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Abstract

Plant-based protein has been increasingly demanded as a sustainable protein
source. Sea lettuce (Ulva lactuca) is one of the potential sources as plant
protein due to its high protein content. During processing, the sea lettuce
is exposed to heat which might affect its nutrition, particularly the protein
quality. This study aimed to evaluate two different cooking processes on
the nutritional quality of the sea lettuce based on the proximate and protein
quality analyses. The samples were raw, roasted, and boiled-roasted sea
lettuce. All treatment using temperature 100°C. The protein quality was
assessed by in-vitro protein digestibility, solubility, and amino acid profiles.
The result showed that boiling treatment followed by roasting treatment
had significantly higher protein content, amino acid score and essential
amino acid index, and predicted-protein efficiency ratio compared with the
value of roasting treatment only. It resulted in protein content of 18.87%
(dry basis), amino acid score of 37.96%, essential amino acid index of
79.41% and predicted-protein efficiency ratio of 2.58. Therefore, boiling
followed with roasting process is recommended to maintain the nutrition
quality of sea lettuce.
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1. Introduction

Stunting is one major nutritional problem
faced until today in many countries including Indone-
sia. About 30.8% of Indonesian children suffers from
stunting (Kementerian Kesehatan Republik Indonesia,
2018). On the other hand, Indonesia is rich in diversi-
ty of high protein marine products such as algae. Algae
are an abundant, inexpensive, and attractive resource
for food or food ingredients with high-quality protein,
dietary fiber, polysaccharides, polyunsaturated fatty
acids (PUFAs), minerals, vitamins, pigments, and phy-
tochemicals such as polyphenols (Bayomy, 2021). Sea
lettuce (Ulva lactuca) is among macroalgae species that
contains a considerable amount of protein. It has been
reported that U. lactuca contains 13-26% protein in dry
basis (Kim ef al., 2011; Pangestuti and Kim, 2015; Ra-
syid, 2017; Shpigel et al., 2017; El-Din, 2019).

It is a fast growing, cosmopolitan species, which
enables it to live everywhere. Kazir ef a/. (2019) report-
ed that Ulva sp. grows at a rate of more than 20 g of dry
weight.m?2.day"! in the Israeli Mediterranean Sea inter-
tidal zone, it ranked among the highest within photosyn-
thesizing organisms. No reports about U. lactuca grow-
ing in Indonesia, but it is abundant in Sepanjang Beach
Gunungkidul in October to January. U. lactuca is also
rich in amino acids, proteins, vitamins, and a promising
species for commercial uses (Calheiros er al., 2019). It
has higher protein content than brown seaweed (Tiwari
and Troy, 2015). Therefore, it has the potential to be
developed as a protein alternative. The complex poly-
saccharide structure and the presence of antinutritive
substances such as phytic acids, phenolic compounds,
and protease inhibitors may decrease protein accessi-
bility of U. lactuca to gastrointestinal enzymes (Kim
et al., 2011). Food processing is necessary to increase
protein accessibility to human gastrointestinal system.
Food processing using heat treatment causes partial or
complete denaturation of the original protein structure,
making the protein more accessible to gastrointestinal
enzymes for better utilization (Machre er al., 2016).

In Indonesia, U. lactuca is not cultivated but
harvested. It is usually sold locally nearby the sea and
consumed as flakes, in which it is fried at high tempera-
ture. Culinary processes greatly affects the color, fla-
vor, and nutrients content of foods (Yong et a/., 2019).
Food processing, such as boiling, steaming, and vacuum
cooking soften the Ulva rigida tissues, so it improves
its odor like cooked fish, salted and dried fish and crus-
tacean aromas (Sanchez-Garcia ef al., 2021). Frying
could reduce the amount of protein and destroy some
amino acids, changing the quality of protein composi-
tion in food. In addition, frying increase the fat content
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of the product. High temperature in cooking seaweeds
can cause a high level of oxidative reactions since the
morphology of Ulva sp. makes it highly sensitive to heat
(Chen and Roca, 2018). Therefore, an alternative pro-
cessing of sea lettuce is needed. Boiling using tempera-
ture at 100°C and roasting in 100°C is lower tempera-
ture than frying (165-185°C) (Oke et al., 2017). It can
be expected to cause less negative impact on the protein
quality. However, there is no study reported effect of
boil-roast and roast treatment on protein quality of the
U. lactuca. Therefore, this study aims to investigate the
effect of boiling and roasting on the protein digestibili-
ty, protein solubility, and amino acid composition of U.
lactuca.

