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Nutrient evaluation of the seed, pulp, flesh, and peel of spaghetti squash
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Abstract

The objective of this study was to evaluate the chemical composition of the seed, pulp, flesh, and peel of spaghetti squash (SS) in
order to assess its nutritional and health benefits. Results showed that several of the following nutrients were found in significant
amounts in different parts of SS: fat, protein, amino acids like cystine, vitamins, and mineral elements like selenium in the
seeds; vitamin C and trigonelline in the flesh; and calcium and tartronic acid in the peel. Analysis of the index of nutritional
quality for Ca, P, K, Na, Fe, Zn, Vo Vo, Vo, V,, non-fiber carbohydrate, protein, fat, and dietary fiber revealed that the SS
seed, pulp, flesh, and peel are excellent sources of protein, dietary fiber, vitamin C, and minerals. The seed was a source of
several nutritional components that could improve the growth and development in children, the flesh contained components
that help to maintain blood glucose stability and assist hypoglycemic function, and the peel contributes calcium and weight-
loss products to help increase bone density and reduce weigh respectively. These results suggest that spaghetti squash makes a
source of valuable nutraceuticals.

Keywords: spaghetti squash; nutritional composition; nutritional value; index of nutritional quality; nutraceutical.

Practical Application: The manuscript summarizes the potential of the seed, pulp and peel of spaghetti squash to be commercially
used for nutraceutical applications and to be incorporated in food formulations to improve health, which helps to develop

value-added nutrition products.

1 Introduction

Spaghetti squash (SS) (Cucurbita pepo L. subsp. pepo) is a
variety of zucchini, and its shape resembles that of a cantaloupe
with a golden peel and its seed is similar to that of a pumpkin.
It is also named as ‘shark fin melon’ because its natural flesh
resembles shark’s fin. SS weighs from 2 to 4 kg and can be
distinguished by its four parts, namely the flesh, peel, pulp,
and seed, which account for 60%, 30%, 7%, and 3% of the
total weight, respectively (Zhuang, 2019; Guo, 2020). SS is an
excellent source of high-quality protein, dietary fiber, vitamins,
minerals, carotenoids, particularly p-carotene, foil acid and
other components that are beneficial to health (Han et al., 2011;
Wadas et al., 2012; Wadas & Borysiak-Marciniak, 2016). SS also
contains functional compounds such as trigonelline and tartronic
acid, which are believed to have a protective role against many
diseases, including hyperlipemia, diabetes, and cancer, and a role
in weight loss (Sun et al., 2013; Xu et al., 2016; Mohamadi et al.,
2018; Hu et al., 2019). The protein in SS is considered to be
of high-quality because of its good amino acid composition.
Moreover, SS contains a high amount of lysine, which is often
lacking in other vegetables and plant crops (Han et al., 2011).
Food supplements and nutraceuticals are considered to be high

value when derived from food sources. The term nutraceuticals
usually refers to products available in the market that has either
not been properly evaluated for their beneficial health effects
(Amin et al., 2019) or contain them in excess amounts. SS is
a rich source of nutrients and could be a potential source of
nutraceuticals.

Some researchers have discussed the effect of agronomic factors
of SS have been shown to have a significant effect on its chemical
composition of various species of squash, although there are few
studies concerning spaghetti squash. So far, the main research is to
compare the contents of sugar, carotenoid, retinol and vitamin C
in the fruit of several varieties of spaghetti spaghetti (Beany et al.
2003; Wadas & Kalinowski, 2010; Wadas et al. 2012; Wadas &
Borysiak-Marciniak, 2016), and there has been relatively little
attention paid to mineral components, amino acid, functional
nutrients (Kulczynski & Gramza-Michalowska, 2019). In China,
SSis grown mainly in Shanghai, Jiangsu, Shandong, and Anhui
provinces. Among them, the Sixian County of Anhui Province
employs a scientific planting method, which has contributed to
an increase in the production, quality, and storage time of SS.
SS is distributed widely throughout the county and country, with
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its local population receiving significant economic benefits from
the supply of its crops of SS. However, most SSs are consumed as
fresh vegetable cuisine and have a low industrial processing rate.
Therefore, research and development into SSs as a nutritional
and stable food component suitable for the dietary habits of
the Chinese population will be of profound significance for its
economic dominance.

The seed, pulp, flesh, and peel of SSs can be used as resources
for alarge number of applications; however, most of these parts
are discarded except for the flesh. Moreover, research on SS has
only focused on molecular biology, planting technology, and field
diseases. Very few studies exist with regard to the nutritional
evaluation of SS. Han et al. (2011) concluded that the flesh of
SS, which contains major nutrient components, is degraded
by boiling. Research on the nutritional value of other parts
of the SS plant in China is almost not existent. Furthermore,
awareness of nutritional importance of SS is very scarce to the
general population and it is mainly consumed locally where
it is grown. In addition, no research has been conducted to
analyze its complete nutrient profile. Comprehensive studies
on the nutritional benefits of SS are needed and will help to
better assess its importance to the well-being of populations
that consume it. Therefore, the aim of this study was to evaluate
nutrient profile focusing on both functional and basic nutrient
contents, mineral and vitamin contents, amino acid composition,
and index of nutritional quality (INQ) of different parts of SS.
This study would provide useful information on the potential
utilization of SS in formulation of health products.

