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The cassava plant is known for its numerous medicinal
and nutritional benefits. This study used cassava to
enhance the nutritional content of milk and enrich it with
amygdalin (vitamin B17). Properties associated with
amygdalin include anticoagulants, atherosclerotic,
hepatic protective, anti-tumor, antidiabetic, antifungal,
anti-inflammatory, anticancer, antibacterial, anti-aging,
and antioxidants. Cassava paste was prepared by boiling
its roots in water for 1 hour and subsequently mashing
them. Raw cow’s milk, 5 % sugar, and 1 sachet of
vanilla (1 gm) were mixed and heated at 80°C for 10
minutes. Fresh and refrigerated samples were tested for
amygdalin concentrations at 6 = 1°C. The amygdalin
content in 5% cassava milk was 3.51 + 0.01 mg/100 g
and 3.52 + 0.01 after 1 week of refrigeration (6 1°C).
Whereas, for 10% cassava milk it increased from 7.01 +
0.01 mg/100 g when freshly prepared to 7.02 £ 0.02 after
Iweek’s refrigeration at 6 = 1°C. This slight increase
could be attributed to water evaporation during the one-
week refrigeration.
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Introduction

Cassava belongs to the Plantae kingdom, of the Euphorbiaceae family called genus
Manihot, and of the M. esculenta species (25). It is found in Mexico and Central
America and recognized as manioc, mandioca, or yucca in South America and
tapioca in Asia (19). Cassava is a significant tropical crop that grows on more than 30
million hectares and produces over 315 million tons of crops annually. Africa
produces 65% of the world's cassava, with Nigeria being the leading producer at up to
20% of the total (29). Angola, China, Brazil, Ghana,
Mozambique, Indonesia, Thailand, and Vietnam are some of the other main cassava
producers (29).
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Over 800 million people in rural regions rely on cassava as a key source of food
and income due to its high carbohydrate content and its ability to grow in poor soil
(27). After wheat, rice, potatoes, and maize, it is one of the main sources of staple
food for human consumption. It is also used to make commercial starch and
biodegradable polymers and for animal feed. A flowering, hardy perennial shrub
native to South America, cassava was domesticated some 8000 years ago and
introduced to West Africa by Portuguese traders in the sixteenth century (26).
Research revealed that humans consume 70% of the cassava crop, with the other 30%
being used by industry to make starch, glucose, and alcohol for producing paper,
adhesives, and textiles (10). Cassava output has increased to almost match that of
maize, one of the primary food grain crops. Studies reveal that compared to major
food crops like rice, maize, and sorghum, cassava production has the least negative
effects on the environment as a whole (28).

For humans and livestock, cassava offers an alternative source of macro- and
micro-elements. The high nutritional content in its roots makes it one of the best
sources of energy with 1-3% crude proteins, 0.1-0.5% crude fat on fresh weight, and
80 - 90% carbohydrates on dry weight. Cassava has less carbohydrate content than
potatoes, wheat, rice, yellow maize, and sorghum. About half its crude protein is
made up of complete proteins, and the other half of free amino acids, primarily
glutamic and aspartic acid. Cassava roots provide about 140 Kcal/100 g (25). There
are two cyanogenic substances in cassava, namely lotaustralin and linamarin. The
difference in amygdalin content in cassava plants has several reasons, including the
type grown and practices during cultivation. The maximum amygdalin value in
cassava roots is 48.33 mg/gm (5). Cyanide is produced as a byproduct of its
metabolism (14). It contains poisonous hydrogen cyanide (HCN) (13) which has a
lethal dosage at 0.54 mg/kg for humans (12).

Amygdalin's pharmacological activities, have been extensively studied over the
years such as those against fibrosis (15 and 20), inflammation (18), analgesia (4),
auxiliary anticancer (11), immune regulation (23), anti-atherosclerosis (1), anti-
cardiac hypertrophy (1), anti-ulcer (18), and hypoglycemia (1). Significantly, a
growing body of research has shown its anticancer properties, and in recent years, has
garnered more attention to its curative properties for cancers of the prostate, lungs,
bladder, colon, and rectal regions (22). This study focuses on enhancing the
amygdalin and nutritional values of cassava beverages. Amygdalin is considered a
popular but controversial anti-tumor therapy because it produces prunasin and
mandelonitrile, which eventually break into deadly benzaldehyde and hydrocyanic
acid (16). As such, this study aimed to use cassava in enhancing the nutritional value
of milk and supplementing it with amygdalin (vitamin B17).

