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New Dietary Ingredient Notification for Unripe Jujube Fruit Extract 
Powder 

SECTION A – ADMINISTRATIVE INFORMATION 

A.1 Description of the New Dietary Ingredient 

The proposed new dietary ingredient (NDI) manufactured by TCI Co., Ltd (“TCI”) is Unripe Jujube Fruit 
Extract powder (hereinafter “Jujube Fruit Extract powder”). The ingredient is prepared as the aqueous 
extract of unripe fruit from the Ziziphus mauritiana Lam. plant, formulated with maize-derived 
maltodextrin. Fresh unripe jujube fruit has taut green skin that becomes wrinkly and red or maroon as it 
ripens. The edible fruit from Z. mauritiana is known by a wide range of names, such as “Indian jujube,” 
“Chinese date,” “masau,” “coolie plum,” “phutsaa,” “tao,” “ponsigué,” or “ber,” among many others, due to 
its ubiquitous presence in the diet of individuals from various distinct cultures and geographical regions. 

The term “dietary supplement” is defined in Title 21 of the United States Code (U.S.C.) 321 (ff) (U.S. FDA, 
2023) as, among other things:  

[...] a product (other than tobacco) intended to supplement the diet that bears or contains 
one or more of the following dietary ingredients: (A) a vitamin; (B) a mineral; (C) an herb or 
other botanical; (D) an amino acid; (E) a dietary substance for use by man to supplement the 
diet by increasing the total dietary intake; or (F) a concentrate, metabolite, constituent, 
extract, or combination of any ingredient described in clause (A), (B), (C), (D), or (E). 

This jujube fruit extract powder therefore qualifies as a dietary ingredient that may be lawfully used in 
dietary supplements, in accordance with 21 U.S.C. 321 (ff)(1)(E) (U.S. FDA, 2023). Specifically, it falls under 
categories (C) and (F) as an extract of a botanical. 

A.2 Description of the Dietary Supplement Product Containing the New Dietary 
Ingredient 

TCI is the bulk ingredient manufacturer of Jujube Fruit Extract powder. The ingredient is intended to be used 
in dietary supplement products. The general composition of the Jujube Fruit Extract powder is summarized 
in Table A.2-1 below.  

 
 

Table A.2-1 General Composition of Jujube Fruit Extract Powder [CONFIDENTIAL] 
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A.3 Identification of Trade Secret Information 

The following information and their location(s) within the dossier, as indicated in Table A.3-1, are identified 
as confidential trade secret and/ or confidential commercial information under Tit le 21 of the Code of 
Federal Regulat ions (CFR) §20.61(d) and 190.6(e) (U.S. FDA, 2022b,c). TCI understands that this information 
will be kept confidential for 90 days after the fi ling date of this Notice; however, TCI respectfu lly requests 
that certain information, as described in Table A.3-1 below, be kept confidential even after the 90-day date. 
The confidential and proprietary information is related to Jujube Fruit Extract powder's chemica l 
composit ion, manufacturing, specifications, certificates of analysis and test methods, and unpublished 
product-specific safety data. 

TableA.3-1 Confidential Chapters and Sections of the New Dietary Ingredient Notification 

Confidential Chapters and Sections Explanation 

Sections A.2, 8.1, and 8.2, and Trade Secret under 21 CFR §20.61(a) (U.S. FDA, 2022b}; Sections A.2, 8.1, 8.2, and 
Appendix A - Description of the Appendix A conta in the exact compositional breakdown, raw materials, supplier 
NOi and manufacturing information information, manufacturing process, process controls, and schemat ic overview of the 

manufacturing process for TCl's Jujube Fruit Extract powder that must be kept confidential. 
The information is proprietary and commercially va luable. 

Sections 8.3, 8.4, and 8.5, and 
Appendices 8, C, and D-Regarding 
the product specif ications and 
chemical analyses of the NOi 

Sections C.1, C.3.1, and C.4, and 
Appendices E and F
Comprehensive safety profile, 
product-specif ic safety data, and 
safety narrative 

Confidential Commercial Information under 21 CFR §20.61(b) (U.S. FDA, 2022b); 
Sections 8.1 and 8.2 conta in confidential information used in TCl's business and this 
information is customarily held in strict confidence or regarded as privileged. Disclosure of 
this information would allow competitors to copy TCl's NOi and would likely cause 
substant ial harm to TCl's competit ive posit ion. 