2. Material and methods

2.1 Material

Fresh Ulva lactuca was collected from their
natural habitat at Sepanjang Beach, Gunungkidul
(8°8°12”S 110°34°0”E) in December 2020 until Febru-
ary 2021 (intertidal zone) (Figure 1). The samples were
rinsed using clean sea water to minimize dirt, epiphyte,
rubble, animal, and sand. The sample (10 kg) was sun
dried for about 12 hours. The samples were stored at
room temperature (29°C, RH 56%) in non-translucent
plastic bags until further analysis no longer than 2 weeks.
Three distinct treatments (uncooked, boiled-roasted,
and roasted) were applied to the samples to determine
protein digestibility, protein solubility, and amino acid
composition.
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Figure 1. The location where Ulva lactuca was collect-
ed in this study

Chemical and reagents were used such as
LC-MS grade acetonitrile, BSA standard, folin, cu-
pric sulphate, potassium tartrate, and sodium carbonate
were supplied by Merck, Germany. Analytical grade
AccQ-Tag kit and Pierce Amino Acid Standard H (2.5
mM amino acid and 1.25 mM cysteine) from Waters
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(Millford, MA, USA). L-glutamic acid, a-aminobutyric
acid (AABA), y-aminobutyric acid (GABA), trans-4-
hydroxy-l-proline, L-cysteic acid monohydrate, L-me-
thionine sulfone, cell free 13C—15N-labeled amino acid
mixture, and pepsin enzyme were purchased from Sig-
ma-Aldrich, Singapore.

2.2 Methods
2.2.1 Cooking treatments

Sun dried U. lactuca was divided into 3 groups
of treatments, i.e., raw, roast treatment, and boil-roast
treatment. Each group contained 100 gr of dried U. lac-
tuca. Roast samples were roasted using electric oven
(Kirin, Indonesia) at 100°C, 10 min. boil-roast samples
were boiled in boiling water (100°C) for 30 minutes
according to the best heat treatment time of Palmaria
pamata by Machre et al. (2016) with ratio of sun-dried
U. lactuca: water (1:2), and then roasted at 100°C for 10
min. All samples were crushed into flakes using a blend-
er to a size of approximately 1-3 mm and done in tripli-
cate.

2.2.2 Proximate composition

The proximate composition was analyzed in
triplicate according to (AOAC, 2000). In which, 2 gr
per replicate for moisture and ash content by using ther-
mogravimetric methods, 2 gr per replicate for crude fat
content by using Soxhlet extraction method, 500 mg for
each replicate for crude protein content using Kjeldahl
methods, and carbohydrate content by difference.

2.2.3 In-vitro protein digestibility

In-vitro digestion tests are used to determine
protein digestibility (Tanaka er al., 1978). About 200
mg of raw and treated samples were suspended in 9 ml
of Walpole buffer (HCL.NH,COONa; 0.1 N; pH 2) and
1 ml of 2% pepsin enzyme, then incubated for 5 hours
at 37°C, with continuous shaking at 100 RPM in an or-
bital incubator (Stuart S1500, UK). Subsequently, sam-
ples were centrifuged for 20 minutes with PLC Series
centrifuge, South Korea. Five milliliters of the super-
natant were combined with 5 ml of a 20% trichloroace-
tic acid (TCA) solution, incubated for 15 hours at room
temperature and filtered with Whatman No. 541 paper.
Kjeldahl methods were used to determine the crude pro-
teins in the filtrate. The protein digestibility was then
calculated based on Equation 1.