Materials and Methods

Materials: Fresh cow's milk was obtained from the Animal Production Research
Institute of the Ministry of Agriculture. sucrose sugar, vanilla and cassava from the
local market. Sigma-Aldrich provided the methanol, diethyl ether 98%, amygdalin
(98% purity), and HPLC-grade ethanol 98%.
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Preparation of the cassava milk beverage: Cassava paste was made by mashing
small slices of the plant’s roots and boiling them at a ratio of 1:5 water for 1-hour. A
sachet of vanilla (1 gram), fresh cow’s milk, and 5% sucrose sugar were heated at
80°C for ten minutes, and the milk divided into three equal portions. Then, 5% and
10% cassava paste were added to the second and third portions, respectively, with
the first portion used as the control. The chemical properties of the prepared cassava-
paste milk beverage and its control were evaluated while it was fresh and after one
week’s refrigeration at 6+ 1°C.

Determination of total lipids, protein, cyanide, fiber content, and acidity
percentage was done according to (21), total flavonoids according to (31), and
phenolic according to (3). The mineral contents of zinc, magnesium, calcium, and
potassium were measured using a novel microwave digestion technique, followed by
Thermo Scientific's ICP-AES (inductively coupled plasma) system. For the
amygdalin calibration curve a stock solution of 100 pg mL™* was prepared by
dissolving the amygdalin standard in distilled water and stored at 20°C until analysis.
A calibration curve was created using six standard solutions containing amygdalin
concentrations of 1, 5, 10, 20, 40, and 50 ug mL according to (6). For the extraction
of amygdalin, two grams of cassava were placed in a 200 mL conical flask and
immersed in a water bath with continuous shaking at 37°C after 50 mL of water was
added. Amygdalin extraction took 40, 80, 100, 120, and 180 minutes. The extracts
were filtered through Whatman No.1 filter paper and then placed into 50 ml
disposable polypropylene tubes. Twenty milliliters of n-hexane were added and then
vortexed thrice for 1 minute to remove fat. A tabletop Eppendorf 5810R centrifuge
was used at 3250 rpm for ten minutes. The supernatants were mixed and discarded.
With the help of a rotary evaporator running at low pressure at 35°C and 7 mill bars,
the remaining hexane was extracted from the sample according to (6).

Sensory evaluation: All samples were evaluated for organoleptic properties,
namely flavor (20 points), body and texture (10 points), and color and appearance
(10 points), according to (2).

Statistical analysis: The COSTAT program was used for a one-way analysis of
variance to test for differences between samples, and the Excel program was utilized
for calculating the standard deviation (SD).

Results and Discussion

Chemical composition of cassava: Table 1 illustrates the chemical composition of
cassava before and after boiling for 1 hour. The total protein in fresh cassava and
boiled cassava paste did not change according to boiling heat treatment. After
subjecting both fresh cassava and boiled cassava paste to heat treatment, the total
lipid content remained unchanged.

According to boiling heat treatment, the total fiber content of both fresh cassava
and boiled cassava paste remained unchanged. According to boiling heat treatment,
the calcium content of both fresh cassava and boiled cassava paste remained
unchanged.
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According to boiling heat treatment, the potassium content of both fresh cassava
and boiled cassava paste remained unchanged. Both fresh cassava and cooked
cassava paste retained their magnesium content after being subjected to heat
treatment.

Boiling heat treatment did not alter the zinc content of either fresh cassava or
boiled cassava paste. Amygdalin levels in boiling heat-treated fresh cassava and
cassava paste remained unchanged. These results for total protein, total lipids, and
zinc agree with those (17). Ca, k, mg, and HCN were similar to the results of (17).

Total polyphenol and flavonoid content decreased when the cassava was freshly
boiled for 1 hour according to the heating temperature and time (30).

Fresh cassava has 0.0038gm/100 gm cyanide and soaking in water reduces its
content, possibly due to its solubility. Small slices of cassava were boiled in water at
a 1:5 ratio for 1 hour and filtered. HCN decreased to 0.0011 gm/100 gm (5). This
value is considered safe because the lethal dose is 0.54 mg/kg of human body weight
(7 and 8).

Boiling the fresh cassava for 1 hour decreased total polyphenols and flavonoids
from 1.348 gm/100gm and 0.068 gm/100gm to 0.547 gm/100gm and 0.005
gm/100gm, respectively, based on their sensitivity to heat treatment (9).

Table 1: Chemical composition of cassava.

