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A growing interest in more sustainable and alternative food sources has brought seaweed and macroalgae to the spotlight for the
general worldwide cuisine. Algae are often praised for their high nutritional value and are rich in potassium, calcium, and
magnesium. Abundant in base precursors, algae are particularly interesting from an acid-base perspective. Teir unique bio-
chemical composition suggests a low potential renal acid load (PRAL), which is a commonly used estimate for the amount of acid
or base a certain food produces in humans. Here, we analyzed the PRAL value of n= 106 macroalgae. Results suggested a strong
alkalizing potential, with a mean PRAL value of −86.76mEq/100 g. Te lowest PRAL values were found for Laminaria ochroleuca
(−286.78mEq/100 g), Gelidium micropterum (−268.46mEq/100 g), and Palmaria palmata (−259.16mEq/100 g). We observed
a strong inverse relationship of PRAL with algae’s potassium content (Spearman’s rho =−0.79, p< 0.001) and a moderate
relationship with algae’s calcium content (Spearmen’s rho: −0.34, p< 0.001). Our data point at a potential role for several
macroalgae as potent alkalizing marine drugs and suggest that a 10 g edible portion of some algae alone could contribute to
a substantial PRAL reduction of up to −28.68mEq.Tismight be of particular importance for individuals who beneft from amore
alkaline diet and warrants further investigation in future studies.

1. Introduction

A growing interest and awareness for more sustainable and
alternative food sources and gradual changes toward more
plant-based dietary patterns have brought seaweed and
macroalgae to the spotlight for the general worldwide cui-
sine [1]. Traditionally popular in Asia [2], macroalgae are
often praised for their high nutritional value [3–5]. Mac-
roalgae are considered good sources of fber, omega-3 and
omega-6 fatty acids, selenium, iodine, and vitamin B12
[1, 6–9].Tey are also abundant in calcium, magnesium, and
potassium [10–13].

Te combination of these nutritional features and the
biochemical composition of algae is particularly interesting
from an acid-base perspective on foods. Foods rich in alkali
precursors (particularly potassium salts and magnesium
salts) and low in phosphorus and phosphate additives are

usually characterized by a low PRAL (potential renal acid
load) value [14–16].

Te PRAL value is the most commonly used estimate for
the amount of acid or base a certain food produces in the
human body [17, 18]. Low PRAL values indicate that
a specifc food is abundant in base precursors, whereas high
values indicate that a food is rich in acid precursors [19, 20].
Typical examples of acidifying high-PRAL foods include
fsh, cheese, and meats [21, 22]. Alkalizing low-PRAL foods,
on the other hand, are largely of plant-based origin, in-
cluding tomatoes, kale, spinach, raisins, carrots, and celery
[23, 24].

Te PRAL value of diferent algae has rarely been subject
to a dedicated and systematic PRAL quantifcation in the
scientifc literature. We deemed this to be important,
however, because the popularity of seaweeds andmacroalgae
is rapidly increasing in Western societies [25–27].
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Macroalgae also have a varying nutritional profle,
depending on their origin and the surrounding environ-
mental conditions in which they grow [28, 29]. Further to
that, harvesting and processing techniques are also supposed
to afect algae’s nutrient content. As such, a “one-size-fts-
all” PRAL estimation for algae in general might be too
imprecise, and family or genus-specifc approaches are
warranted.

Here, we argue that macroalgae could be used as potent
marine drugs with strong alkalizing properties due to their
very specifc nutritional profles, which could help in of-
setting the health repercussions from a high dietary acid
load. We hypothesized that algae would be largely charac-
terized by alkalizing properties due to their high calcium and
potassium content. We also hypothesized that signifcant
diferences in PRAL between the diferent algae phyla/classes
(Chlorophyta, Rhodophyta, and Phaeophyceae) exist. Finally,
we sought to identify those macroalgae candidates with the
strongest alkalizing properties, examining their potential use
to reduce the overall acid load burden from diet.

2. Materials and Methods

2.1. Data Extraction. We extracted the nutrient content of
the examined macroalgae from previous publications in the
feld of phycology. For this, we identifed original articles
and scientifc reviews using three diferent search engines:
PubMed,Web of Science, and Google Scholar.Te following
search terms were used in various combinations during the
search process: macroalgae, seaweed, nutrients, calcium,
magnesium, potassium, phosphorus, composition, and
minerals. Te search was restricted to publications from the
last 15 years. Only articles in English language were con-
sidered. Reference lists and cross-references as well as
Google Scholar’s “cited by” function were used to capture
additional articles of interest. Only macroalgae with
a complete nutrient composition profle (including protein
and the followingminerals: calcium, magnesium, potassium,
and phosphorus) in g or mg/100 g were considered. No data
were imputed and incomplete profles for PRAL-relevant
nutrients were not considered. Te literature research was
performed in July 2023.