% filtrate protein content
% sample protein content

%Protein digestibility = ...Eq. 1
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2.2.4 Protein solubility

One hundred microliters of filtrate from in-vitro
digestibility test (2.4) then measured the solubility of to-
tal protein using Lowry-Folin methods. In a microplate,
100l of BSA standard and samples were pipped then
mixed with 200 pl alkaline solution consist of NaOH
0,1 N and Na,CO, 2% are mixed with CuSO,.5H,0 1%
solution and Na, Tartrate.2(H20) 2% with a v/v ratio of
100:1:1. Incubated mixture within 10-15 minutes. Then
20 ul Folin-ciocalteu 0.1N was added, and the mixture
was incubated for 30 minutes. At a wavelength of 650
nm, the absorbance was measured (Lowry ef al., 1951).

2.2.5 Amino acids composition

Amino acids composition was evaluated in
the accredited and certified laboratory of Saraswanti
Indo Genetech (SIG), Bogor, West Java, Indonesia.
The method uses LC-MSMS and UPLC according to
(Dahl-Lassen et al., 2018). Methionine and cystine de-
termined using LC-MSMS. L-cystic acid and L-methi-
onine sulfone 1000 mg. L' used as standard injected 7
spots using LC-MSMS with a range 0.05-1.07 mg. L
in L-methionine and 5-107 mg. L' L-cystic acid. Sam-
ples were prepared by freeze-thawing and addition of
natrium bisulfite, adjust the pH to 2.2+0.05, centrifuga-
tion (1400 RPM, 3 min) and filtering with RC 0,2 pm
filter membrane. As much as 2ul sample was injected
to LC-MSMS coupled with Imtakt Intrada Amino Acid
column, mobile phase formic acid 0.1% in acetonitrile
and ammonium formate 100mM, flow rate 0.4 ml.min"'.

Histidine, isoleucine, leucine, phenylalanine,
threonine, valine, lysine, serine, glutamic acid, alanine,
arginine, glycine, aspartic acid, tyrosine, and proline de-
termined with UPLC (Waters, Milford, USA). Samples
(0.1-1 gr) hydrolyzed with HCI, filtrated with syringe
filter 0.2 pl, added standard internals and derivatized.
Samples were then injected into UPLC using column
C18 at 49°C column temperature. Eluent accq. tag ultra
and aqua bides with gradient pump system used as mo-
bile phase. Samples were detected using PDA detector.
Tryptophan could not be identified because of its sensi-
tivity to acid hydrolysis (Motta ef al., 2019).

2.2.6 Estimation of amino acids quality

2.2.6.1 Amino acid score (AAS)

Amino acid score calculated according to WHO
(2007) using Equation 2. Whereby, a ratio between ami-
no acid in the sample and in the required pattern was
calculated:
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mg of amino acid in 1 gr test protein

AAS = . T ?
mg of amino acid in requirement pattern

...Eq.2

2.2.6.2 Essential amino acid index (EAAI)

Essential Amino Acid Index indicated the qual-
ity of amino acid composition in samples. It was calcu-
lated using the Equation 3:

EAAI = 10losEAA
...Eq. 3

EAA = 0.1 [log(al.als™..100) + (a2.a257%.100) + -+ (an.ans™. 100)
...Eq4

where:

a,a, and a_are the content of amino acids in the sam-
ple, while a, a, and a_ are essentials amino acid re-

quirements in the protein standard (WHO, 2007).

2.2.6.3 Predicted PER (P-PER)

The predicted PER was calculated by consider-
ing Leu and Tyr amino acid as mentioned in Equation 5
adapted from (Oluwaniyi ez al., 2010).

P—PER = —0468 +0.454(Len) — 0.105(Tyr) .. Eq5

2.2.7. Statistical analysis

The triplicate data was interpreted as a mean
with a standard deviation. For statistical analysis, ANO-
VA was used, followed by Duncan for mean compari-
son. Different letters in the column are statistically dif-
ferent at a significance level 95%.