2 Material and methods
2.1 Raw material

Spaghetti squash used in this study was collected at the
experimental station of Sixian Hong Cheng Aerospace Science
and Agriculture Development Co., Ltd. (Anhui, China). A total of
30 spaghetti squash of “Paiza No. 1” were selected to test. SS was
washed with running water to remove dust and mud, and then
rinsed first with deionized water and finally with ultrapure water
(South China Hi-tech Environmental Protection Technology
Co., Ltd). The peel surface was dried using a filter paper, and the
seed, pulp, flesh, and peel were separated from the SS.

2.2 Functional nutrients analysis
Trigonelline

Trigonelline content was determined using a high-performance
liquid chromatography (HPLC) method (LC-20A, shimadzu,
Japan) (Xuetal., 2010). All parts of the SS were dried, powdered,
and put into a Soxhlet extractor. Anhydrous ether (analytically
pure) was added and reflexed continuously for 12 h until it
volatilized entirely. After that, 5 g of defatted powder was
mixed with 100 mL of 70% ethanol solution, and the mixture
was extracted with in an ultrasound system for 7 min (JingQi
Co., Ltd., UC-120EB, Shanghai, China), filtered, dissolved in
chromatographic methanol, and fixed to a volume of 25 mL.
The solution was filtered through a 0.45 pm membrane filter
(Solarbio Science & Technology Co., Ltd., Beijing, China), after
which the filtrate was immediately extracted for evaluation.

The chromatographic conditions were set as follows: a
Shimadzu WondaSil-C,; column (4.6 mm x 150 mm, 5 pm)
maintained at room temperature was used, and chromatographic
separation was performed with 0.40 mmol/L aqueous solution
of phosphoric acid (chromatographic purity, pH 3.2) as the
mobile phase at a flow rate of 0.6 mL/min. The injection volume
was 10 pL. The detection wavelength was set at 265 nm, and the
following linear regression equation for trigonelline was used:
y = 22052x-57355 (R*= 0.9994) (Xu et al., 2010).

Tartronic acid

Tartronic acid content was also determined using a HPLC
method (LC-20A, shimadzu, Japan) (Xu etal., 2016). All parts of
SS were squeezed (V82, Joyoung, China), and 5 g of the juice was
placed into a 100 mL beaker; 400 mL of 50% ethanol was added,
and the mixture was transferred into a 500 mL volumetric flask,
mixed evenly, and left to stand for 30 min at room temperature.
The filtrate was then filtered and transferred into a volumetric
flask. Afterward, 30 mL of filtrate was placed into a centrifuge
tube to be centrifuged for 10 min at 4000 rpm (Anhui ustc zonkia
scientific instruments Co., LTD., HC-3018R, China). After
centrifugation, the supernatant was transferred into a 100 mL
conical flask, in which 1% calcium carbonate was added and the
pH was adjusted to 7.0 (Shanghai electronic scientific instrument
Co., LTD., PHS-3E, China). The reaction was observed in the
filtrate, the filtrate was filtered, and the precipitate was collected
after the reaction was balanced. Subsequently, 3 mL of 1% calcium
chloride solution was added to the filtrate, stood for 30 min, after
which it was filtered and the supernatant discarded. The two
precipitation materials were mixed, added with 5 mL of deionized
water, mixed again, and then washed for 10 min. After 30 min,
the supernatant was discarded. The precipitate was titrated with
0.5 mol/L diluted sulfuric acid until it was dissolved entirely, left
to stand for 4 h, and centrifuged. It was then concentrated with
arotary evaporator (Shanghai Shensheng Technology Co., LTD.,,
R-205, China), dissolved in ethanol and adjusted to a volume of
10 mL, and passed through a 0.45 um membrane filter (Solarbio
Science & Technology Co., Ltd., Beijing, China), after which the
filtrate was immediately extracted for evaluation.

The chromatographic conditions were set as follows: a
Shimadzu WondaSil-C18 column (4.6 mm x 150 mm, 5 pm)
kept at an ambient temperature was used, and chromatographic
separation was performed with 0.1% aqueous solution of sodium
sulfate as the mobile phase at a flow rate of 1 mL/min. The injection
volume was 10 pL. The detection wavelength was set at 215 nm,
and the following linear regression equation for Tartronic acid
was used: y = 2755.8x + 101053 (R* = 0.9992) (Xu et al., 2016).

