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Abstract
Background: Different processing approaches could usually alter contents of different nutritional ingredients for wheat grains which
bene�ts human health. The present study is aimed to assess the dietary �ber and other nutritional ingredients of purple wheat (Jizi439)
bran via proper processing and to analyze its bene�ts to prevent diseases and enhance health so as to prove the dietary �ber powder
made from purple wheat Jizi439 to be an effective health food.

Methods: Approach I Pulverizing: Purple wheat bran was put into blade pulverizer to get the pulverized bran into particles with a 60-
meshdiameter. Pu�ng: The pulverized bran was sprayed with pure water to moisten the bran, making its moisture reach 22%. The
moistened bran was put into twin-screw bulking machine under a temperature of 135 ℃ , and puffed at 400 r/min, to get puffed pellets.
Milling: The puffed bran pellets were put into wall mill under 32℃ and 6 – 7 MPa and at 350 r/min to get dietary �ber powder (DFP) in
particles with a 130-mesh diameter. Approach II: Except for the processing parameters, the procedure of Approach II was the same as
Approach I.      

Results: The signi�cant increase of nutritional elements contents in dietary �ber powder have been found when it is processed via
different approaches. Different processing treatment and processing parameters bring forth different effects on the nutritional elements
which are released from purple wheat bran. It is indicated that the contents of SDF produced via Approach I is greatly higher than that
of the SDF produced via Approach II ( p ≤0.01), which suggests that Approach I is much effective for processing purple wheat bran for
producing solvable dietary �ber

Conclusions: Purple wheat bran is a high-effective health food, but only it is properly processed. Different processing has different
impacts on the active substances of the purple wheat bran powder related to health function. In this study, only Approach I helps to
increase the health nutritional ingredients which bring forth positive effects on the enhancement of health function, while Approach II
fail to improve the function on health enhancement.

Keywords: Dietary �ber powder, Purple wheat bran; Health food; Disease prevention

1 Introduction
It draws an increasing public concern to explore the new health food resource for their hygienic function to prevent some diseases[1–3],
in particular hypertension, type 2 diabetes, hyperlipidemia, and coronary heart disorder[4–6], seriously a�icting human being, of which
diabetes has become a major non-infectious disease threatening human health in the world next to malignant tumor, cardiovascular
and cerebrovascular troubles [7–13]. Compared with the chemical medicines, such kinds of foods with medicinal function have a
vantage devoid of aftereffects when they are used in the program of dietary therapy.

It is the dietary �ber in cereal grain bran that is such a kind of the above-mentioned health food resource [3, 14]. Dietary �ber is a kind of
food material that is not digestible by the human small intestine and only partially digestible by the large intestine. It is bene�cial in the
diet because it relieves and prevents constipation, appears to reduce the risk of the cancer [14–15], plasma cholesterol levels [16] and
therefore lower the risk of heart disease. The previous studies suggest an inverse relationship between �ber intake and colon cancer risk
[17–18] and show that the �ber also can attenuate the type 2 diabetes [19, 20].

The bran of purple wheat (Jizi439, hereafter “the purple wheat” refers to “Jizi439” if not speci�ed in this paper)is rich in dietary �ber that
has an effect of medication [20] as well as high-nutritional value [21].

Rich in dietary �ber and other high-nutritive-value substances in its grains, purple wheat Jizi439 is a miraculous variety as a health
cereal food with positive effects on longevity and disease prevention. It contains a plenty of active substances, such as anthocyanin,
ferric, resistant starch and phenolic acids (including fatty acid, sinapic acid,vanillic acid, etc.) of which are devoid or short in white
wheat. In particular, the content of fatty acid is considerably higher than that of white wheat.

According to the previous studies [3, 14], it is supposed that the bran of purple wheat would be a high-quality resources of dietary �ber
with multiple nutritive substances. It is signi�cant to explore the value of dietary �ber of purple wheat bran to make it possible to
develop health food with both medicational effects and high nutritive value.

As we all know, wheat bran, the wheat seed coat, is the by-product of �our processing. It, however, is unsuitable for direct use as food
because of palatability. Intensive processing is required for the improvement of its palatability and releasing the bene�cial nutritional
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ingredients.

The objective of the present study is to assess the dietary �ber and other nutritional ingredients of purple wheat (Jizi439) bran via the
proper processing and to analyze its bene�ts to prevent diseases and enhance health so as to prove the dietary �ber powder made from
purple wheat to be an effective health food resource.