Chemical Composition Fresh Cassava Cassava Paste
Total protein (gm/100gm) 2.9+0.10 2.9+0.10
Total lipid (gm/100gm) 0.8 +£0.05 0.8 +0.05
Total fiber (gm/100gm) 5.7+0.10 5.7+0.10
Calcium (gm/100gm) 0.370 £ 0.15 0.370 £ 0.15
Potassium (gm/100gm) 0.063+0.1 0.063+0.1
Magnesium (gm/100gm) 0.590 +0.1 0.590 +0.1
Zinc (gm/100gm) 0.001 +£0.1 0.001+£0.1
Amygdalin (mg/gm) 0.08 +0.01 0.08 +0.01
Total phenols (gm/100gm) 1.348 + 0.01 0.547 £ 0.02
Total flavonoids (gm/100gm) 0.068 £ 0.01 0.005 + 0.00
HCN (gm/100gm) 0.0038 + 0.01 0.0011+ 0.01

Each value represents the mean + S.E (Standard Error) and mean of three replicates.

Chemical composition of cassava milk: Table 2 illustrates that the average total
protein content in cassava milk increased with the addition of 5% and 10% cassava
portions from 3.44 gm/100 gm to 3.55 gm/100 gm, respectively. After 7 days of
refrigeration at 6+1°C, total protein increased slightly, possibly due to water
evaporation. The evaporation of water is due to plastic cup packages that are not
tightly closed, which allows moisture to evaporate during storage.

The mean average total fat content in fresh cassava milk increased from 3.9
gm/100 gm to 4 gm/100 gm following the addition of 5% and 10% cassava,
respectively. Total fat content increased slightly, perhaps as a result of evaporating
water. Water evaporates when plastic cup packaging is not sealed tightly, allowing
moisture to evaporate while being stored. Amygdalin was not detected in the control
but registered 3.51 gm and 7.01 gm per 100 gm, respectively following the 5% and
10% cassava addition.
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Table 2: Chemical composition of cassava milk.

Treatments Control 5% Cassava 10% Cassava
Fresh cassava beverage
Total protein gm/100 gm 3.44 £ 0.03c 3.55 + 0.01b** 3.70 £ 0.003a*
Total lipid gm/100 gm 3.9+0.03 4.0+0.03 4.0+0.03
Amygdalin gm/gm Not detected 3.51+0.01b 7.01+0.01a
Stored cassava beverage (after 7 days)
Total protein gm/100 gm 3.45+0.03c 3.60 + 0.01b* 3.72 £ 0.003a*
Total lipid gm/100 gm 3.9+0.03 4.0 £0.03 4.0+0.03
Amygdalin mg/gm Not detected 3.52+0.01b 7.02+0.01a

Each value represents the mean + S.E (Standard Error) and mean of three replicates. Values in the
same column with the same letter are not significant at p<0.05.

The acidity of cassava milk: As seen in Table 3, the significant acidity of 5% and
10% cassava milk increased after storage at 6 + 1°C for 7 days as the higher bacterial
load produced acids in the medium. As the microbial populations increased, the
treatable acidity value increased.

This increase illustrates the implication of using treatable acidity as an indication
of undesirable bacterial growth in milk.

Table 3: Acidity of cassava milk.

Treatments Control 5% Cassava 10% Cassava
Fresh cassava milk beverage
Acidity % 0.16 £ 0.16 £ 0.17 £ 0.1a**
0.la** 0.la**
Stored cassava milk beverage (after 7 days)
Acidity % 0.17 + 0.17 £ 0.1a* 0.18 £ 0.1a*
0.la*

Each value represents the mean + S.E (Standard Error) and mean of three replicates. Values in the
same column with the same letter are not significant at p<0.05.

Sensory evaluation of cassava milk: Table 4 lists the scores of the milk beverage's
sensory properties. These properties were assessed for texture, aroma, flavor,
acceptability, and appearance both when the beverage was fresh and after a week’s
storage.

Sucrose is added to improve sensory acceptance of many foods, increasing the
sweetness of the final products. Mixed drinks made with different proportions of
cassava had the best sensory acceptance. The highest value was found to be the
beverage containing 10% fresh cassava milk. Adding cassava that contains starch
presented the highest apparent texture values.
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Table 4: Sensory evaluation of cassava milk.