3. Result and Discussion

3.1 Result

3.1.1 Proximate composition

The result showed that cooking method affect
the proximate composition of the U. lactuca flakes (Ta-
ble 1). ANOVA analysis showed that raw, boiled-roast-
ed, and roasted U. lactuca flakes had statistically signif-
icant difference (P < 0.05) in crude protein, ash, crude
fat, and moisture content. The carbohydrate content was
calculated using by-difference method. Statically analy-
sis revealed that roasting did not affect the carbohydrate
content of U. lactuca while boiling-roasting treatment
did.
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3.1.2 In-vitro protein digestibility and protein
solubility

In-vitro protein digestibility of raw sample was
53.05% (Figure 2). Meanwhile, the in-vitro protein di-
gestibility of boiled-roasted and roasted samples reach
77.31% and 78.3%, respectively, which were signifi-
cantly higher (P < 0.05) than the raw sample. Both
boiled-roasted and roasted samples showed no signifi-
cant difference (P < 0.05).

Boiling-roasting and roasting treatments in-
crease the total protein solubility of the samples from
69.92% to 78.77% in boiled-roasted samples and
84.54% in roasted samples. Cooking treatments in-
crease total protein solubility significantly (P <0.05)
and roasted treatment showed the highest total protein
solubility compared to raw and boiled-roasted samples.

3.1.3 Amino acid composition

The total amino acid of boiled-roasted samples
was 818.25 mg/gr of U. lactuca protein and roasted U.
lactuca was 804.30 mg/gr of U. lactuca protein. These
amounts were lower than raw U. lactuca, which con-
tained 899.42 mg/gr of U. lactuca protein. However,
cooking treatment increase % EAA (essential amino
acid) significantly (P < 0.05).

Estimation of amino acids quality could be
identified by calculating the essential amino acid scores
(EAAS), essential amino acid index (EAAI), and pre-
dicted-protein efficiency ratio (P-PER). Essential amino
acid scores were calculated using standard and equa-
tion from WHO (2007). The limiting of amino acids is
marked by bold letters (Table 3).

100 -
a0 | c a a 2
60
40 +
20 +
; _
Boiled-Roasted Roasted

OIn-Vitro Digestibility & Total Protein Solubility

Figure 2. Mean values of triplicates of /n-vitro protein
digestibility and protein solubility of raw, boiled-roast-
ed, and roasted U. lactuca, different letters indicate sig-
nificant differences in each measurement, n=3; ANOVA
analysis followed by Duncan with P < 0.05
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Table 1. Proximate composition of U. /lactuca flakes after cooking treatment

Treatment Raw (control) Boiled-Roasted Roasted

Crude protein (gr (100 gr DM)1) 16.29+0.24¢ 18.87+0.32* 17.22+0.18"
Ash (gr (100 gr DM)™") 39.34+0.49° 27.53+0.11¢ 38.58+0.30°
Crude Fat (gr (100 gr DM)™) 1.24+0.02° 1.43+0.01° 1.00+<0.01¢
Moisture (gr (100 gr DM)™") 19.64+0.08* 12.39+0.06° 4.41+0.02¢
Carbohydrate* (gr (100 gr DM)™) 43.14+0.32° 52.184+0.37* 43.21+0.50°

Data are the mean values + SD; n = 3; ANOVA analysis followed by Duncan with P < 0.05; Different

superscript letters in the same column indicate significant difference (P < 0.05).
*by difference, DM= dry matter

Table 2. Ulva lactuca amino acid composition of raw, roasted, and boiled-roasted U. lactuca (mg/gr of U. lactuca protein)*