2.2. Potential Renal Acid Load Estimation. PRAL (in
mEq/100 g) was estimated using the commonly used and
validated formula by Remer and Manz [16]:

PRAL (mEq/100 g)= (0.49 ∗ total protein intake (in
g/100 g)) + (0.037 ∗ phosphorus intake (in mg/100 g))−(0.021 ∗
potassium intake (in mg/100 g))−(0.026 ∗ magnesium intake in
(in mg/100 g))−(0.013 ∗ calcium intake (in mg/100 g)).

Tis formula considers the average intestinal absorption
rates of anions and cations present in foods and has been
tested against urinary pH in the past [30]. PRAL values were
estimated for 100 g portion sizes (which refects the standard
procedure [31]) and 10 g portion sizes, which might be
practically relevant for a potential future application of
macroalgae as alkalizing marine drugs.

2.3. Statistical Analysis. Data were analyzed with STATA 14
statistical software (StataCorp. 2015. Stata Statistical Soft-
ware: Release 14. College Station, TX: StataCorp LP). His-
tograms and Stata’s Shapiro–Wilk test were used to check
whether the examined data were normally distributed or not.
Normally distributed data were described with the mean and
standard deviation, whereas non-normally distributed data
were described with the median and interquartile range in
parenthesis. We also used the rank-based nonparametric
Kruskal–Wallis H test to check for statistically signifcant
diferences in selected nutrients between the examined algae
phyla. A p value <0.05 was considered statistically signif-
cant. Further to that, we ran Spearman’s rank-order cor-
relations to assess the relationship between the content of
selected nutrients and PRAL for the examined algae items.
Scatterplots and separated scatter plots were created to vi-
sualize the results.

3. Results

3.1. Sample Description. We identifed n= 106 macroalgae
items with a complete nutrient profle to estimate the PRAL
[32–47]. Of these, n= 28 belonged to the Chlorophyta
phylum, n= 52 belonged to the Rhodophyta phylum, and
n= 26 belonged to the Phaeophyceae class. Te majority of
the analyzed macroalgae originated from India (n= 35),
followed by Sweden (n= 22) and Russia (n= 14).

Table 1 shows the macro- and micronutrient content, as
well as the PRAL value of these items in great detail. Te
mean PRAL value of the entire sample (n � 106 items) was
−86.76 ± 87.47mEq/100 g. Based on dry weight data only,
the mean PRAL value of the sample (n � 101 items) was
−90.69 ± 87.75mEq/100 g. Te lowest PRAL value was
found for Laminaria ochroleuca (Phaeophyceae) with
−286.78mEq/100 g, followed by Gelidium micropterum
(Rhodophyta) and Palmaria palmata (Rhodophyta) with
PRAL values of −268.46 and −259.16mEq/100 g, re-
spectively. Approximately 11% of the sample (n � 11 algae
items) were characterized by acidifying properties (as
suggested by a PRAL value >0mEq), whereas the remaining
items had alkalizing properties (PRAL values< 0mEq).

We generally observed a large heterogeneity with regard
to the calcium, potassium, magnesium, and phosphorus
content of the examined n= 106 algae items. Te median
potassium content was 2900 (3521.7) mg/100 g and ranged
from 22.32mg/100 g in Ulva fexuosa (formerly Enter-
omorpha fexuosa) (Chlorophyta) to 12480mg/100 g in
Palmaria palmata. Te median calcium content was 1035
(1351) mg/100 g and also varied considerably, ranging from
151.4mg/100 g in Pyropia tenera (formerly Porphyra tenera)
(Rhodophyta) to 8220mg/100 g in Delesseria sanguinea
(Rhodophyta). Median magnesium and phosphorus content
(in mg/100 g) were as follows: 765 (1018.48) and 214 (253).
Te median protein content was 15.4 (9.76) g/100 g and also
varied widely across the examined food items. Gracilaria
corticata (Rhodophyta) had the lowest protein content with
3.3 g/100 g, whereas Porphyra sp. had the highest with
53.9 g/100 g.
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3.2. Analyses by Phylum. We additionally compared the
PRAL-relevant nutrient content of the examined algae items
by phylum (Chlorophyta vs. Rhodophyta vs. Phaeophyceae).
For this analysis, only algae with nutrient content data based
on dry weight were considered (n= 101). Signifcant dif-
ferences between the three examined phyla were detected for
protein, calcium, and magnesium. Te highest median
calcium and magnesium content were observed for the
Chlorophyta phylum (Table 2). Te PRAL values for the
diferent phyla were as follows: −100.82 (−159.74 - (−67.35)),
−74.68 (−150.91–(−20.59)), and −105.90± 94.66mEq/100 g.
Te PRAL diferences were not statistically diferent
(p � 0.367).