Acceptability Appearance  Aroma  Flavor Texture Total scores

Treatment
reatments (20) (20) (20) (20) (20) (100)
Fresh cassava milk
Control 18+1 18+1 1841 18+1 17#1 89 + 1
Milk with 5%
19+1 18+1 1841  18+1 18+1 91 +1
cassava
Milk with 10%
19+1 19+1 1941  19+1 19#1 95+ 1
cassava
Stored cassava milk (after 7 days)
Control 15+1 16+1 1541 1541 15+1 76+ 1
Ll
ST 17+1 1741 1741 18+1 18+1 87 +1
cassava
i
Milk with 10% 18+1 18+1 1841  17+1  19+1 90 + 1
cassava
Conclusions

The findings of this study reveal the possibility of producing cassava-
supplemented dairy beverages that are rich in various vital dietary components such
as vitamins, amygdalin, minerals, proteins, fats, and fibers.

Supplementary Materials:
No Supplementary Materials.

Author Contributions:
All authors have contributed in writing the manuscript. Monier M. ElI Abd was
responsible for revising and editing the manuscript.

Funding:
This research received no external funding.

Institutional Review Board Statement:
The study was conducted in accordance with the protocol authorized by Animal
Production Research Institute.

Informed Consent Statement:
No Informed Consent Statement.

Data Availability Statement:
No Data Availability Statement.

Conflicts of Interest:
The authors declare no conflict of interest.

Acknowledgments:
The authors are thankful for the help of the everyone who provided assistance and
assistance in completing this paper research.

Disclaimer/Journal’s Note:

The statements, opinions, and data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of AJAS and/or the editor(s). AJAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas,
methods, instructions, or products referred to in the content.

1116



Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

10.

11.

References

Afrose Farzana, V. A., Kumaran, S., and Pandurangan, A. K. (2024). A
Comprehensive Review on the Effect of Natural Products on Colorectal Cancer.
Current Pharmacology Reports, 10(1): 1-11. https://doi.org/10.1007/s40495-023-
00349-5.

Alvarez, V. B. (2009). Fluid milk and cream products. The sensory evaluation of
dairy products, 73-133. https://doi.org/10.1007/978-0-387-77408-4 5.

Azeem, S. M. A., Al Mohesen, I. A., and Ibrahim, A. M. (2020). Analysis of
total phenolic compounds in tea and fruits using diazotized aminobenzenes
colorimetric spots. Food chemistry, 332: 127392.
https://doi.org/10.1016/].foodchem.2020.127392.

Barakat, H., Aljutaily, T., Almujaydil, M. S., Algheshairy, R. M., Alhomaid, R.
M., Almutairi, A. S., ... and Abdellatif, A. A. (2022). Amygdalin: a review on its
characteristics, antioxidant potential, gastrointestinal microbiota intervention,
anticancer therapeutic and mechanisms, toxicity, and encapsulation.
Biomolecules, 12(10): 1514. https://doi.org/10.3390/biom12101514.

Bolarinwa, I. F., Olaniyan, S. A., Olatunde, S. J., Ayandokun, F. T., and Olaifa,
I. A. (2016). Effect of processing on amygdalin and cyanide contents of some
Nigerian foods. Journal of Chemical and Pharmaceutical Research, 8(2): 106-
113.

Bolarinwa, I. F., Orfila, C., and Morgan, M. R. (2014). Amygdalin content of
seeds, kernels and food products commercially-available in the UK. Food
chemistry, 152: 133-139. https://doi.org/10.1016/j.foodchem.2013.11.002.
Cereda, M. P., and de Vasconcellos, S. P. (2023). Cassava cyanogenic
glycosides: Importance, toxicity, and dosage methods. In Varieties and landraces:
Cultural practices and traditional uses, pp. 179-209.
https://doi.org/10.1016/B978-0-323-90057-7.00014-0.

Cereda, M. P., and Mattos, M. C. Y. (1996). Linamarin: the toxic compound of
cassava. Journal of Venomous Animals and Toxins, 2(1): 06-12.
https://doi.org/10.1590/S0104-79301996000100002.

Chaaban, H., loannou, I., Chebil, L., Slimane, M., Gérardin, C., Paris, C., ... and
Ghoul, M. (2017). Effect of heat processing on thermal stability and antioxidant
activity of six flavonoids. Journal of food processing and preservation, 41(5):
€13203. https://doi.org/10.1111/jfpp.13203.