2.3 Basic nutrients

Moisture, soluble sugar, reducing sugar, fat, protein, and
dietary fiber contents in the seed, pulp, flesh, and peel of SS
were determined. Moisture (g/100 g FW) was assessed using
the direct drying method (GB 5009.3-2016); soluble sugars
(g/100 g FW) was assessed using the 3,5 dinitrosalicylic acid
colorimetric method, (NY/T 2742-2015) (Chang et al., 2017);
reducing sugars, using the titration method (GB 5009.7-2016); fat
(g/100 g FW) content was determined by Association of Analytical
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Chemists (2000) AOAC method 960.39; proteins (g/100 g FW),
using the micro-Kjeldahl method (AOAC method 976.05); and
dietary fiber was determined by the AOAC method 991.43; SS
samples were also tested for ash content before and after heat
treatment (550 °C for 12 h). Non-fiber Carbohydrate content
was calculated by subtracting the sum of ash, fat, protein, and
dietary fiber contents from 100.

2.4 Vitamins

Vitamin A (V,), vitamin B, (V, ), vitamin B, (V ), and
vitamin C (V) contents in different parts of SS were assessed
using HPLC methods (GB 5009.82-2016, GB 5009.84-2016, GB

5009.85-2016, and GB 5009.86-2016) (Sun et al., 2021).

2.5 Amino acids

Amino acid contents in different parts of SS were determined
in accordance with the China National Standard (GB 5009.3-
2016). Amino acids with taste properties were calculated as
follows: delicate taste class, by the amount of glutamate and
aspartic acid; sweet taste class, by the amount of alanine, glycine,
serine, and proline; and the aromatic, by the amount of tyrosine
and phenylalanine. The amino acid composition appropriate for
adult human consumption (Food And Agriculture Organization
of The United Nations/World Health Organization , 1991) was
used to estimate the amino acid score (AAS). The recommended
levels of individual amino acids (g amino acid/100 g protein) were
as follows: valine, 5 g/100 g; methionine +cystine, 3.5 g/100 g;
isoleucine, 4 g/100 g; leucine, 7 g/100 g; phenylalanine +tyrosine,
6 g/100 g; lysine, 5.5 g/100 g; and threonine, 4 g/100 g (Liu et al.,
2017).

2.6 Mineral elements

Calcium (Ca), potassium (K), sodium (Na), iron (Fe), zinc
(Zn), and selenium (Se) contents were determined using the
ICP-MS method i (GB 5009.268-2016), and phosphorus (P) was
determined using the molybdenum blue spectrophotometric
method (GB 5009.87-2016) (Sun et al., 2021).

2.7 Index of nutritional quality (INQ)

A method utilizing the INQ to quantitatively evaluate the
nutritional quality of food has been proposed by Sun et al.
(2014). The INQ was defined as the ratio of the amount of
nutrients present in the food to the amount of total calories
in the food and was used to evaluate the specific nutritional
contribution of the food to the diet. Using the Chinese Dietary
Reference Intakes (DRIs) as a standard, the INQ was calculated
according to the following equation: INQ=(amount of nutrient
per 100 g/Chinese DRI of that nutrient)/(calories in 100 g/energy
reference intake) (Xu et al., 2017), where the Chinese DRIs for
protein, fat, non-fiber carbohydrate, and fiber are 60 g, 60 g,
300 g, and 25 g, respectively; the Chinese DRIs for Ca, P, K, Na,
Fe, and Zn are 800 mg, 700 mg, 2000 mg, 1500 mg, 15 mg, and
10 mg, respectively; the Chinese DRIs for V,, V, V_ ,and V.
are 750 mg, 1.3 mg, 1.3 mg, and 100 mg, respectively; and the
average energy intake is 2000 kcal (Liu et al., 2017).
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2.8 Statistical analysis

All data were expressed as averages and standard deviations
of three replicates and statistically analyzed using analysis of
variance. Significant differences in the contents of basic nutrients,
vitamins, amino acids and minerals among the four parts of
seed, pulp, flesh and peel were determined by Tukey’s test using
SPSS software (p < 0.05).

3 Results and discussion
3.1 Functional nutrients analysis

Trigonelline is an alkaloid that has some properties such
as antioxidant, anti-inflammatory, cholesterol-reducing, nerve-
protecting, and blood glucose-stabilizing (Gaddam et al., 2015;
Anwar et al., 2018; Khalili et al., 2018; Pravalika et al., 2019).
In this study, the flesh of SS had the highest trigonelline content,
whereas the seed had the lowest trigonelline content (Table 1).
The trigonelline content of the flesh was about 17 times that
of fresh chestnuts (Servillo et al., 2016) and 1.25 times that of
pumpkin pulp (Xu et al., 2010) (p < 0.05). The next highest
trigonelline concentration was in the pulp, which was similar
to that found in pumpkins and wax gourds. Therefore, SS can
be a recommended as a preferred vegetable for patients with
diabetes problems.