Amino acids Raw Boiled-Roasted  Roasted s t:::l{:: Qv
His* 17.81+0.04* 5.69+0.02¢ 16.29+<0.01° 15
Ile* 37.87+0.01° 38.76+0.01° 35.90+0.02¢ 30
Leu* 72.20+0.04° 72.714£0.03% 67.38+0.02¢ 61
Met* 6.20+<0.01° 7.44+<0.01® 4.91+<0.01¢ 22
Phe* 69.65+0.02° 55.97+0.02¢ 59.21+0.07° 41
Thr* 56.89+0.04* 53.8340.01° 53.68+<0.01¢ 25
Val* 55.1540.04° 55.574<0.01° 51.81+<0.01¢ 40
Lys* 39.64+0.01° 37.5+0.01° 33.83+0.02¢ 48
Ser 61.0240.01° 58.47+0.04° 58.11+0.01¢ n.e.
Glu 100.55+0.12 88.24+0.09° 86.04+0.05¢ n.e.
Ala 68.27+0.09° 69.15+0.07° 63.24+0.1° n.e.
Arg 74.29+0.03° 60.46+0.04¢ 64.02+0.02° n.e.
Gly 65.56+0.01° 61.85+0.02¢ 62.334+0.02° n.e.
Asp 93.36+0.1* 85.63+0.08° 77.61+0.04¢ n.e.
Tyr 37.78+0.03? 23.7840.02° 29.96+0.02° n.e.
Pro 43.17+0.01° 43.2+<0.01° 39.96+0.02¢ n.e.
Cys n.d. 3.54+<0.01 n.d. n.e.
> TAA 899.42+0.11° 818.25+0.09° 804.30+0.12° -
Y EAA 355.4140.02* 327.47+0.08° 323.024+0.21°¢ -
% EAA 39.52+0.01¢ 40.02+0.02° 40.16+0.02* -
EAA/NEAA 0.65+<0.01° 0.67+<0.01° 0.67+<0.01° -

* n.d.: not detectable (<0.88 mg/gr of U. lactuca protein); n.e.: not established

« different letters between columns/treatments indicate significant differences, n=3; ANOVA

analysis followed by Duncan with P < 0.05
e * Essential amino acid.

e *Values presented are means of triplicates + SD; ANOVA analysis followed by Duncan with

P<0.05
y(WHO, 2007)
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Table 3. Essential amino acid scores (%), Essential amino acid index (EAAI), and P-PER of

raw, roasted, and boiled-roasted U. lactuca

Amino acids Raw Boiled-Roasted  Roasted WHO
Standard’
His* 118.76 37.96 108.6 15
Ile* 126.24 129.21 119.67 30
Leu* 122.37 123.24 114.21 61
Met+cys 28.16 49.93 22.34 22
Phe+Tyr* 262.01 194.52 217.49 41
Thr* 227.57 215.31 214.72 25
Val* 137.88 138.92 129.53 40
Lys* 88.09 83.33 75.18 48
Try* n.d. n.d. n.d. -
EAAI 46.02 51.92 51.76
P-PER 2.41 2.58 2.28

n.d.: Not determined

y(WHO, 2007)

3.2 Discussion

In general, macroalgae (or seaweeds) have a
high protein content (10-47%) (Dominguez and Loret,
2019). Cooking treatment was required before con-
sumption. Roasted and boiled-roasted treatment were
two of the most used methods to produce ready-to-eat
U. lactuca flakes. This cooking treatment may influence
the protein quality of U. lactuca flakes. Therefore, to
determine the protein quality of U. lactuca flakes, var-
ious characteristics such as proximate, in-vitro protein
digestibility, protein solubility, and amino acid profile
were evaluated.

3.2.1 Proximate composition

The crude protein content of boiled-roasted and
roasted increased by 2.58% and 0.93% compared to raw
sea lettuce, respectively. This result was in accordance
to Bayomy (2021) who reported that heat treatments on
Ulva lactuca could increase or decrease the nutrition
depending on method preparations and heat exposure
duration. Adu ef a/. (2015) showed that thermal cooking
process significantly increased crude protein of Indian
almond seed for about 2.83%. The increase was attribut-
ed to the destruction of antinutritional factors resulting
in release of nutrients.

Cooking affected the ash content of the sam-
ple. The lowest ash content was found in boiled-roasted
samples. One explanation could be during boiling, some
soluble compound including micro and macro elements
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would dissolve or leach out in water thus reduce the ash
content (Bayomy, 2021). The decrease of ash content
during washing and boiling was also reported by several
studies of Ulva lactuca from Sepanjang Beach Yogya-
karta that decrease from 35.32% to 13.63% and Caul-
erpa sp. from Tual Maluku that decrease from 1.16%
to 0.98% (Nurjanah et al., 2018; Poeloengasih et al.,
2019).