Fernando, N. M. L., Amaraweera, A. P. S. M., Gunawardane, O. H. P,
Wanninayaka, W. M. D. B., Manipura, A., Manamperi, W. A. R., ... and
Kulathunga, K. M. A. K. (2022). Sustainable biorefinery approach for cassava: A
Review. Engineer: Journal of the Institution of Engineers, Sri Lanka, 55(2): 71-
88. https://doi.org/10.4038/engineer.v55i2.7510.

Flores, J. V., Kerna, N. A., Pruitt, K. D., Carsrud, N. D. V., Holets, H. M.,
Chawla, S., ... and Anderson, 1. 1. (2024). J, Afolayan AY, Nnake I. Exploring
the Therapeutic Potential of Plant Seeds: Health Benefits, Bioactive Compounds,
Applications for Specific Medical Conditions, and Regulatory Challenges”. EC
Nutrition, 19: 01-17. DOI: 10.31080/ECNU.2024.19.01150.

1117


https://doi.org/10.1007/s40495-023-00349-5
https://doi.org/10.1007/s40495-023-00349-5
https://doi.org/10.1007/978-0-387-77408-4_5
https://doi.org/10.1016/j.foodchem.2020.127392
https://doi.org/10.3390/biom12101514
https://doi.org/10.1016/j.foodchem.2013.11.002
https://doi.org/10.1016/B978-0-323-90057-7.00014-0
https://doi.org/10.1590/S0104-79301996000100002
https://doi.org/10.1111/jfpp.13203
https://doi.org/10.4038/engineer.v55i2.7510

Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Forsan, H. F., and Awad, S. S. (2023). Cyanidin: Advances on Resources,
Biosynthetic Pathway, Bioavailability, Bioactivity, and Pharmacology. In
Handbook of Dietary Flavonoids, (pp. 1-50). Cham: Springer International
Publishing. https://doi.org/10.1007/978-3-030-94753-8 54-1.

Forsan, H. F., and Hasan, R. S. (2024). Novel Nutraceutical Milk Compound in
Alzheimer’s Prevention. In Handbook of Neurodegenerative Disorders, pp 1-29.
https://doi.org/10.1007/978-981-19-3949-5_45-2.

Forsan, H. F., EI Abd, M. M., Elsabie, W. B., and Sobhy, H. M. (2024). Apricot
addition for Enrichment Yogurt with Amygdalin. Al-Kitab Journal for Pure
Sciences, 8(01): 63-70. https://doi.org/10.32441/Kjps.08.01.p6.

Gao, J., Zhou, H., Liu, J., Chang, H., Wang, J., Bai, Y., ... and Shi, S. (2024).
Study on miRNA expression and regulatory network of Amygdalus mongolica
oil and amygdalin in the treatment of pulmonary fibrosis. Pharmacological
Research-Modern Chinese Medicine, 11: 100421.
https://doi.org/10.1016/j.prmcm.2024.100421.

He, X. Y., Wu, L. J., Wang, W. X,, Xie, P. J., Chen, Y. H., and Wang, F. (2020).
Amygdalin-A  pharmacological and toxicological review. Journal of
ethnopharmacology, 254: 112717. https://doi.org/10.1016/].jep.2020.112717.
Hoang, L., Nguyen, M. T., Nguyen, D. N., Hoang, K., Hershey, C., and Howeler,
R. (2024). Vietnamese cassava varieties progression across 50 years. Vietnam
Journal of Science, Technology and Engineering, 66(1): 59-76.
https://doi.org/10.31276/VJSTE.66(1).59-76.

Hussain, E. M., Alkadhimy, S. M., Neamah, A. M., and Tousson, E. (2024).
Beneficial role of amygdalin extracts against animal growth regulator Boldjan
induced cardiac toxicity, injury and oxidative stress in male rats. Toxicology
Research, 13(2): tfae042. https://doi.org/10.1093/toxres/tfae042.

Joan, A. N., and Peter, A. S. (2024). Mutation Breeding: A Tool in Nutritional
Improvement of Cassava. In Cassava-Recent Updates on Food, Feed, and
Industry. IntechOpen. DOI: 10.5772/intechopen.110362.

Latif, S., and Miller, J. (2015). Potential of cassava leaves in human nutrition: A
review. Trends in Food Science and Technology, 44(2): 147-158.
https://doi.org/10.1016/j.tifs.2015.04.006.

Lindler, L., Appler, J., Ballin, J., Bauer, T., Beck, L., Boylan, J., ... and Coates,
S. G. (2016). AOAC SMPR® 2016.008. Journal of AOAC International, 99(4):
1095-1100. https://doi.org/10.5740/jaoacint. SMPR2016.008.