2 Materials And Methods

2.1 Materials

2.1.1 Raw materials
The purple grain bran made by removal of 95% wheat �our of Jizi439[21], a purple wheat variety, developed by Professor Li Xingpu et
al, Institute of Cereal and Oil Crops, Hebei Academy of Agricultural and Forestry Sciences, was used to be processed into dietary �ber
powder (DFP).

2.1.2 Bran powder sample for nutrient chemical analysis
The processed bran powder, acquired by Approach I and Approach II (see the next two sections), was used for nutrient chemical
analysis.

2.2 Dietary �ber powder processing

2.2.1 Approach I
With Approach I, DFP of purple wheat grain is processed as follows:

Pulverizing
Purple wheat grain bran was put into blade pulverizer to get the pulverized bran into particles with a 60-mesh diameter.

Pu�ng
The pulverized bran was sprayed with pure water to moisten the bran, making its moisture reach 22%. The moistened bran was put into
twin-screw bulking machine under a temperature of 135℃, and puffed at 400 r/min, to get puffed pellets.

Left: The purple wheat bran with a 60-mesh diameter.

Right: The dietary �ber powder with a 130-mesh diameter

Milling
The puffed bran pellets were put into wall mill under 32℃ and 6–7 MPa, at 350 r/min to get dietary �ber powder (DFP) in particles with
a 130-mesh diameter.

2.2.2 Approach II
With Approach II, DFP of purple wheat grain bran was processed as follows:

Pulverizing
Purple wheat bran was put into blade pulverizer to get the pulverized bran into particles with a 45-mesh diameter.

Pu�ng
The pulverized bran was sprayed with pure water to moisten the bran, making its moisture reach 15%. The moistened bran was put into
twin-screw bulking machine under a temperature of 150℃, and puffed a 450 r/min, to get puffed pellets.

Milling
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The puffed bran pellets were put into wall mill under 32–37℃ and 6–7 MPa, at 350 r/min to get DFP in particles with a 130-mesh
diameter. .

2.3 Chemical analysis
The processed dietary �ber powder of purple wheat and the unprocessed purple grain bran were tested by ICAS Testing Technology
Services (Shanghai) Co., Ltd. Protein was determined by Kjeldahl analysis descripted as GB 5009.5–2016)[22]. Starch was determined
by the method of GB 5009.9–2016 [23]. Solvable dietary �ber (SDF), insolvable dietary �ber (IDF) and Total �ber were tested by the
method of GB/T 5009.88–2014[24]. Magnesium, Ferric, Zinc, Manganese, Cuprum, Chromium and Selenium were tested by the method
of GB 5009.268–2016 [25] in products was determined by atomic absorbent spectrophotometry (atomic �uorescence spectrometer,
AFS-2201, China).

2.4 Statistical analysis
The data were analyzed with a general linear model (ANOVA) followed by Tukey's multiple comparison test. Values of p ≤ 0.05 were
considered statistical signi�cance. All the statistical analyses were performed by use of the SPSS software v19 (SPSS Inc, USA).

3 Results

3.1 The altercation of nutritional ingredients in bran �ber powder via
Approach I
The results show that the altercations of nutritional ingredients in purple wheat bran can be found after the bran is processed via
Approach I (Table 1 and Table 2).

As shown in Table 1, a signi�cant increase of SDF(p ≤ 0.05) and, a decrease of IDF (p ≤ 0.05), without signi�cant change of total �ber
by Approach I, are found among the organic nutritional ingredients (ONI), compared with those of the unprocessed bran. It is indicated
that IDF could turn to SDF by Approach I. The content of SDF by Approach I has been increased by as high as about 1.4 times
compared with that of the unprocessed samples (p ≤ 0.05). It is of signi�cance for such a result because solvable dietary �ber is proved
to be an effective health nutritional substance, which can reduce the risk of some cancers [14–15], plasma cholesterol levels [16] and
therefore the risk of cardiovascular disorder.

Table 1
The altercation of ONI in purple wheat (Jizi 439) bran via of Approach I

  Protein
(%)

Starch
(%)

SDF
(%)

IDF
(%)

Total �ber
(%)

Unprocessed bran 16.90 38.00 1.81 43.10 44.91

Bran �ber powder 16.10 40.12 4.29** 40.26* 44.55

Similarly, it is also found that the contents of sundry micronutritional elements have altered after the bran is processed via Approach I
(Table 2).