Trade Secret under 21 CFR §20.61(a) (U.S. FDA, 2022b}; Sections 8.3, 8.4, 8.5, and the 
associated data in the appendices contain TCl's product specifi cations, certificates of 

analyses, methods of analysis, and additional characterization of the NOi that must be kept 
confidential because the information is proprietary and commercially valuable. Product 
specifications and certificates of analysis contain t rade secret compositional information. 

Confidential Commercial Information under 21 CFR §20.61(b) (U.S. FDA, 2022b); 
Sections 8.3, 8.4, 8.5, and the associated appendices contain confidential information used 
in TCl's business and this information is customari ly held in strict confidence or regarded as 
privileged. Disclosure of this information would allow competitors to copy TCl's NOi and 
would l ikely cause substantial harm to TCl's competit ive posit ion. 

Trade Secret under 21 CFR §20.61(a) (U.S. FDA, 2022b}; Sections C.1, C.3.1, C.4, and 
Appendices E and F conta in reference to commercial uses of the NOi and a product-specific 
study conducted with Jujube Fruit Extract powder. These data are regarded as proprietary 
information that is not publicly available. Therefore, the information presented in th is 
section is a product of research and innovation that required substantial effort. Accordingly, 
these sect ions contain trade secrets and must not be disclosed, as the information is 
proprietary and commercially valuable. 

Confidential Commercial Information under 21 CFR §20.61(b) (U.S. FDA, 2022b); 
Sections C.1, C.3.1, C.4, and Appendices E and F contain confidential information used in 
TCl's business and this information is customarily held in strict confi dence or regarded as 
privileged. Disclosure is likely to cause substantial harm to TCl's competitive posit ion. 

CFR = Code of Federal Regulations; NOi = new dietary ingredient; TCI = TCI Co., Ltd. 
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SECTION B – CHEMISTRY AND IDENTITY 

B.1 Description of the New Dietary Ingredient [CONFIDENTIAL] 

Table B.1-1 General Composition of Jujube Fruit Extract Powder [CONFIDENTIAL] 

B.2 Manufacturing Information [CONFIDENTIAL] 

B.2.1 Raw Materials 
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Table B.2.1-1 Specifications for Indian Jujube Fruit Raw Material 
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B.2.2 Manufacturing Process 
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B.3 Product Specifications [CONFIDENTIAL] 
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B.4 Product Analysis [CONFIDENTIAL] 
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B.5 Additional Product Characterization [CONFIDENTIAL] 
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SECTION C – SAFETY AND TOXICOLOGY 

C.1 Comprehensive Safety Profile for the New Dietary Ingredient 

Jujubes from Z. mauritiana (i.e., Indian jujube fruit) are a well-characterized and widely distributed fruit 
commonly found in a wide range of tropical and subtropical regions, with a long-established safe history of 
use in the human diet (see Section C.2.1). Primarily cultivated in arid regions, Indian jujubes are generally 
consumed raw in India and Southeast Asia; however, the fruit is also dried, boiled, stewed, baked, pickled, 
or prepared into cakes, alcoholic beverages, or jams and chutneys (Pareek, 2001; Azam-Ali et al., 2006). 
Globally, it is considered an underutilized crop with significant potential for commercial development and is 
viewed as extremely valuable for establishing food security due to the heat- and drought-tolerance of the 
Z. mauritiana tree (Arndt et al., 2000; Razi et al., 2013; Maruza et al., 2017; Amin et al., 2018). The fruit of 
the Z. mauritiana plant (both ripe and unripe) is regularly consumed on its own; however, it is also common 
for the fruit to be pickled, candied, or used in the preparation of butters, beverages (alcoholic and 
non-alcoholic), cakes, chutneys, fruit snacks, frying oils, jams, salsas, sauces, spiced desserts, and other 
sweet fruit condiments (Azam-Ali et al., 2006; Dairou et al., 2014; Kavitha et al., 2014; Zozio et al., 2015; 
Delfanian, 2016; Mateen and Phanikumar, 2018). Based on use levels published in the scientific literature, 
and reference amounts customarily consumed for each of the noted food uses (e.g., raw fruits, fruits for 
young children, chutneys, relishes, etc.) in the United States (U.S.), typical serving sizes of Indian jujube fruit 
range from 15 to 125 g/occasion (Dairou et al.,2014; U.S. FDA, 2018). Currently, the Taiwan Food and Drug 
Administration (TFDA) lists Indian dates (i.e., Z. mauritiana fruit) as a raw material for use in food and 
further categorizes them as being available for direct consumption (TFDA, 2017).  