Tartronic acid, on the other hand, is a small molecular
weight organic acid that can inhibit the transformation of sugars
into fat, prevent the accumulation of fat in the body, and reduce
weight (Sun et al,, 2013; Xu et al., 2016). As shown in Table 1,
tartronic acid exhibited a significant variation in the content
among different parts of SS, and the content of tartronic acid
in the peel was 30 times that in the seed, 1.4 times that in the
pulp, and 2 times that in the flesh (p < 0.05). Therefore, SS can
be a preferred vegetable for people with obesity.

3.2 Basic nutrients

The basic nutrients (moisture, non-fiber carbohydrate,
soluble sugars, reducing sugars, fat, protein, and dietary fiber)
of the seed, pulp, flesh, and peel of SS were analyzed are shown
in Table 2, and the basic nutrient composition varied in different
parts of SS.

The moisture contents of the pulp, flesh, and peel were quite
similar, up to 95 g/100 g (fresh weight basis), and were similar to
those in watermelon (Cecilio et al., 2018), but higher than those
in Kurt pear (Pan et al., 2019). As the flesh had high moisture

Table 1. Functional nutrient composition of the different parts of
spaghetti squash (mg/100 g).

Position Trigonelline (dry basis)  Tartronic acid (fresh basis)
Seed 12.8 £ 0.275¢ 0.283 + 0.048¢
Pulp 18.6 + 0.486° 6.10 +0.202°
Flesh 23.0 £ 0.639° 4.11 £ 0.225¢
Peel 14.5 + 0.224° 8.54 + 0.123*

Note: Data are expressed as means * standard deviation. a, b, ¢, and d each represent
the significant difference in content of the same nutrient among the different parts of
spaghetti squash (p < 0.05). The number of three replicates used for calculation of means
and standard deviation values.
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content and is considered palatable and crisp, it is suitable for
use as fresh food; however, its high moisture content relatively
shortens its storage time. The moisture content of the seeds was
the lowest, at only 43.4 g/100 g, the low moisture content makes
it ideal for processing and drying into dried goods.

The amounts of non-fiber carbohydrates, soluble sugars, and
reducing sugars in the flesh were significant higher than other parts
(p < 0.05), but they were lower than those in mango, pineapple,
litchi, and other tropical fruits (Septembre-Malaterre et al.,
2016). The soluble sugar content of the flesh was also lower
than in pumpkin, sweet potato, and onion (Lebot et al., 2013).
Considering that different dietary non-fiber carbohydrate levels
can lead to different blood glucose responses, it is important to
understand the non-fiber carbohydrate profile of SS from the
perspective of nutritional status. Thus, SS can be the preferred
food for people with diabetes.

Fats and proteins are the primary materials that make up
cells, tissues and organs, and have the function of regulating
the body (de Boer and Aiking, 2019). The amounts of fat and
protein in the seeds of SS were remarkably high (p < 0.05) and
were approximately 36-, 40-, and 44-fold higher, on average,
than those of the pulp, flesh, and peel, respectively, although
the difference was not significant for the pulp and peel parts
(p > 0.05). Therefore, consumption recommendation of the
protein-rich seed of SS can be advisable to counter protein
energy malnutrition, which is common in some regions in
China. Meanwhile, the pulp, flesh, and peel of SS showed to be
poor sources of fat and thus can be useful as more suitable staple
foods for people with obesity and for preventing cardiovascular
diseases (Howard et al., 2018; Yu et al., 2018). Our findings
regarding the moisture, non-fiber carbohydrate, and protein
contents of the SS flesh were consistent with those reported by
Han et al. (2011) for Korean SS (Cucurbita pepo) flesh.

Proper intake of dietary fiber can promote digestion and
reduce cholesterol content in humans (Causey et al., 2000; Eduardo

Table 2. Basic nutrient composition of the different parts of spaghetti

Garcia-Amezquita et al.,, 2018). In this study, the dietary fiber
content of SS ranged from 0.630 (pulp) to 26.5 (seed) g/100 g.
Therefore, SS can be a good source of dietary fiber for the human
body, and its consumption may prevent gastrointestinal diseases
to a certain extent (Yang et al., 2021; Croisier et al., 2021).

3.3 Vitamins

Table 3 presents the vitamin content of different parts of
SS. The vitamin contents of the seed, flesh, and peel from the
highest to the lowest value were in the order V. >V, >V, >V,
while those of the pulp were in the order V. >V, >V, >V _.
In addition, the contents of vitamins in seed were significantly
variation from that in pulp, flesh, and peel of SS.

Therefore, the V. content of the seed, flesh, and peel were
similar, while the V_ content of the pulp was the least; these V.
contents were about 1.3 times, 0.3 times, and 6 times higher
than those of the seed, pulp, and peel part of the hybrid variety
of pumpkin, respectively (p < 0.05) (Amin et al., 2019). The V.
content of the flesh of the Chinese SS was also higher than that
of the commonly consumed Korean SS (p < 0.05) (Han et al,,
2011). Generally, these extreme variations in vitamin composition
may be attributed to the geographical differences in the plant
variety, planting period, and farming method of SS worldwide.
V_isimportant in wound healing and prevention of scurvy and
can prevent nitrates from turning into carcinogenic nitrites in
the digestive tract (Dorafshani et al., 2018).