3.3. Correlation Analyses. We ran multiple Spearman’s
correlations to assess the relationship between PRAL and the
micronutrient content of the examined algae items. To vi-
sualize the interrelationship, we used portion sizes of 10 g of
edible algae. As expected, a moderate and signifcant positive
correlation was found for PRAL and protein (Figure 1), with
a Spearman’s rho of 0.35 (p< 0.001). In a similar style,
Figure 2 shows the relationship between PRAL and the
potassium content of the examined algae. Hereby, a strong
and signifcant inverse relationship (Spearman’s rho� −0.79,
p< 0.001) was observed.

Figures 3 and 4 display the calcium and phosphorus
content of the examined macroalgae and their relationship
with PRAL. Calcium content was inversely associated with
PRAL (Spearmen’s rho: −0.34, p< 0.001), whereas phos-
phorus was positively associated with PRAL (Spearmen’s
rho: 0.31, p � 0.001). No signifcant relationship was ob-
served between PRAL and magnesium content (not
shown).

Figures 5–8 display phylum-separated scatterplots
visualizing the PRAL value and the content of potassium,
calcium, magnesium, and protein of each group. Apart
from magnesium, no clear clustering was observed for
the examined nutrients and PRAL values, indicating that
not the phylum but the family and genus are important
when it comes to the identifcation of alkalizing
macroalgae.

4. Discussion

Te present analysis explored the PRAL of n= 106 macro-
algae. Results largely confrmed our hypothesis that algae
have a strong alkalizing potential, with a mean PRAL value
of −86.76± 87.47mEq/100 g in the entire sample. We also
found a strong inverse relationship of PRAL with algae’s
potassium content (Spearman’s rho =−0.79, p< 0.001) and
a moderate relationship with algae’s calcium content
(Spearmen’s rho: −0.34, p< 0.001). Both are important base
precursors and can be readily found in algae. Te median
potassium content of the examined algae (2900 (3521.7)
mg/100 g) is particularly noteworthy and substantially
contributed to their low PRAL values in the examined
sample. A reservation must be made, though, that our results
could not confrm our second hypothesis: we found no

signifcant PRAL diferences between the examined algae
phyla/classes. In fact, the obtained separated scatterplots
suggested that the family and genus are potentially more
important when it comes to the PRAL value of algae.

Macroalgae and seaweed nowadays enjoy growing
popularity in Western societies [1]. Teir potential benefts
in terms of dietary acid load and their alkalizing properties,
however, have been rarely discussed. We raised the hy-
pothesis that algae could be used as alkalizing agents due to
their high content of base precursors. Te very low (and to
our best knowledge unmatched) PRAL value of many algae
supports this idea. A typical contemporary Western diet
produces between 60 and 100mEq of acid per day [48, 49].
Te human kidneys, in contrast, can only excrete 40–70mEq
of acid within 24 h [50]. Once that limit is reached, acid is
retained in the human body, with potentially harmful efects
for human health [51–56]. As summarized in a previous
review, dietary acid load has been linked to several car-
diovascular disease risk factors, unfavorable metabolic al-
terations, diabetes, and chronic kidney disease [20]. Algae
could play an important role here, as our results suggest that
the daily intake of only 10 g of algae may decrease the total
PRAL score by up to −28.68mEq, depending on the con-
sumed algae type. Tis might be of particular importance in
patients with kidney disease, who beneft from the key
features of an alkaline diet [57, 58]. A reservation must be
made, however, that the alkalizing efect of algae is likely
variable and depended on various other factors, including
harvesting and processing.

Macroalgae are also considered good sources of other
important and frequently under-consumed nutrients in the
human diet, including fber, omega-3 and omega-6 fatty
acids, selenium, iodine, and vitamin B12 [1, 6–9]. Including
them in menus on a more frequent basis could thus serve
many concomitant purposes beyond a simple PRAL re-
duction. Algae supplements of particularly alkalizing species
(Laminaria ochroleuca, Gelidium micropterum, and Pal-
maria palmata) are also a possible idea but have not yet been
tested to the best of our knowledge.