(b) (4)

(b) (4)



TCI Co., Ltd. 
14 December 2023 15 

The scientific evidence presented below supports a conclusion that the NDI is “reasonably expected to be 
safe” under the conditions of intended use, which is consistent with the U.S. FDA’s position on establishing 
appropriate margins of safety when establishing the safety of NDIs. 

C.2 History of Safe Use 

C.2.1 History of Use 

Jujubes are the subtropical fruit of flowering plants belonging to the Rhamnaceae family and are often 
regarded as underutilized crops with significant potential for commercial development (FAO, 2001; Pareek, 
2001; Azam-Ali et al., 2006). There are 2 major species of jujube-producing plant widely cultivated for 
human consumption globally: Z. mauritiana Lam. and Ziziphus jujuba Mill. (Azam-Ali et al., 2006; Jin, 2018). 
The fruit from the Z. mauritiana plant, also known as “Indian jujube,” “Chinese date,” “masau,” “dunks,” 
“kul,” “boroi,” “coolie plum,” “phutsaa,” “tsao,” “elantha palam,” “ponsigué,” or “ber,” among many other 
colloquial names, is known for its mild sub-acid flavor and crisp texture and has been safely consumed as 
part of the traditional human diet for centuries (Morton, 1987; Pareek, 2001; Nyanga, 2012; Pareek, 2013; 
Shahrajabian et al., 2019; Chiou et al., 2020; Paul et al., 2021). Notably, it has been reported that scientific 
studies conducted with Z. mauritiana fruit produced in tropical regions often misclassify the fruit as 
Ziziphus jujuba,1 presumably due to the similarity of appearance shared by the 2 species. There is evidence 
to indicate that Z. mauritiana trees originated somewhere in the northwestern regions of South Asia and 
that the jujube fruit was frequently consumed by humans as far back as approximately 3,000 to 5,000 years 
ago (Petrie and Bates, 2017; Suryanarayan et al., 2021). 

Cultivation of Z. mauritiana for human consumption has been documented in numerous tropical and 
sub-tropical regions of the world across Asia, Europe, the Americas, and Africa, where the fruit is frequently 
incorporated into the diet (Azam-Ali et al., 2006; Memon et al., 2013; Palejkar et al., 2012; Pareek, 2013; 
Al-Saif et al., 2021). The tree is also sporadically distributed across Australia, where the fruit is known as the 
“Chinee Apple” and is known to be edible (ALA, 2023). In arid regions, Z. mauritiana trees are considered 
extremely valuable for establishing food security due to their drought resistance and tolerance for very high 
temperatures (Arndt et al., 2000; Razi et al., 2013; Maruza et al., 2017; Amin et al., 2018; Muhammad et al., 
2022). In Southeast Asia, it is common for unripe jujube fruit to be consumed with salt, whereas in India, it 
is mostly the fresh ripe fruit that is consumed raw (Azam-Ali et al., 2006). The fruit of Z. mauritiana can vary 
in size with cultivar; however, the edible flesh of the fruit has been observed to range from 4.61 to 
36.67 g/fruit with a mean of 17.17 g/fruit (Abdel-Sattar et al., 2021). In Zimbabwe, fresh jujube fruit 
constitutes a significant portion of the human diet from June to September while the fruit is considered to 

 
1https://uses.plantnet-project.org/en/Ziziphus mauritiana.  
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be “in season” and is otherwise consumed in a dehydrated form throughout the remaining months of the 
year (Azam-Ali et al., 2006). In a survey of 50 random households from 3 districts in Zimbabwe, 96% of the 
households indicated that they consume the fresh fruit (as “masau”) daily throughout the harvest season 
(Nyanga et al., 2013). While the fruit of Z. mauritiana is frequently consumed fresh or dried, boiling, 
stewing, and baking are also often used to prepare the fruit (Pareek, 2001). 