The V, and V, contents of the seed were higher than those
of the other three parts, being approximately 3.5, 3.5, 3, and 3, 8,
and 3-fold higher than those of pulp, flesh, and peel, respectively
(p<0.05). The V content of the pulp was approximately 1 -,
8 -, and 7-fold higher than that of the seed, flesh, and peel,
respectively (p < 0.05). However, different parts of SS tested here
could be considered as less abundant sources of V,, V ,and V .
At present, most developing countries have difficulty producing
vitamin-rich food due to inadequate agricultural systems, which

squash (g/100 g of fresh matter).

Position Moisture Non-fiber Soluble sugars  Reducing sugars Fat Protein Dietary fiber
carbohydrate
Seed 43.4 +0.326° 3.66 + 0.003° 1.50 £ 0.003° 1.01 £ 0.003¢ 18.5 +0.889* 21.9+0.107* 26.5+0.997*
Pulp 95.9 +0.386* 3.45+0.001¢ 0.783 + 0.002¢ 1.10 £ 0.003¢ 0.330 £ 0.020° 1.30 £ 0.014° 0.630 + 0.020¢
Flesh 96.0 + 0.344° 4.05 £ 0.003* 1.58 £ 0.003* 3.35+0.002* 0.460 + 0.020° 0.524 + 0.005¢ 1.59 £ 0.010
Peel 94.6 + 0.363° 3.05 + 0.003¢ 1.14 £ 0.002¢ 2.58 +0.002° 0.253 +0.015" 1.41 +0.008° 2.50 + 0.066°

Note: Data are expressed as means + standard deviation in g/100 g of fresh matter. a, b, ¢, and d each represent the significant difference in content of the same nutrient among the
different parts of spaghetti squash (p < 0.05). The number of three replicates used for calculation of means and standard deviation values.

Table 3. Vitamin contents of the different parts of spaghetti squash (in mg/100 g of fresh matter).

Position v, 5 v, V.
Seed 0.283 £ 0.001° 0.154 + 0.000° 0.087 £ 0.000° 13.8 +0.055°
Pulp 0.083 + 0.000° 0.166 £ 0.006 0.026 + 0.000° 6.43 + 0.002°
Flesh 0.084 £ 0.001¢ 0.020 £ 0.000° 0.011 + 0.000¢ 15.1 £ 0.483*
Peel 0.089 + 0.001° 0.023 £ 0.001¢ 0.031 + 0.000° 15.1 £0.075*

Note: Data are expressed as means + standard deviation. a, b, ¢, and d each represent the significant difference in content of the same nutrient among the different parts of spaghetti
squash (p < 0.05). The number of three replicates used for calculation of means and standard deviation values. V, = vitamin A; V= vitamin B1; V , = vitamin B2; V_= vitamin C.

Food Sci. Technol, Campinas, v42,e70920, 2022



Original Article

Lietal.

can lead to an increased risk of diseases caused by insufficient
vitamin intake (Bouis, 2018). Although the pulp and peel of SS
are usually discarded in China, this study observed that these
parts of SS were rich in V, and can therefore increase people’s
V. intake in the long term.

3.4 Amino acid content

Protein can only be absorbed and utilized in the human
body when it is broken down into amino acids. In addition,
the different compositions of amino acid in food determine
their flavor. Table 4 reports the amino acid contents of different
parts of SS.

In this study, 17 types of amino acids needed by the human
body were detected in SS, including all the essential amino acids
(EAAs) except for tryptophan. Among them, aspartic acid and
glutamic acid had the highest content in different parts of SS.
Both aspartic acid and glutamic acid are amino acids that give
protein its acidic characteristics (Kaur et al., 2017). Moreover,
the contents of most amino acids in SS, such as aspartic acid,

glutamic acid, arginine, proline, serine, and leucine, were higher
than those in pumpkin and zucchini (Apostol et al., 2018;
Corleto et al., 2019). The abundance of these amino acids is rare
in fruits and vegetables. The results in Table 4 also indicate that
the total amino acid (TAA) and EAA contents were highest in
the seeds, followed by the peel and pulp of SS. The seeds also
contained cysteine, which was not found in the other three
parts. The AAS ranged from 2.487% (flesh) to 3.646% (peel), the
sum of phenylalanine and tyrosine was the highest, while the
amount of methionine and cystine was the lowest. Therefore,
methionine and cystine are the first-limiting amino acids in SS.

The taste properties of the amino acids in SS are shown in
Table 4. The contents of delicate taste class of amino acid (glutamate
and aspartic acid) in the seed, pulp, flesh, and peel of SS were
about 83, 14, 6, and 13 times significantly higher than those of
zucchini (p < 0.05) (Corleto et al., 2019). The contents of sweet
taste class of amino acid (alanine, glycine, serine, and proline) in
the seed, pulp, flesh, and peel of SS were about 185-, 11-, 5-,and
16-fold higher than those of celery (p < 0.05) (Corleto et al., 2019).