Furthermore, the decrease of ash content in
cooking treatment affected the elevation of others prox-
imate parameters namely crude protein, crude fat, and
carbohydrate. Our result demonstrated that the fat con-
tent of the boiled-roasted sample was higher than that
of the raw sample. Nwafor ez a/. (2017) reported there
was a significant effect of the thermal cooking process
(boiling/roasting) which increase crude fat of legume
seed compared to untreated samples. The application of
hot water to U. lactuca sample might be enabling the
fat content to be released from the matrices of samples.
Okibe er al. (2015) suggested that increasing trend of fat
was the result of thermal treatments due to heat break-
ing the bond between lipoprotein and polysaccharides
which cause lipids to be released and solubilized in the
extracting solvent. Thermal processing decreased the
moisture content. It caused water to evaporate during
roasting, which affects the moisture content. Boiling
treatment could increase the in-bound water in the sam-
ples that could not be evaporated by heating treatment
at 100° C for 10 minutes, so that the moisture content of
boiled-roasted samples are higher than roasted samples.
Boiled-roasted samples showed the highest carbohy-
drate content because of the leaching of ash content in
boiling treatment affected the total percentage of carbo-
hydrate that calculated by difference.
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3.2.2 Protein quality

3.2.2.1 In-vitro protein digestibility and protein
solubility

Protein digestibility was one of the parameters
determining the protein quality. Most seaweeds, espe-
cially green and red algae, seem to be an interesting and
suitable source of proteins for human and animal food
but their digestibility is limited by anti-nutrients com-
pounds such as polysaccharides (Fleurence e al., 2018).
This might be because heat treatment not only improve
the taste and texture, increase the bioavailability of cer-
tain nutrients but also decrease the anti-nutrients in sea-
weed as stated by Machre ez al. (2016).

The in-vitro protein digestibility of both the
boiled-roasted and roasted treatments were not signifi-
cantly different. It can be concluded that both boiling
and roasting treatment were recommended to increase
in-vitro protein digestibility of U. lactuca. Cordova-Ra-
mos et al. (2020) articulated that, generally applying
heat and water weakens the original structure of the
plants, resulting in a softer, less solid texture, which
probably influences the higher in-vitro protein digest-
ibility of the treatment samples.

Protein solubility was one of the parameters used
to assess the protein quality in samples. It was related
to the interaction between water molecules and peptide
bond, hydrogen bond or the side. Roasting can modi-
fy the dietary protein in raw form, wherein hydropho-
bic groups are oriented inward and hydrophilic groups
are oriented outward (Yan ef al., 2021). Polysaccha-
rides can block the nutrition (Fleurence er al., 2018),
and cooking treatment may destroy the polysaccharide
structure. Cooking treatment does not always increases
the protein solubility of samples.

The smaller particle size cause higher protein
solubility (Pereira er al., 2016). Flakes size that pro-
duced from roasted samples was small, so it increases
the protein solubility. Roasting U. lactuca flakes only 10
minutes may optimally retains protein solubility of U.
lactuca. In line with Yan e al. (2021) prolonged roast-
ing time of cashew nuts from 8 to 12 min decreases the
protein solubility. Boiled-roasted samples were high in
crude protein content but low in protein solubility be-
cause of the flake size being bigger than that of roasted
flakes size so it lowers the protein solubility.

3.2.2.2 Amino acid composition

Amino acid composition was one parameter
to evaluate the quality of food protein. The amino acid
content was affected by roasting and boiling-roasting

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

treatments. Heat treatment was responsible for reduc-
tions of protein value in meat-based foods as result of
the destruction or unavailability of the constituent ami-
no acids. Heat treatment duration contributed to the
change in amino acid contents of products (Bi ef al.,
2021). In comparison to a prior study, the Total Amino
Acid (TAA) of all samples in this investigation is still
lower than the value reported by Bikker ez a/. (2016) for
U. lactuca 998.86 mg/g of seaweed protein. The source
and handling of Bikker’s seaweeds may have contribut-
ed to the higher TAA levels because they collected and
preserved the seaweed in freeze dried condition prior to
analysis. Freeze drying can prevent the loss of critical
chemical constituents in seaweed during the drying pro-
cess when compared to conventional approaches (Bad-
mus et al., 2019).