Table 2
The altercation of microelements in purple wheat (Jizi 439)bran via of Approach I

  Magnesium
(mg/kg)

Ferric
(mg/kg)

Zinc(mg/kg) Manganese(mg/kg) Cuprum(mg/kg) Chromium
(mg/kg)

Selenium
(ug/kg)

Unprocessed
bran

4644.64 128.86 92.06 175.82 17..46 0.22 150.0

Bran �ber
powder

4454.72** 157.13** 99.92** 141.28** 19..20* 0.60** 191.0**

A signi�cant increase of several mincronutrients by Approach I, such as Ferric, Zinc, Chromium and Selenium (p ≤ 0.01) and Cuprum (p 
≤ 0.05), compared with that of unprocessed bran, which are bene�cial to prevent sundry diseases (Table 1). For example, Chromium
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can reduce the risk of suffering from diabetes [26]; and Selenium can reduce the risk of cancer [27–28].

3.2 The altercation of nutritional ingredients in bran �ber powder of purple
wheat via Approach II
When processed via Approach II, the different organic nutritional ingredient variables in purple wheat bran have also changed, but in a
reverse tendency, except for the starch, with the change that are brought forth by Approach II(Table 3 ).

Table 3
The altercation of ONI in purple wheat (Jizi 439)bran via of Approach II

  Protein
(%)

Starch
(%)

SDF
(%)

IDF
(%)

Total �ber
(%)

Unprocessed bran 16.31 38.20 1.60 42.02 43.62

Bran �ber powder 14.11* 43.52** 1.51 38.08* 39.59**

Table 3 shows that all the organic nutritional ingredients except starch are decreased, compared with that of unprocessed bran, after
the purple wheat bran is processed via Approach II.

It is also found that the contents of organic Chromium and Selenium, two important micronutritional elements just slightly alter (p > 
0.05)after the bran is processed via Approach II (Table 4). So, it is inferred that the bran �ber powder processed via Approach II would
bring less bene�cial to the health enhancement compared DFP processed via Approach I.

Table 4
The altercation of microelements in purple wheat (Jizi 439)bran via of Approach II

  Magnesium
(mg/kg)

Ferric
(mg/kg)

Zinc
(mg/kg)

Manganese
(mg/kg)

Cuprum
(mg/kg)

Chromium
(mg/kg)

Selenium
(ug/kg)

Unprocessed bran 4548.04 125.86 91.055 170.825 17..00 0.256 148.30

Bran �ber powder 4554.72 160.13** 92.92 163.28* 19..30** 0.278 151.25

3.3 The comparison for the effects of the different processing approaches
on the dietary �ber of purple wheat bran powder
The different altercations of nutritional ingredients in purple wheat bran powder have been found when the powder is processed via
different processing approaches. In other words, different processing approaches and processing parameters can bring forth different
effects on the nutritional ingredients. Table 5 shows the direct comparison of the effects of Approach I and Approach II on the nutrients.
It indicates that the contents of SDF produced via Approach I is greatly higher than that of the SDF produced via Approach II (p ≤ 0.01),
which suggests that Approach I is much effective for processing purple wheat bran for producing solvable dietary �ber, the effective
ingredient for the health of human body as many previous studies reported[4–6, 9, 12, 26].

Table 5
Comparison of dietary �ber of purple wheat

bran via Approach I and Approach II

  SDF
(%)

IDF
(%)

Total �ber
(%)

Approach I 4.29** 40.26* 44.55*

Approach II 1.51 38.08 39.59
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In summary, the purple wheat bran powder has been proved to be an effective health food because its high content of health
ingredients, such as dietary �ber, chromium and selenium, which is bene�cial to reduce the risk of cardiovascular disorder, diabetes and
some cancers [5, 14, 18, 28].

Abbreviations

4 Discussion
Many studies have proved that dietary �ber is an e�cient health food which can lower the risk of some diseases and has a host of
bene�ts for the health of human being. Wheat grain bran, especially the purple wheat bran, is rich in dietary �ber (see Table 1). Like
herbal drug, the purple wheat bran has effects both on toni�cation and on enhancing the immunity of human body. According to the
previous studies, we can conclude that dietary �ber functions on the prevention of at least three kinds of diseases. First is to ward off
heart troubles because it can help to reduce cholesterol in human body and lower blood pressure, so it may lower the risk of heart
disease and apoplexy [4, 5, 9, 12]. Second is to prevent diabetes, especially type 2 diabetes [6, 19, 27]. Feeding dietary �ber can help to
slow the evolution of diabetes because �ber can improve insulin sensitivity and regulate blood sugar levels [31, 34]. Third is to keep the
gastrointestinal health because dietary �ber helps to stave off gastrointestinal disorders, such as diverticulitis, constipation,
hemorrhoids, etc. [3, 13]. Furthermore, �ber-enriched foods can help to keep one feel full on fewer calories and eating a high-�ber food
can help one lose more weight than a low-�ber foods while lower weight is conducive to relieving hypertension[35–36].