While seaweeds have been suggested as important
functional ingredients for a healthy diet [2], their high
biosorption and accumulation capacities must also be kept
in mind [1]. Some macroalgae have been reported to in-
clude high amounts of potentially harmful elements, in-
cluding (but not limited to) lead, cadmium, mercury, and
inorganic arsenic [59–61]. While a detailed discussion of
this topic is beyond the scope of this PRAL analysis, one
must keep in mind that an excessive algae consumption
could be harmful, as well. Finally, algae also stand out for
their high iodine content [62, 63]. While not contributing
to the PRAL of algae, a regular and excessive intake of
iodine could be problematic in certain individuals and
patient groups, potentially inducing autoimmune thy-
roiditis and other adverse medical conditions [64].
Whether suitable under such circumstances remains an
individual decision and warrants thorough context-specifc
considerations.

While our analysis flls a gap in the feld of PRAL and
dietetics, it has several limitations that must be considered.
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Te cross-sectional analysis does only allow for preliminary
statements, and randomized-controlled trials will be
necessary to test the alkalizing potential of algae in
a clinical setting. We also observed a large heterogeneity in
the PRAL value of the examined macroalgae. While origin
was registered, other factors were not considered in the
present analysis. Tese include harvesting techniques,
harvesting season, and processing methods to name a few.
As for the origin, we mainly investigated mainly algae

found in India (n = 35), Sweden (n = 22), and Russia
(n = 14). Additional items came from Argentina (n = 1),
Egypt (n = 13), France (n = 1), Japan and Korea (n = 3),
Portugal (n = 9), and Spain (n = 8). It is known that
macroalgae have a varying nutritional profle, depending
on their origin and the surrounding environmental con-
ditions in which they grow [28, 29]. Te diverse origin of
the examined algae items must thus be kept in mind when
discussing our results.

Table 2: Macro- and micronutrient content of n� 101 macroalgae based on 100 g dry weight.

Nutrient Chlorophyta (n� 26) Rhodophyta (n� 50) Phaeophyceae (n� 25) p value
Protein (g/100 g) 16.31± 6.75 16.05 (11.95) 10 (5.85) 0.001
Ca (mg/100 g) 1612 (2980) 647 (1160) 1160.27 (839.4) <0.001
K (mg/100 g) 2517 (2310) 3095 (4767) 3600 (4610) 0.170
Mg (mg/100 g) 1790 (1074) 557.5 (450) 813 (198) <0.001
P (mg/100 g) 210 (1498) 238.5 (239) 190 (307) 0.581
Ca�Calcium. Mg�Magnesium. K� Potassium. P�Phosphorus.
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Figure 1: Scatterplot visualizing the relationship between PRAL (in
mEq) and the protein content (in g in a 10 g edible macroalgae
portion). n� 101 algae were considered for this analysis.
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Figure 2: Scatterplot visualizing the relationship between PRAL (in
mEq) and the potassium content (in mg) in a 10 g edible mac-
roalgae portion. n� 101 algae were considered for this analysis.
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Figure 3: Scatterplot visualizing the relationship between PRAL (in
mEq) and the calcium content (in mg) in a 10 g edible macroalgae
portion. n� 101 algae were considered for this analysis.
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Figure 4: Scatterplot visualizing the relationship between PRAL (in
mEq) and the phosphorus content (in mg) in a 10 g edible mac-
roalgae portion. n� 101 algae were considered for this analysis.
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Further to that, it must be emphasized that the labo-
ratory methods to determine the nutrient content of the
examined algae items varied from study to study. Supple-
mentary Table 1 gives a brief overview about the employed

analytical methods (Supplementary Table 1). Te varying
analytical techniques must also be kept in mind when
glancing at our results and could pose a potential
confounder.

Future studies will be necessary to explore these factors
in greater detail. Despite these limitations, this analysis also
builds upon a number of strengths, including its innovative
character, the rigorous search strategy, and the modest
sample size. Nevertheless, additional studies will be neces-
sary to understand the role of macroalgae in PRAL
management.

5. Conclusion

Many macroalgae apparently exert a strong alkalizing po-
tential. Tis suggests a potential role for algae as alkalizing
marine drugs for individuals who beneft from a more
alkaline diet.
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Figure 5: Scatterplot visualizing the PRAL value (in mEq) and the
potassium content (in mg) in a 10 g edible macroalgae portion by
phylum/class. n� 101 algae were considered for this analysis.
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Figure 6: Scatterplot visualizing the PRAL value (in mEq) and the
calcium content (in mg) in a 10 g edible macroalgae portion by
phylum/class. n� 101 algae were considered for this analysis.
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Figure 7: Scatterplot visualizing the PRAL value (in mEq) and the
protein content (in g in a 10 g edible macroalgae portion by
phylum/class. n� 101 algae were considered for this analysis).
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Figure 8: Scatterplot visualizing the PRAL value (in mEq) and the
magnesium content (in mg) in a 10 g edible macroalgae portion by
phylum/class. n� 101 algae were considered for this analysis.
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