3.3.2.2.1 Non-essential amino acids (NEAAs)

Glutamic acid of U. lactuca is the most prev-
alent amino acid composition in all samples. It elicits
umami taste by stimulating the umami receptor (Mourit-
sen et al.,2019). Boiling-roasting and roasting treatment
decrease the glutamic acid content because of released
amino acid during the process. Similar phenomenon is
reported in jackfruit seeds, in which the glutamic acid
of boiled jackfruit seeds was lower compared to the raw
(Amechi and Ngozi, 2017). Serine, arginine, aspartic
acid, and tyrosine declined during cooking treatment.
Boiling-roasting treatment increased alanine, proline,
and cystine. Roasting treatment did not increase the
non-essential amino acids in U. lactuca.

3.3.2.2.2 Essential amino acids (EAAs)

Boiling-roasting treatment significantly in-
crease Isoleucine, Leucine, and Valine content in U. lac-
tuca flake, while roasting treatment decrease the essen-
tial amino acids (Table 2). Total essential amino acids in
raw sample were 355.41 mg.gr! protein of U. lactuca,
while it decreased below 10% in the boiled-roasted and
roasted samples. Nevertheless, the relative (%) of es-
sential amino acids and ratio of EAA/NEAA of samples
after cooking treatment were higher than raw samples
because of the non-essential amino acids were lower
for the cooked samples. Similar findings were reported
in the study of Machre et a/. (2016), where the relative
of EAA of Palmaria palmata and Alaria esculenta in-
creased after the boiling process for 30 minutes.

3.3.2.2.3 Estimation of amino acids quality

Estimation of amino acids quality identified
by calculating essential amino acid scores and com-
paring with WHO standard for essential amino acid.
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Roasting decreases histidine although the amount was
still above WHO standard on amino acid requirement
(WHO, 2007). The boiled-roasted sample had lower
histidine than that of roasted sample. This cooking pro-
cess decreases the histidine to a lower level than that
of WHO standards from 118.76 % (raw seaweed) to
108.6 % (roasted seaweed) and 37.96 % (boiled-roast-
ed seaweed). This reveals that histidine content of
boiled-roasted seaweed was lower than recommended
by the World Health Organization.

The content of isoleucine, leucine, phenylala-
nine, threonine, and valine of U. lactuca varies in all
samples, but the level of amino acids was still above
WHO requirement. Methionine-cystine and lysine of
U. lactuca were below WHO requirement. AAS of
boiled-roasted samples based on methionine-cystine
content amounted to 49%, two times higher than raw
and roasted sample which made up 28.16% and 22.34%,
respectively. Maehre ez a/. (2016) also had same finding
that boiling treatment significantly increased methi-
onine and cystine of Palmaria palmata. Tryptophan was
not detected in all samples.

High quality of amino acids profile could be
determined by high essential amino acid index (EAAI)
and P-PER values. The EAAI value was considered to
be high, moderate, and low if the values scores above
90%, in the range of 70—-89% and below 70%, respec-
tively (Brown and Jeffrey, 1992). The EAAI of all the
samples of U. lactuca were below 70%, which reveals
that cooking process did not increase the amino acid
quality. The P-PER of all samples of U. lactuca ob-
tained in this study were considered high. The value was
close to P-PER of casein in milk with the value of 2.5 as
standard reference (Munro, 2002).

Boiled-roasted treatment increased the EEAI
12.82% and P-PER 7% of U. lactuca compared with
raw samples while roasted U. lactuca increased the
EEAI 12.47% and decreased the P-PER 5.4% compared
with raw samples. Boiled-roasted treatment in tempera-
ture 100°C had the good impact to increase the protein
quality of U. lactuca.

4. Conclusion

Boiling-roasting treatment of U. lactuca in
flakes production increases its protein quality as indi-
cated by its protein content, in-vitro protein digestibil-
ity, protein solubility, relative percentage (%) Essential
Amino Acid, Essential and Non-Essential Amino Acid
Ratio, and Essential Amino Acid Index compared to the
raw one. This study offers an alternative cooking meth-
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od to enhance the nutritional quality of seaweed-derived
food products.
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