However, the purple wheat bran should be properly processed to make the active ingredient released as well as improve its palatability.
The present study proves that Approach I is the adequate method for processing purple wheat bran to improve its health function. When
the bran is processed via Approach I, the content of solvable dietary �ber reaches as high as 4.29%, much higher than that of the
unprocessed bran powder (p < 0.05). On the contrary, the content of solvable dietary �ber just slightly lower than that of the
unprocessed bran powder (p > 0.05) when the bran is processed via Approach II. Therefore, Approach II is unsuitable for processing the
purple wheat bran because it cannot make the active substances release.

The experiments indicate that the content of total dietary �ber decreases while the solvable dietary �ber increases after the bran is
subjected to super�ne grinding. Therefore, the processing can improve the e�ciency of dietary �ber utilization because the solvable
dietary �ber can be effectively assimilated by human body. The more solvable dietary �ber releases after processing, the more effective
the processing method. In the present research, it is proved that Approach I to be the better choice for processing procedure.

Apart from the high content of dietary �ber, the purple wheat bran also contains a high level of the organic Chromium as one of the
essential microelements for human body and it plays a substantial role in maintaining and regulating proper levels of carbohydrate,
lipid metabolism and in enhancing insulin signaling [20, 21, 29–31]. Most researches have proved that the supplement of Chromium is
bene�cial to the type 2 diabetes patients [26, 31–33], though a few studies reach a contrary conclusion [34].

The bran powder of Jizi439, a commendable purple wheat variety, is rich in solvable dietary �ber and organic Chromium. As a result, its
bran powder can afford a medicational effect to help lower the risk of heart troubles, diabetes and even cancers as well as nutritional
value as long as it is properly processed. The dietary �ber powder of purple wheat bran is a kind of health food and it will be found that
its prospective application to the prevention of different diseases which a�ict human being.

5 Conclusions
From the above analysis, the following conclusions can be reached:

5.1 Purple wheat bran is a high-effective health food, but only it is properly processed (via Approach I) to make the nutritional
ingredients release from the bran (see Table 1 and Table 2) as well as make it more palatable, while inadequate processing cannot
improve such a health enhancement function.

5.2 Different processing approaches have different impacts on the active substances of the purple wheat bran powder related to health
function. In this study, only Approach I helps signi�cantly to increase the health nutritional ingredients (see Table 1 and Table 2) which
bring forth positive effects on the enhancement of health function, while Approach II fail to improve the function on health
enhancement because organic nutritional ingredients as active substances remains unchanged, compared with the unprocessed bran
(see Table 3 and Table 4).In other words, Approach I is more effective than Approach II for processing wheat grain bran to produce
solvable dietary �ber.
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DFP dietary �ber powder

IDF Insolvable dietary �ber

ONI Organic nutritional ingredients

SDF Solvable dietary �ber

Declarations
Acknowledgments

We thank Dr. ZHIJIE Feng for his valuable comments on the manuscript.

Authors’ contributions

L X-P, the corresponding author, contributed to the conception and design of this study, led the implementation of the project, and to the
modifying of the manuscript. Z Y-L the corresponding author, contributed to the conception and design of this study, analysis and
modi�cation of the manuscript. M Y-N conducted majority of the data collection and analysis and contributed to the writing of the
manuscript. S-Q L conducted some of the data collection and analysis and contributed to the writing of the manuscript. M Y-N and L S-
Q contributed to the study equally. L Y-P, N Z-H and G G-Y contributed to participate in the formulation of processing technology of the
study.

All authors have read and approved the �nal manuscript.

Funding

This work was supported National key research and development project (2016YFD0100102-5), National Science and Technology
Underpinning Project of China (2013BAD01B02-11), Hebei Province Support Project (16226320D) and Key R & D Plan of Hebei Province
(19226361D).