Table 4. Amino acid contents of the different parts of spaghetti squash (g/100 g of fresh matter).

Seed Pulp Flesh Peel
Essential and semi-essential amino acids
Lysine 0.390 £ 0.010* 0.038 +0.002° 0.012 £0.001¢ 0.049 £ 0.001°
Methionine 0.167 £ 0.006* 0.005 + 0.001° 0.001 + 0.001° 0.005 + 0.001°
Threonine 0.290 £ 0.010* 0.021 +0.001° 0.009 £ 0.001¢ 0.028 + 0.001°
Isoleucine 0.323 £ 0.006* 0.023 £ 0.001¢ 0.008 +0.001¢ 0.032 +0.001°
Leucine 0.653 £ 0.006* 0.036 £ 0.001¢ 0.012 +0.001¢ 0.044 + 0.001°
Phenylalanine 0.513 £0.001* 0.031 £ 0.000¢ 0.011 £ 0.001¢ 0.041 £+ 0.001°
Valine 0.403 £ 0.006* 0.027 £ 0.001¢ 0.010 + 0.001¢ 0.038 +0.001°
Histidine 0.213 £ 0.006* 0.015 +0.001° 0.005 £ 0.001¢ 0.020 + 0.001°
Arginine 1.40 £ 0.025* 0.095 + 0.003° 0.027 £ 0.001¢ 0.093 + 0.002°
Nonessential amino acids
Glutamic acid 1.54 £ 0.030* 0.229 + 0.004° 0.071 £ 0.001¢ 0.198 + 0.003°
Alanine 0.417 £ 0.006* 0.025 £ 0.001¢ 0.010 + 0.001¢ 0.038 £ 0.001°
Glycine 0.473 £ 0.006* 0.028 +0.001° 0.009 £ 0.001¢ 0.034 +0.001°
Aspartic acid 0.780 £0.010* 0.166 + 0.001° 0.105 £ 0.001¢ 0.164 + 0.001°
Cystine 0.120 = 0.006 ND ND ND

Proline 0.700 £ 0.010* 0.049 £ 0.001¢ 0.016 +0.001¢ 0.064 + 0.004°
Tyrosine 0.337 £0.012* 0.024 +0.001% 0.012 £0.001¢ 0.033 £0.001°
Serine 0.440 £ 0.010* 0.033 £0.001¢ 0.020 £ 0.001¢ 0.048 + 0.001°

Total amino acids 9.159 0.845 0.338 0.926

AAS (mg/g)

Valine 0.368 0.414 0.382 0.538

Methionine + Cystine 0.374 0.111 0.054 0.101

Isoleucine 0.368 0.440 0.383 0.565

Leucine 0.426 0.394 0.09 0.444

Phenylalanine+Tyrosine 0.645 0.702 0.732 0.872

Lysine 0.324 0.529 0.416 0.631

Threonine 0.330 0.403 0.430 0.495

AAS (%) 2.835 2.993 2.487 3.646
Delicate taste class 2.32 £ 0.036° 0.396 + 0.003° 0.176 £ 0.003¢ 0.362 + 0.001°
Sweet taste class 2.03 £ 0.010° 0.135 £ 0.002¢ 0.056 + 0.001¢ 0.181 + 0.002°
Aromatic 0.847 £ 0.010* 0.055 + 0.001% 0.023 £ 0.001¢ 0.074 + 0.001°

Note: Data are expressed as means + standard deviation. a, b, ¢, and d each represent the significant difference in content of the same nutrient among the different parts of spaghetti
squash (p < 0.05). ND, not detected; AAS, amino acid score. The number of three replicates used for calculation of means and standard deviation values.
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High water content and sweetness can improve the palatability
of these vegetables, but these may also reduce their shelf-life by
promoting fungal infection (Ntuli, 2019). The contents of aromatic
of amino acid (tyrosine and phenylalanine) in the seed, pulp,
flesh, and peel of SS were approximately 61, 4, 1.5, and 5 times
higher than those of yellow squash (p < 0.05) (Corleto et al.,
2019). In addition, the aromatic in these vegetables exist in
some peptide chains and are therefore important contributors
to antioxidant activity (Zou et al., 2016). The contents of these
three types of amino acids according to their taste properties were
highest in the seed and lowest in the flesh of SS. The contents
of delicate taste class in the pulp were higher than those in the
peel, while the contents of sweet taste class and the aromatic in
the peel were higher than those in the pulp. Overall, content of
delicate taste class of amino acid was the highest, followed by that
of sweet taste class. Thus, this study showed that SS contained
high-quality amino acids, eating together with other foods to
ensure complete absorption of nutrients.