Common culinary uses of Indian jujube fruit reported in the literature include pickling, candying, and 
preparation of jams, beverages, butters, and cheese-like pastes (Morton, 1987; Pareek, 2001; Siriamornpun 
et al., 2015; Zozio et al., 2015; Dalal et al., 2019; Mathangi and Maran, 2020; Sharif et al., 2022). There are 
numerous examples of Z. mauritiana fruit being used to prepare jam, either utilizing slightly unripe fruit 
(Azam-Ali et al., 2006) or more mature fruit (Azam-Ali et al., 2006; Mateen and Phanikumar, 2018). It is also 
common for the fruit to be processed into a variety of alcoholic beverages, including African wines, “Crema 
de ponsigue” in Venezuela, and “Kachasu” in Zimbabwe and Malawi (Azam-Ali et al., 2006; Nyanga et al., 
2008; Lim, 2012), and non-alcoholic beverages (Azam-Ali et al., 2006; Kavitha et al., 2014). 
Ziziphus mauritiana fruit is also often used in the preparation of cakes. In Western Sudan and Zambia, the 
dried and fermented pulp of Z. mauritiana fruit is pressed into cakes that have been likened to gingerbread 
(Azam-Ali et al., 2006). In Cameroon, Z. mauritiana fruit (as “Jaabi”) is processed into small round cakes 
called “Yaabande” with each individual cake piece containing 40 to 70 g of Z. mauritiana fruit (Dairou et al., 
2014) and in Guadeloupe, the fruit (as “pommesurette”) is processed into nutritious jujube cakes (Zozio 
et al., 2015). In Niger and Mali, the fruit is used to produce flours for traditional loaves and flatbreads 
(Williams, 1998; Azam-Ali et al., 2006). Finally, a brief search of the internet indicates widespread use of 
Indian jujube fruit as an ingredient in various beverages,2,3 spiced desserts,4 sauces, chutneys, salsas,5 fruit 
snacks,6 and other sweet fruit condiments such as “Ber Ka Achar.7” Typical serving sizes for such food uses 
can vary; however, it can be reasonably expected that regular daily consumption of Z. mauritiana fruit 
(including both ripe and unripe fruit) would range from 15 to 125 g/serving based on reference amounts 
customarily for each of these uses consumed in the U.S. (U.S. FDA, 2018). Reported daily use of jujube fruit 
in many jurisdictions therefore far exceeds (approximately 60- to 500-fold for individual food uses) the 
0.25 g/day jujube fruit extract that can be expected from consumption of TCI’s Jujube Fruit Extract powder 
as described herein. 

Due to its global popularity as a food, many studies have been conducted to evaluate the proximate 
composition, mineral and phytochemical content, and functional activities of fruit from Z. mauritiana 
(Azam-Ali et al., 2006; Dureja and Dhimon, 2012; Memon et al., 2012; Krishna and Parashar, 2013; Nyanga 
et al., 2013; Pareek, 2013; Kavitha et al., 2014; Amin et al., 2018; Kushwada et al., 2019; Hasan et al., 2022). 
Several studies have also been conducted to examine the genetic diversity of Z. mauritiana cultivars and the 
presence of desirable fruit properties such as fruit mass and yield in different cultivars (Amin et al., 2018; 
Chiou et al., 2020). The high ascorbic acid content and antioxidant activity of Z. mauritiana fruit has 
rendered it an appealing “healthy” option for human consumption (Shams and Wadhawan, 2019; Hasan 
et al., 2022). As such, individuals from many different regions where Indian jujubes are plentiful will also 
readily use the Z. mauritiana fruit (or various preparations such as beverages and decoctions) for its 
perceived efficacy in improving digestion and various other ailments caused by oxidative stress (Azam-Ali 
et al. 2006; Lim, 2012; Kaur et al., 2015; Shams and Wadhawan, 2019; Alsayari and Wahab, 2021; Prakash 

 
2https://www.winemag.com/2021/03/01/masau-wine-zimbabwe-recipe/. 
3https://www.tarladalal.com/grapefruit-indian-jujube-infused-water-41841r. 
4https://recipebook.io/home/recipedetails/rbk 5c51c019798fe/indian-jujube-refresher. 
5http://www.thesecretingredient.in/green-ber-ki-chutney-indian-plum-mint-dip-smooth-minty-jujube-salsa/.  
6https://southindianfoods.in/elantha-vadai-jujube-vada-recipe.html. 
7https://crispandcurry.com/easy-ber-indian-jujube-recipes/. 



TCI Co., Ltd. 
14 December 2023 17 

et al., 2021). Traditional use of antioxidant-rich fruits such as Indian jujube is particularly commonplace, due 
to their perceived pharmacological value in folk medicine. 