Availability of data and materials

The data can be made available on reasonable request to the corresponding

author.

Ethics approval and consent to participate

Not applicable.

Consent for publication

All authors have given consent for the paper to be published by the

corresponding author.

Competing interests

The authors declare that they have no competing interests.

Author details

1 Institute of Cereal and Oil Crops, Hebei Academy of Agriculture and Forestry Sciences/Hebei Research Station of Crop Gene Resource
& Germplasm Enhancement, Ministry of Agriculture/Key Laboratory of Genetics and Breeding of Hebei Province, Shijiazhuang, 050031,
P.R.China

2 Institute of Cash Crops, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang, 050051, P.R.China



Page 8/10

3 Guantao County Huayezhuangyuan Black Wheat Industry Co. Ltd, Guantao, 057750, P.R.China

4 Guantao County Agricultural and Animal Husbandry Bureau, Guantao, 057750, P.R.China

References
1. Vahouny GV and Kritchevsky D. Dietary Fiber in Health and Disease[M]. pp 330. Plenum Press, New York and London. 1982; 12 4 :

190. Available from:https://doi.org /10.1007/978-1-4615-6850-6.

2. Suzuki, M. Relation between intake of dietary �ber and disease in male adults. Japanese Journal of Nutrition, 1980;38(2):123-128.
Available from: https://doi.org/10.5264/ eiyogakuzashi.38.123.

3. Maffei L, Verena H. Dietary �ber and wheat bran in childhood constipation and health. In: Watson RR, Preedy VR, Zibadi S. Wheat
and rice in disease prevention and health. San Diego: Elsevier (AP), 2014; 227-239. Available from: https://doi.org/10.1016/b978
-0-12-401716-0.00018-0.

4. Anderson JW, Tietyen-Clark Dietary �ber: Hyperlipidemia, hypertension, and coronary heart disease.American Journal of
Gastroenterology,1986;81(10):907-919. Available from: https://www.ncbi.nlm.nih.gov/pubmed/3020969.

5. Huang T, Zhang X. Dietary �ber intake and mortality from all causes, cardiovascular disease, cancer, Infectious diseases and
others: A Meta-Analysis of 42 prospective cohort studies with 1,752,848 participants[J]. Am. J. Med. Sci., 2015; 8:59-67. Available
from: https://najms.com/index.php/najms/article/view/51.

�. Weickert MO, Pfeiffer AF. Preventing type 2 diabetes: what does dietary �ber achieve?. Fortschritte der Medizin, 2005; 147(17):28-
30. Available from:https://link.spr -inger.com/article/ 10.1007/s10389-005-0131-0.

7. Lairon D, Arnault N, Bertrais S, Planells R, Clero E, Hercberg S, Boutron-Ruault MC. Dietary �ber intake and risk factors for
cardiovascular disease in French adults[J]. American Journal of Clinical Nutrition, 2005; 82(6):1185-1194. Available from:
https://doi.org/10.1093/ajcn/82. 6.1185.

�. Janghorbani M, Stenhouse EA, Jones RB, Millward BA. Is neighbourhood de 2 privation a risk factor for gestational diabetes
mellitus[J]. Diabet Med, 2006; 23(3):313-317. Available from:https://doi.org/10.1111/j.1464-5491.2006.01774.x.

9. Pereira MA, Pins JJ. Dietary �ber and cardiovascular disease: Experimental and epidemiologic advances. Curr Atheroscler Rep 2,
2000; 494-502. Available from: https://doi.org/10. 1007/s11883-000-0049-5.

10. King Dietary �ber, in�ammation, and cardiovascular disease[J]. Molecular Nutrition & Food Research, 2005; 49, (6):594-600.
Available from:https://doi.org/10.1002/ mnfr.200400112.

11. Riccardi G, Ciardullo Dietary Fiber in the Prevention of Cardiovascular Disease[M]. In: Advances in Experimental Medicine & Biology,
1993; 348:99-104. Available from: https://doi.org/10.1007/978-1-4615-2942-2_10.

12. Rosamond WD. Dietary �ber and prevention of cardiovascular disease[J]. J Am Coll Cardiol 2002; 39:49-56. Available from:
https://doi.org/10.1016/S0735-1097(01)01685-0.

13. Burk V, Hodgson JM, Beilin LJ, Giangiulioi N. Rogers P and Puddey IB. Dietary protein and soluble �ber reduce ambulatory blood
pressure in treated hypertensives Hypertension, 2001; 38: 821– Available from: https://www.ncbi.nlm.nih.gov/pubmed/11641293.