Liu, S., Grierson, D., and Xi, W. (2024). Biosynthesis, distribution, nutritional
and organoleptic properties of bitter compounds in fruit and vegetables. Critical
Reviews in  Food Science and  Nutrition, 64(7): 1934-1953.
https://doi.org/10.1080/10408398.2022.2119930.

Lu, Y. H.,, Wang, M., Lin, J. Q., Wang, M. Y., Zhou, L. Y., He, S. H., ... and
Luo, Z. (2024). Fufang Luohanguo Qingfei granules reduces influenza virus
susceptibility via MAVS-dependent type | interferon antiviral signaling. Journal
of Ethnopharmacology, 324: 117780. https://doi.org/10.1016/].jep.2024.117780.

1118


https://doi.org/10.1007/978-3-030-94753-8_54-1
https://doi.org/10.1007/978-981-19-3949-5_45-2
https://doi.org/10.32441/kjps.08.01.p6
https://doi.org/10.1016/j.prmcm.2024.100421
https://doi.org/10.1016/j.jep.2020.112717
https://doi.org/10.31276/VJSTE.66(1).59-76
https://doi.org/10.1093/toxres/tfae042
https://doi.org/10.1016/j.tifs.2015.04.006
https://doi.org/10.5740/jaoacint.SMPR2016.008
https://doi.org/10.1080/10408398.2022.2119930
https://doi.org/10.1016/j.jep.2024.117780

Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

24,

25.

26.

217.

28.

29.

30.

31.

Mohamed, H., Abd, M., Elsabiee, W., and Forsan, H. (2021). Study Of High
Nutritive Value of Almond Milk Beverage. Plant archives, 21(1): 2493-2496.
https://doi.org/10.51470/PLANTARCHIVES.2021.v21.51.405.

Mohidin, S. R. N. S. P., Moshawih, S., Hermansyah, A., Asmuni, M. 1., Shafqgat,
N., and Ming, L. C. (2023). Cassava (Manihot esculenta Crantz): A systematic
review for the pharmacological activities, traditional uses, nutritional values, and
phytochemistry. Journal of Evidence-Based Integrative Medicine, 28: 1-26.
https://doi.org/10.1177/2515690X231206227.

Ntui, V. O., Tripathi, J. N., Kariuki, S. M., and Tripathi, L. (2024). Cassava
molecular genetics and genomics for enhanced resistance to diseases and pests.
Molecular Plant Pathology, 25(1): €13402. https://doi.org/10.1111/mpp.13402.
Robson, F., Hird, D. L., and Boa, E. (2024). Cassava brown streak: A deadly
virus on the move. Plant Pathology, 73(2): 221-241.
https://doi.org/10.1111/ppa.13807.

Srivastava, A. K., Ewert, F., Akinwumiju, A. S., Zeng, W., Ceglar, A., Ezui, K.
S., ... and Gaiser, T. (2023). Cassava Yyield gap—A model-based assessment in
Nigeria.  Frontiers in  Sustainable Food Systems, 6: 1058775.
https://doi.org/10.3389/fsufs.2022.1058775.

Tang, F. H., Nguyen, T. H., Conchedda, G., Casse, L., Tubiello, F. N., and
Maggi, F. (2023). CROPGRIDS: A global geo-referenced dataset of 173 crops
circa 2020. Earth System Science Data Discussions, 2023: 1-22.
https://doi.org/10.5194/essd-2023-130.

Yen, G. C., and Hung, C. Y. (2000). Effects of alkaline and heat treatment on
antioxidative activity and total phenolics of extracts from Hsian-tsao (Mesona
procumbens Hemsl.). Food Research International, 33(6): 487-492.
https://doi.org/10.1016/S0963-9969(00)00073-9.

Zhishen, J., Mengcheng, T., and Jianming, W. (1999). The determination of
flavonoid contents in mulberry and their scavenging effects on superoxide
radicals. Food chemistry, 64(4): 555-559. https://doi.org/10.1016/S0308-
8146(98)00102-2.

1119


https://doi.org/10.51470/PLANTARCHIVES.2021.v21.S1.405
https://doi.org/10.1177/2515690X231206227
https://doi.org/10.1111/mpp.13402
https://doi.org/10.1111/ppa.13807
https://doi.org/10.3389/fsufs.2022.1058775
https://doi.org/10.5194/essd-2023-130
https://doi.org/10.1016/S0963-9969(00)00073-9
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0308-8146(98)00102-2