A ready-to-serve (RTS) beverage produced from Z. mauritiana fruit was compared with the raw, 
unprocessed fruit in a study of physicochemical and antioxidant properties (Kavitha et al., 2014). The ripe 
fruit were cleaned, destoned, and diced before boiling in water at a 1:1 ratio for 20 to 30 minutes. Sugar 
and citric acid were then added before filtration and bottling. Similarly, in a study of product development 
and shelf life, a RTS carbonated Z. mauritiana fruit beverage was prepared from 5 kg of destoned and diced 
Z. mauritiana fruit, boiled in water at a 1:1 ratio for 20 minutes then blended, sieved, and mixed with sugar 
to prepare a syrup (2,625 mL) (Shams and Wadhawan, 2019). The syrup (80 mL) was then added to 170 mL 
of carbonated water to prepare the final RTS beverage. Five kilograms of raw jujube fruit were used to 
produce approximately thirty-two 250-mL bottles of carbonated beverage (2,625 mL syrup/80 mL 
syrup/bottle = 32.8 bottles), each one containing the equivalent of approximately 156 g of concentrated 
Z. mauritiana fruit juice (5 kg of fruit/32 bottles = 0.156 kg of fruit/bottle). 

In a study conducted by Delfanian et al. (2016) on jujube fruit extract as a functional food, the effect of 
various extraction methods (i.e., ultrasound-assisted, supercritical CO2, and solvent) on the antioxidant 
activity of Z. mauritiana fruit extracts and their function as natural antioxidants in frying oils was evaluated. 
Raw Iranian jujube fruit were harvested, sun-dried, powdered to 40-mesh, and extracted for 48 hours 
before being concentrated with a rotary evaporator at 50°C. Water, ethanol, and ethanol-water were all 
evaluated as extraction solvents. Three samples were evaluated for each extraction solvent: standard 
solvent extraction, ultrasound-assisted extraction, and supercritical CO2 extraction. The total phenolic 
content of the extracts ranged from 285.74 to 664.72 mg of gallic acid equivalents (GAE)/g. The greatest 
extraction yield and total phenolic content were observed in ultrasound-assisted water and ethanol-water 
extracts; however, only the ethanol-water form was further evaluated in the frying oil tests since it had 
slightly higher antioxidant levels. To evaluate its effects on total polar compound production (a major oil 
degradation indicator) during frying of soybean frying oil, the jujube fruit extract was added to soybean oil 
at either 600 ppm or 800 ppm for comparison against common industry synthetic antioxidants (i.e., 
butylated hydroxytoluene, butylated hydroxyanisole, and tertiary butylhydroquinone), which are often used 
to increase oxidation stability and shelf life of oil products. Each of the soybean oil preparations were 
heated at 185°C for 24 hours and used to fry 20-g batches of potato pieces for 7 minutes. Oil samples were 
collected after time of heating (0, 4, 8, 12, 16, 20, and 24 hours) and tested for total polar compounds. The 
oxidation rates of the frying oils were lowest in samples containing jujube fruit extract. These findings 
indicate that jujube fruit extracts could be used to produce an antioxidant effect when present in frying oils 
for food production at levels up to 800 ppm. 

In another study, mixed jam formulations containing Z. mauritianafruit (as “ber”) and kiwi fruit were 
evaluated in a study for sensory characteristics and other compositional parameters, such as polyphenolic 
content and antioxidant activity (Mateen and Phanikumar, 2018). Nine different jam preparations 
containing various combinations of kiwi and ber fruits were evaluated. The ber fruit was cut into pieces 
following harvest, grinded, and lyophilized prior to jam formulation, with each jam formulation containing 
ber fruit at levels ranging from 5 to 15 g/100 g. A sensory panel of 20 adults (12 men, 8 women) evaluated 
each jam formulation for appearance/color, taste, consistency/texture, aroma, and overall acceptability, 
and identified a formulation containing 15 g of ber fruit/100 g as the most acceptable. Additionally, jam 
formulations containing increased levels of ber fruit were observed to also have increased total phenolics 
and antioxidant capacity relative to formulations that contained less ber. The authors therefore concluded 
that ber fruit has a positive effect on the jam quality and could be utilized to improve the nutritional value 
of foods by increasing antioxidant capacity and total phenolic content. 
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The effect of Indian jujube fruit maturity on the nutritional value (as measured by vitamin C and total 
phenolic content, as well as antioxidant capacity) of traditional African jujube fruit cakes was evaluated in a 
study conducted by Zozio et al. (2015). Indian jujube fruit (known as “pommesurette” in Guadeloupe) at 
2 different stages of maturity (“medium” and “most” ripe) were dried, ground, and cooked into cakes that 
each contained 13 g of jujube flour. The cakes were prepared by first drying the de-stoned fruit (45°C for 
30 hours), grinding and powdering the fruit to a jujube flour (size grading 465 µm), and cooking (10 minutes 
for 100°C in a steam oven). Vitamin C and total phenolic content, as well as antioxidant capacity were 
evaluated in the raw fruit material, and the flours and cakes were prepared from each stage of fruit 
maturity. Cakes prepared from medium-ripe fruit were observed to contain significantly greater vitamin C 
and total phenolic content as well as greater antioxidant capacity than the cakes prepared from more 
mature fruits. The authors thus strongly recommended the use of jujube fruit in general food applications 
due to the increased nutritional qualities they observed in cakes prepared from medium-maturity fruit.  