14. Richard M. Wheat Bran, Colon Cancer, and Breast Cancer: What Do We Have? What Do We Need? Dietary Phytochemicals in Cancer
Prevention and Treatment.pp 221-229. Available from:https://doi.org/10.1007/978-1-4613-0399-2_20.

15. Liang Y. Effect of high �ber diet on prevention of constipation after transcatheter arterial chemoembolization for liver cancer.
Journal of Qiqihar University of Medicine, 2016; 28,3611-3612. Available from: http://www.en.cnki.com.cn/Article _en/CJFDTOTAL-
QQHB201628056.htm.

1�. Grundy SM, Florentin L, Nix D. Comparison of monounsaturated fatty acids and carbohydrates for reducing raised levels of plasma
cholesterol in man[J]. The American Journal of Clinical Nutrition, 1988; 6(1):47(6)965-969. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/3376911.

17. Reddy BS,Simi B, Engle A. Biochemical epidemiology of colon cancer: Effect of types of dietary �ber on colonic diacylglycerols in
women. Gastroenterology, 1994; 106(4): 883-889. Available from: https://www.ncbi.nlm.nih.gov/pubmed/8143994.

1�. Reddy BS, A Engle, S Katsi�s.  Biochemical epidemiologyof colon cancer. Effect of types of dietary �ber on fecal mutagens, acid,
and neutral sterols in healthy subjects. Cancer Research, 1989; 49,(16):4629-4635. Available from:
https://www.ncbi.nlm.nih.gov/pubmed /2545348.

http://xueshu.baidu.com/usercenter/paper/show?paperid=87cbe997cdec3e1f67d97dc55acdd799
https://doi.org%20/10.1007/978-1-4615-6850-6
http://xueshu.baidu.com/s?wd=author%3A%28Suzuki%2C%20M%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://www.cabdirect.org/abstracts/19811419958.html
https://doi.org/10.5264/%20eiyogakuzashi.38.123
http://xueshu.baidu.com/s?wd=author%3A%28J%20W%20Anderson%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28J%20Tietyen-Clark%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM3020969
https://www.baidu.com/link?url=tVu1YOI9tOetEmITZiJ8kANwHR9uQnedMG_XbxsLs-BrtWKG-SHw2rBKiDCHkuf-nCmW7v7hkLfVsKLAge6kaNdeIurTrE8Ecka1i8bGlbsJ0nshDumS3FFxKNTsfgO8mjWVah-XQTo5Kt0dIizAY0QOCto5Bh8ZUsL9kDemmhqUwCmGgRUNb2omwjnNFeu_9zN6IkhmZy0m55H34Ndp2CrDgBhEwomAoq97XGQtFhUKwyFo5-6xnP2VOLOFOeLcaLVurq2WZ2-5E95KXYGDx_&wd=&eqid=9276be2a00148a6f000000025ded11af
https://www.ncbi.nlm.nih.gov/pubmed/3020969
https://najms.com/index.php/najms/article/view/51
https://test.europepmc.org/search?query=AUTH:%22M%20O%20Weickert%22&page=1
https://test.europepmc.org/search?query=AUTH:%22A%20F%20H%20Pfeiffer%22&page=1
https://link.spr%20-inger.com/article/%2010.1007/s10389-005-0131-0
http://xueshu.baidu.com/usercenter/paper/show?paperid=45d1deaa0a44052253127e224fe0820c
https://doi.org/10.1111/j.1464-5491.2006.01774.x
http://xueshu.baidu.com/s?wd=author%3A%28Mark%20A.%20Pereira%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM11122784
https://doi.org/10.%201007/s11883-000-0049-5
http://xueshu.baidu.com/usercenter/paper/show?paperid=9007e2023c1543b48c9175c928656a17
http://xueshu.baidu.com/s?wd=journaluri%3A(2b79b7d50443cf43)%20%E3%80%8AMolecular%20Nutrition%20%26%20Food%20Research%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dpublish&sort=sc_cited
https://doi.org/10.1002/%20mnfr.200400112
http://xueshu.baidu.com/s?wd=author%3A(Gabriele%20Riccardi)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A(Anna%20V.%20Ciardullo)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/usercenter/paper/show?paperid=64dc530ab4012bc1ef0211438fb85925
http://xueshu.baidu.com/s?wd=journaluri%3A(87eb480d71c56ff0)%20%E3%80%8AAdvances%20in%20Experimental%20Medicine%20%26%20Biology%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dpublish&sort=sc_cited
https://doi.org/10.1007/978-1-4615-2942-2_10
http://www.sciencedirect.com/science/article/pii/S0735109701016850
https://doi.org/10.1016/S0735-1097(01)01685-0
https://www.ncbi.nlm.nih.gov/pubmed/11641293
https://link.springer.com/book/10.1007/978-1-4613-0399-2
https://doi.org/10.1007/978-1-4613-0399-2_20%20
http://en.cnki.com.cn/Journal_en/E-E000-QQHB-2016-28.htm
http://www.en.cnki.com.cn/Article%20_en/CJFDTOTAL-QQHB201628056.htm
https://www.ncbi.nlm.nih.gov/pubmed/3376911
http://xueshu.baidu.com/s?wd=author%3A%28Reddy%2C%20Bandaru%20S.%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28%20Simi%2C%20Barbara%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28%20Engle%2C%20Althea%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM8143994
https://www.ncbi.nlm.nih.gov/pubmed/8143994
https://www.ncbi.nlm.nih.gov/pubmed/8143994
http://xueshu.baidu.com/s?wd=author%3A(Reddy%20BS)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A(A%20Engle)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A(S%20Katsifis)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/usercenter/paper/show?paperid=66cbe2b315c8a91156b023fd4997e743
https://www.ncbi.nlm.nih.gov/pubmed%20/2545348