3.5 Mineral content

The mineral contents of the seed, pulp, flesh, and peel parts
of SS are summarized in Table 5. Minerals are divided into two
groups: macroelements and microelements. Microelements
are essential nutrients, but their content in the human body is
very low. Therefore, the intake of microelements in the diet has
a significant influence on human health.

K, Ca, P, and Na are necessary macroelements for human
growth and development. K can stimulate neuromuscular activity
and maintain normal nerve and muscle function (Arnold et al.,
2019). In this study, the amount of K was remarkably high in
the seed of SS (p < 0.05), being 2, 2.7, and 2.8 times higher than
that of the pulp, flesh, and peel respectively. Moreover, the K
contents of the seed, pulp, flesh, and peel were approximately
2.5,1.3,1, and 0.9 times that of the peel of Mashui orange (p <
0.05) (Chen et al., 2018). These results suggest that SS is high
in potassium and thus can be consumed regularly to prevent
or control high blood pressure, reduce the risks of heart attack
and strokes, and reduce the mortality rate of heart diseases
(Dogan et al., 2019; Kajanus et al., 2019).

Ca is an essential element for maintaining the normal
physiological function of the human body, and the best source
of calcium supplement is diet. The Ca content of the peel was
1.5 times that of the seed, 4 times that of the pulp, and 3 times
that of the flesh, whereas the Ca contents of the seed, flesh, and
peel were about 8.8, 21, and 38 times that of the indigenous
variety of pumpkin, respectively (p < 0.05) (Amin et al., 2019).

The Ca contents of the flesh and peel of SS were about 3.7 and
1.27 times that of the pulp and peel parts of the banana respectively
(Oyeyinka & Afolayan, 2019).

P is one of the main components of nucleic acids and cell
membranes, making P intake also vital for human health. The P
content of SS ranged from 9.95 (flesh) to 589 (seed) mg/100g,
which is higher than that of other common vegetables. This
phenomenon indicates that SS could be a rich source of P.
In addition, Ca and P are essential components of human bones,
and low Ca and P levels have been associated with osteoporosis
and chondropathy. Therefore, regular consumption of SS can
effectively prevent osteoporotic fractures and reduce fracture
risks in the elderly and the weak (Briffa et al., 2019).

In conclusion, the contents of P, K and Ca in seed of SS of
variety “paiza No.1”, “Makaronowa Warszawska” and “Pyza”
varieties was similar and these elements in pulp, flesh and peel
of SS variety “paiza No.1” were significantly lower than those
of “Makaronowa Warszawska” and “Pyza” varieties and both
conventionally and organically grown squash in Lithuania
(p <0.05) (Wadas & Borysiak-Marciniak., 2016; Danilchenko.,
2002).This indicates that the mineral content of spaghetti squash
is affected by soil type, climate condition and geographical
location. Meanwhile the contents of P, K, and Ca in the four
parts of SS were also lower than those of varieties from Israel
and the United States (Beany et al., 2002).

The most abundant microelement in SS was Zn, followed
by Fe and Se. Zn is involved in the synthesis of nucleic acids and
proteins in the human body. It is an essential component of the
adrenocortical hormone and is important for human growth
and development. Moreover, Zn is mainly distributed in the
secretory granules of 3-cells in the islets of langerhans, which
can promote the crystallization of insulin in the human body and
effectively prevent diabetes (Okabe et al., 2018). The Fe, Zn, and
Na contents of SS seeds recorded in this study were higher than
those of Cucurbita pepo of the Miranda variety (Kulczynski &
Gramza-Michalowska, 2019), but less than those of the Korean
SS reported by Han et al. (2011).

the contents of Fe of variety “paiza No.1” were significantly
lower than those of “Makaronowa Warszawska” and “Pyza”
varieties (p < 0.05), The reason is that compared with the planting
time on May 25, the Fe content of the plant fruit sown on May
5 is higher, and the planting time of Paza No.1 SS used in this
experiment is July 25; the influence of planting time has an impact
on the Fe content of SS; in addition, the study found that when
the row spacing increases from 0.6 m to 1 m, only the Fe content

Table 5. Mineral elements contents of the different parts of spaghetti squash (mg/100 g of fresh matter).

Position K Ca p Na Fe Zn Se
Seed 470 £ 15.05* 35.3 +1.14° 589 + 1.61° 0.419 £ 0.0210° 2.70 £ 0.0950° 5.02+0.166*  0.0033 + 0.0003
Pulp 237 +11.4° 13.0 +0.188¢ 16.0 £ 0.383¢ 0.260 + 0.0015>  0.192 +0.001¢ 0.129 + 0.006" ND
Flesh 181 £ 12.0¢ 17.3 £0.0351°¢ 9.95 + 0.145¢ 0.163 £ 0.0045¢ 0.0447 +0.003¢  0.0541 + 0.000¢ ND
Peel 168 + 5.84¢ 51.9 +0.393* 43.1 +0.305° 0.201 +0.0035¢  0.353 + 0.003° 0.274 + 0.009° ND

Note: Data are expressed as means + standard deviation. a, b, ¢, and d each represent the significant difference in content of the same nutrient among the different parts of spaghetti
squash (p < 0.05). ND: not detected. The number of three replicates used for calculation of means and standard deviation values. Ca = Calcium; P = phosphorus; K = potassium;

Na = sodium; Fe = iron; Zn = zinc; Se = Selenium.
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Table 6. The index of nutritional quality of the different parts of spaghetti squash.