C.2.2 Current Regulatory Status 

The U.S. Department of Agriculture includes raw jujube (Z. jujuba) and fresh or dried Chinese jujube in the 
Standard Reference Legacy list of foods (USDA, 2019a,b). While Z. jujuba and Z. mauritiana are distinct plant 
species, the fruits are compositionally similar and often discussed in similar context as far as food uses 
(Pareek, 2013; Rashwan et al., 2020). The NDI discussed herein, TCI’s Jujube Fruit Extract powder, is 
produced via water extraction of the raw unripe fruit from Z. mauritiana. Water is an approved extractant 
for food production in the U.S., and this manufacturing process does not include any separation or 
purification steps beyond what is required to remove excess water from the final product. 

Internationally, the TFDA currently permits the use of Indian dates (i.e., Z. mauritiana fruit) as a raw 
material for use in food and further categorizes them as being available for direct consumption in Taiwan 
(TFDA, 2017). Since 2018, TCI’s Jujube Fruit Extract powder has been marketed in various supplement 
products at daily use levels of 0.5 g of Jujube Fruit Extract powder/day. Translated product labels (including 
complete ingredient lists for each supplement product with full compositional itemization and instructions 
for use), and examples of individual sales orders from 2021, are provided in Appendix E. Specifically, 2 
supplement-type products (i.e., “Surei Labo Artichoke Fermented Ginger Complex Drink” and “XGENE 
Compound Solid Drink”) are currently marketed in China and contain 0.25 to 0.5 g of TCI’s Jujube Fruit 
Extract powder per unit and are recommended to be consumed daily. “Surei Labo” is a 50-mL formulated 
drink product that is to be well shaken before direct consumption, once per day. “XGENE” is marketed as a 
processed powder mixture, sold in 3-g packets, that is intended to be brewed with 200 mL of water prior to 
consumption, twice daily. To date, there are no known reports of adverse events occurring from the use of 
these products as recommended. 

The recommended daily use level of TCI’s Jujube Fruit Extract powder (i.e., 0.5 g/day), proposed for use as 
an NDI in the U.S., has therefore been established to align with the historical safe use levels of this 
ingredient (since 2018) in international supplement products, as described above (Appendix E). 
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C.3 Studies to Support Safety 

C.3.1 Studies Conducted with Jujube Fruit Extract Powder 

C.3.2 Studies Corroborative of New Dietary Ingredient Safety 

To identify additional information pertinent to the safety of jujube fruit aqueous extract, a literature search 
was conducted through November 2023 using the search engine ProQuest™ accessing the following 
databases: Adis Clinical Trials Insight, AGRICOLA, AGRIS, Allied & Complementary Medicine™, BIOSIS® 
Toxicology, BIOSIS Previews®, CAB ABSTRACTS, Embase®, Foodline®: SCIENCE, FSTA®, MEDLINE®, NTIS: 
National Technical Information Service, Toxfile®; and Toxicology Abstracts. Three studies were identified in 
the published scientific literature that corroborate the safety of Jujube Fruit Extract powder. These studies 
were conducted with either the fresh juice from unripe Z. mauritiana jujube fruit or Z. mauritiana aqueous 
extract test articles, and therefore can support the reasonable expectation of safety of TCI’s Jujube Fruit 
Extract powder. Results from the identified studies are discussed below. 

