J. Agric.
Food Sci., no. March, pp. 2321-1571, 2016, doi:
10.13140/RG.2.2.14481.33129..

R. Van der Sman, L.J. Mauer. (2019). Starch
gelatinization temperature in sugar and polyol
solutions explained by hydrogen bond density.
Food hydrocolloids. 94: 371-380.

R. van der Sman, A. Jurgens, A. Smith, S. Renzetti.
(2022). Universal strategy for sugar replacement in
foods? Food hydrocolloids. 133: 107966.

C.H.C. Yeung, P. Gohil, A.M. Rangan, V.M.
Flood, J. Arcot, T.P. Gill, J.C.Y. Louie. (2017).
Modelling of the impact of universal added sugar
reduction through food reformulation. Scientific
reports. 7(1): 17392.

H. McCain, S. Kaliappan, M. Drake. (2018).
Invited review: Sugar reduction in dairy products.
Journal of Dairy Science. 101(10): 8619-8640.

B. Abraha, A. Mahmud, H. Admassu, F. Yang, N.
Tsighe, M. Girmatsion, Y. Xu. (2018). Production
and quality evaluation of biscuit incorporated with
fish fillet protein concentrate. Journal of Nutrition.
8(6): 1000744.

G. Mohamed, A. Sulieman, N. Soliman, S.
Bassiuny. (2014). Fortification of biscuits with fish
protein concentrate. World Journal of Dairy &
Food Sciences. 9(2): 242-249.

D. DIB Manik, N. Nuryanto, B. Panunggal, D.N.
Afifah. (2020). Formulation of complementary
feeding biscuits with yellowfin fish flour (Thunnus
albacares) and terubuk flour (Saccharum edule
Hasskarl) to improve nutritional status of children
in Papua.

F.M. Diana, R. Rimbawan, E. Damayanthi, M.
Dewi, V. Juniantito, N.I. Lipoeto. (2020). Effect of
Biscuits Enriched with Bilih Fish (Mystacoleucus
padangensis) on Growth of Experimental Rats.
Journal of Nutrition and Food.. 15(1): 11-18.

S. Widodo, S. Sirajuddin. (2017). Biscuit
Formulation with Addition of Mozambique Tilapia
Fish, Round Sardinella Fish and Brown Rice.
International Journal of Scientific Research. 6(8):
1699-1704.

K.U. Thalib, S. As’ad, H. Hidayanti, M. Ahmad,
A.N. Usman. (2021). Anchovy fish biscuits

200



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

International Journal of Chemical and Biochemical Sciences (1JCBS), 25(13) (2024): 195-201

improve adolescents nutritional status. Gaceta
Sanitaria. 35: S295-S297.

A. Thamrin, A. Adam. (2021). Nutrient Content
and Acceptability of Biscuits Subtitutes from Flour
of Mackerel Fish (Rastrelliger Kanagurta L).
Medico-Legal Update. 21(2).

J.R. Hoffman, M.J. Falvo. (2004). Protein—which is
best? Journal of sports science & medicine. 3(3):
118.

Y. Hou, G. Wu. (2018). Nutritionally essential
amino acids. Advances in Nutrition. 9(6): 849-851.
P. Champe, R. Harvey. (2005). “Amino Acids,”
Huntingt. Al Ameen Journal of Medical Sciences.
vol. 96, no. pp. 1-12, 2003, [Online]. Available:
http://doi.wiley.com/10.1002/14356007.a02_057.p
ub2.

Y. Hou, Y. Yin, G. Wu. (2015). Dietary essentiality
of “nutritionally non-essential amino acids” for
animals and humans. Experimental Biology and
Medicine. 240(8): 997-1007.

G. Wu. (2013). Functional amino acids in nutrition
and health. In Springer. Vol. 45, pp 407-411.

F. Consultation. (2011). Dietary protein quality
evaluation in human nutrition. FAO Food Nutr.
Pap. 92: 1-66.

P. Champe, R. Harvey. (2003). Amino Acids.
Amino Acids. vol. 96, no. 2005.

S. Sowers. (2009). A primer on branched chain
amino acids. Huntington College of Health
Sciences. 5: 1-6.

Hartati et al., 2024

201


http://doi.wiley.com/10.1002/14356007.a02_057.pub2
http://doi.wiley.com/10.1002/14356007.a02_057.pub2