Position Ca P K Na Fe Zn v, Vi V., V. Cao Pro Fat DF
Seed 33 6.3 175 0.21 134 373 0.003 0.88 0.5 1 0.09 2.7 2.3 8
Pulp 147 2 1072 1.6 116 116 0.01 11 1.8 6 1 2 0.5 2.3
Flesh 196 1.3 777 1 27 49 0.01 1.4 0.8 13.8 1.2 0.8 0.7 5.8
Peel 648 6 835 1.3 234 273 0.011 1.8 2.4 15 1 2.4 0.4 10

Ca = Calcium; P = phosphorus; K = potassium; Na = sodium; Fe = iron; Zn = zinc; V, = vitamin A; V| = vitamin B1; V, = vitamin B2; V.. = vitamin C; Cao = non-fiber carbohydrate;

Pro = protein; DF = ditery fiber.

decreases. In this experiment, the spacing is 1 x 0.6 m, so the
planting spacing of SS will not reduce the Fe content (Wadas &
Borysiak-Marciniak.,2016). Aliu et al.(2012) also showed that
there was significant genetic variation in mineral composition of
different genotypes of Cucurbita pepo L. The SS seed contained Se,
which was not found in the other parts. Accordingly, the edible
seed of SS has anti-aging functions and antitumor activity and
in addition, it can also enhance human immunity (Mao et al.,
2016; Luchese et al., 2020). The most abundant microelements
content was found to be highest in the seed, followed by the
peel, pulp, and flesh. The above findings therefore indicate that
SS could be a good food source of microelements.

3.6 INQ

The content of one specific nutrient is not indicative of the
overall quality of that nutrient in food. Therefore, it is important
to perform comprehensive nutritional analyses. The INQ is
primarily used to evaluate the comprehensive nutritional value
of food (Xu et al., 2017). A food with an INQ of 2—6 for a specific
nutrient is considered a good source of that specific nutrient,
while a food with an INQ of >6 is considered to be an excellent
source of that particular nutrient (Liu et al., 2017). For different
parts of SS analyzed in this study, the INQ was calculated for
Ca, B K, Na, Fe, Zn, V,, V,, V_, V, non-fiber carbohydrate,
protein, fat, and dietary fiber (Table 6). The results showed that
SS was a rich source of minerals necessary for human growth
and development. Adequate supplementation with K, Ca, and
Fe can prevent diseases such as hypokalemia, rickets, and
anemia, respectively, as well as cardiovascular diseases such as
respiratory failure. In this study, all parts of SS except the seeds
were excellent sources of V.. Although the seed, flesh, and peel
of SS were not a good source of V , the INQ for V in the pulp
reached 11. The INQs for protein, fat, and dietary fiber in the
SS seed were also higher than those in the other three parts.
These findings suggest that SS consumption can meet people’s
requirements for some nutritional elements that are often
insufficient in other vegetables.

4 Conclusions

To the best of our knowledge, this is the study to investigate
the major nutritional and functional components of different
parts of SS, such as vitamins, amino acids, minerals, trigonelline,
and tartronic acid. The findings of this study can help assess the
potential of the seed, pulp, flesh and peel of SS for commercial
application as nutraceuticals and for their incorporation in
food formulations to improve health. In this study, it was found
that the SS seed had a high content of protein, fat, dietary fiber,

Food Sci. Technol, Campinas, v42, €70920, 2022

and amino acids as well as selenium and cystine, which were
not found in the other three parts of the vegetable. The flesh of
SS also had a high V_ content, which could help eliminate the
mutation of carcinogenic nitrosamines and provide an excellent
anticancer effect. The low non-fiber carbohydrate and soluble
sugar contents and the abundant trigonelline content of SS also
make it the right food choice for patients with diabetes. The peel
was packed with Ca, K, and tartronic acid, which can effectively
prevent osteoporotic fractures and maintain normal nerve and
muscle function.

SS could also be the preferred vegetable for weight-loss
groups due to its high tartronic acid content. SS also had high
K, high Ca, and low Na contents, which are especially suitable
for elderly and hypertensive patients. As the seed, pulp, and peel
of SS are usually discarded away, their nutrient value is wasted.
Moreover, the results of this comparative nutritional analysis
indicate that these unused parts may also be an important source
of nutraceuticals. In this study, only the nutritional components of
SS were determined and analyzed, but whether it can be processed
into nutraceuticals in the future requires further investigation.
In addition, any increase in the market demand and supply of
SS due to an increased in it as a food and nutraceutical source,
will increase interest in further investigations into its storage
and processing.
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