The effect of fresh juice from unripe Z. mauritiana jujube fruit in the diet on growth, blood composition, 
histology, and general toxicological effects was investigated in a 4-week study, wherein 3 groups of male 
albino CFT rats (8/group) were administered test diets containing either 0 (normal control diet) or 
10 mL/day of unripe jujube juice (Padmanabhan et al., 1993). The safety of 2 different unripe jujube fruit 
juices (prepared from 2 different juice extraction processes, with or without removal of seed) was 
evaluated, which were administered in 2 distinct treatment groups. Body weights, feed consumption, 
clinical chemistries (serum glucose, proteins, albumin, cholesterol, serum glutamic oxaloacetic 
transaminase, serum glutamic pyruvic transaminase, and alkaline phosphatase), and hematology 
(hemoglobin, erythrocytes, leucocytes, and packed cell volume) were monitored as part of this study. 
Histopathological examination of the organs (e.g., liver, kidney, stomach, spleen, heart, and lungs) was 
performed upon study termination. The measured feed consumption within this study indicated 
consumption of 5 to 8 mL/day of unripe jujube fruit juice throughout the study, which the authors 
suggested is comparable to consumption of 2 to 3 L/day in a 60-kg human. It is not explicitly stated how the 
authors made this equivalence; however, the authors presumably utilized a 0.15-kg body weight for the 
treated rats (which aligns with the measured body weights for animals included in this study) and a juice 
density of 1 g/mL in the calculations. As such, the 5 to 8 mL/day actual consumption of unripe jujube juice 
correlates to approximately 5,000 to 8,000 mg/day (or 33,333 to 50,000 mg/kg body weight/day). No 
adverse effects were identified in any of the measured parameters. Based on these results, the authors 
asserted that juice pressed from unripe Z. mauritiana jujube fruit is likely to be of benefit to human 
consumers. 

(b) (4)
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As part of a study conducted to evaluate the effect of “high doses” of Iranian jujube on biochemical and 
hematological parameters in rats, Safizadeh et al. (2016) administered groups of healthy male Wistar rats 
(7/group) either 0, 150, 500, 1,000, 2,000, or 5,000 mg of jujube extract/kg body weight/day via gavage for 
14 days. The extract test article used in this study was prepared by subjecting 5 g of dried jujube fruit to 
extraction in 100 mL of boiling water for 2 hours, followed by freeze drying. Test animal body weights were 
measured at the beginning and end of the dosing period, and blood samples were collected upon study 
completion. Hematological analysis was conducted to measure red blood cells, hemoglobin, packed cell 
volume, total white blood cells, leukocyte count, and thrombocyte count. Biochemical analyses were 
conducted on fasting blood sugar, lipid profile (cholesterol, triglyceride, low-density lipoprotein, 
high-density lipoprotein), total protein, albumin, and total bilirubin. Various additional parameters were 
also monitored as an assessment of liver function (i.e., ALT, AST, alkaline phosphatase, and lactate 
dehydrogenase) or kidney function (i.e., BUN, CRE, and uric acid). No changes in body weight, hematological 
and biochemical parameters, or mortality were observed in any of the Jujube treatment groups. Small but 
significant increases in each of the liver enzymes were observed in rats administered doses of ≥2,000 mg of 
jujube fruit extract/kg body weight/day. Significant increases in BUN, CRE, and uric acid were also noted in 
rats administered 5,000 mg of jujube fruit extract/kg body weight/day. While the study authors concluded 
that administration of 5,000 mg of aqueous jujube fruit extract/kg body weight/day did not result in 
hepato- or nephro-toxicity in rats over the 14-day period, a more conservative no-observed-adverse-effect 
level (NOAEL) of 1,000 mg/kg body weight/day in rats was chosen for the purposes of this safety 
assessment. 

In another study, conducted primarily to evaluate the antidiabetic activity of various Z. mauritiana fruit 
extracts, a preliminary acute toxicity study was conducted in which groups of 5 healthy female Wistar rats 
were provided single oral doses (2,000 mg/kg body weight) of crude aqueous jujube fruit extract (25 g of 
fruit in 200 mL of boiling water for 15 minutes, followed by evaporation) or a range of other fractionated 
solvent extracts (Jarald et al., 2009). The Z. mauritiana fruit used to prepare the test article was harvested in 
Tamil Nadu, India, where aqueous extracts of Z. mauritiana fruit are regularly consumed in traditional 
herbal preparations. Test animals were monitored for 14 days post-dose for mortality and general behavior, 
in accordance with Organisation for Economic Co-operation and Development Test Guideline 420 (Acute 
Oral Toxicity - Fixed Dose Procedure). No adverse effects were noted, and the authors concluded that 
2,000 mg/kg body weight of crude aqueous jujube fruit extract is safe for oral consumption. 

Taking into account the intended use level of 0.5 g of Jujube Fruit Extract powder/day (i.e., 0.25 g of jujube 
fruit extract/day or 3.57 mg/kg body weight/day in a 70-kg adult human), along with the lowest NOAELs 
that can be reasonably inferred from the results from these studies (up to 50,000 mg/kg body weight/day 
for unripe Z. mauritiana fruit juice, or 1,000 mg/kg body weight/day for aqueous jujube extracts) 
(Padmanabhan et al., 1993; Jarald et al., 2009; Safizadeh et al., 2016), margins of safety of 14,000 and 280, 
respectively, were calculated. 
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C.4 Safety Narrative of the Dietary Supplement 

TCI intends to introduce Jujube Fruit Extract powder to the U.S. marketplace as a dietary supplement. The 
following narrative provides a concise summary of the scientific basis that establishes the use of Jujube Fruit 
Extract powder as a dietary supplement that is reasonably expected to be safe when used under the 
conditions described herein.  

The raw material, Indian jujube fruit from Z. mauritiana, has a long history of safe use as a food in the 
human diet in many Asian and African countries, such as India, Pakistan, Afghanistan, Algeria, Egypt, Kenya, 
Zimbabwe, Malaysia, Japan, Nepal, Australasia, the Philippines, the territory of Pacific Islands, and various 
other subtropical regions of the globe (Nyanga, 2012; Oshima et al., 2014; Prakash et al., 2021). The 
Z. mauritiana tree (sometimes referred to erroneously as “Ziziphus jujuba,” a distinct species of 
jujube-bearing fruit tree) bears fruit that is also referred to as Indian plum, Chinese date, ber, or dunks, 
among an extensive range of other colloquial names, and is commercially farmed for use in foods due to its 
nutritional composition (richness in ascorbic acid, minerals, and carbohydrates) (FAO, 2001; Azam-Ali et al., 
2006; Pareek, 2013; Prakash et al., 2021) and anti-oxidant content (Zozio et al., 2015; Delfanian et al., 2016; 
Koley et al., 2016; Mateen and Phanikumar, 2018; Aldhanhani et al., 2022), or for use in traditional 
medicines (Morton, 1987; Jarald et al., 2009; Shahrajabian et al., 2019). In countries where the wild jujube 
fruit grows, it is common for the fruit to be consumed fresh daily throughout the harvest season or in a 
dehydrated form when the fruit is not “in season” (Nyanga et al., 2013). 

The ripe and unripe fruit of the Z. mauritiana plant are both regularly consumed raw; however, it is also 
common for the fruit to be pickled, candied, or used in the preparation of butters, beverages (alcoholic and 
non-alcoholic), cakes, chutneys, fruit snacks, frying oils, jams, salsas, sauces, spiced desserts, and other 
sweet fruit condiments (see Section C.2.1). Based on the described food uses of this fruit from the scientific 
literature, and reference amounts customarily consumed for each of the noted food uses (e.g., raw fruits, 
fruits for young children, chutneys, relishes, etc.) in the U.S. (U.S. FDA, 2018), it can be reasonably expected 
that, globally, typical serving sizes of Indian jujube fruit range from 15 to 125 g per eating occasion (Dairou 
et al., 2014). These serving sizes, corresponding to regular consumption of individual foods containing 
Z. mauritiana fruit, far exceed  

 

(b) (4)

(b) (4)
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Currently, the TFDA lists Indian dates (i.e., Z. mauritiana fruit) as a raw material permitted for use in food 
and further categorizes them as being available for direct consumption (TFDA, 2017).  

 
 

Furthermore, the margin of safety from the proposed recommended use level of TCI’s Jujube Fruit Extract 
powder as an NDI relative to the long history of safe use is  as established by regular global dietary 
consumption of the raw Indian jujube fruit from Z. mauritiana (both ripe and unripe) and the documented 
commercialization of dietary supplement products in China that contain the NDI. The well-established 
history of Z. mauritiana fruit use in the human diet strongly supports a conclusion that the NDI is 
“reasonably expected to be safe” under the conditions of intended use. This conclusion is consistent with 
the U.S. FDA’s position on establishing appropriate margins of safety to establish the safety of NDIs: 

When the notification relies on a history of safe use, a margin of safety should be calculated 
based upon the historical levels of the NDI that were safely consumed and the NDI intake 
levels that would result from the conditions of use proposed in the notification. A margin of 
safety of one (or less than one) corresponds to the argument that a history of safe use alone 
is sufficient to demonstrate the safety of the proposed use based on conditions of use that are 
the same or lower, respectively, than the conditions of historical use. 

In conclusion, the weight of the scientific evidence supports that the use of Jujube Fruit Extract powder as 
an NDI at levels of up to 0.5 g/day is reasonably expected to be safe. 

(b) (4)

(b) (4)
(b) (4)
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