Page 9/10

19. Jenkins AL, Jenkins DJA, Zdravkovic U, Wursch P, Vuksan V. Depression of the glycaemic index by high levels of beta-glucan �bre
in two functional foods tested in type 2 diabetes. Eur J Clin Nutr, 2002; 56(7): 622-628. Available from: https://www.
nature.com/articles/1601367.

20. Lan SQ, Meng YN, Li XP, Zhang YL, Song GY, Ma HJ. Effect of consumption of micronutrient enriched wheat steamed bread on
postprandial plasma glucose in healthy and type2 diabetic subjects. Nutrition Journal, 2013; 12(1): 64-70. Available from:
https://www.nature.com/articles/1601367.

21. Francis C. Lau, Manashi Bagchi, Chandan K. Sen and Debasis Bagchi: Nutrigenomic basis of bene�cial effects of chromium(III) on
obesity and diabetes[J]. Molecular and Cellular Biochemistry, 2008; 317(1-2):1-10. Available from: https://www.ncbi.nlm.nih.gov/
pubmed/18636317.

22. GB 5009.5-2016. Standards of the people's Republic of China. State commission of health and family planning and state
administration of food and drug administration of the people's republic of China. Available from: https://www.tech-
food.com/kndata/detail/k0226944.htm.

23. GB 5009.9-2016. Standards of the people's Republic of China. State commission of health and family planning and state
administration of food and drug administration of the people's republic of China. Available from:
http://down.foodmate.net/wap/index.php?moduleid=23& itemid=50384.

24. GB/T 5009.88-2014. Standards of the people's Republic of China. State commission of health and family planning and state
administration of food and drug administration of the people's republic of China. Available from:
http://down.foodmate.net/standard/sort/3/47741.html.

25. 268-2016. Standards of the people's Republic of China. State commission of health and family planning and state administration
of food and drug administration of the people's republic of China. Available from: http://down.foodmate.net/wap/index.php?
moduleid= 23&itemid=50423.

2�. Shamberger RJ. Relationship of Selenium to Cancer : I. Inhibitory Effect of Selenium on Carcinogenesis. Nat. Cancer. Inst., 1970;
44: 931-936. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-4887.1985.tb02397.x.

27. Brune D,   Nordberg IGF, Wester PO.  Protective Effect of Selenium on Lung Cancer in Smelter Workers[J]. British Journal of
Industrial Medicine.1985; 42(9):617-626. Available from: https://www.ncbi.nlm.nih.gov/pubmed/4041390.

2�. Cui H, Yang Y, Bian L, He M. Effect of food composition of mixed food on glycemic index. Journal of Hygiene Research, 1999; 28:
356-358. Available from: https://www.ncbi.nlm.nih.gov/pubmed/12016989.

29. Yang L, Zhang L, Yang Z, Chen FJ, Meng DX, Qi S F: Effects of organic chromium on the Metabolism of sugar and lipid
experimental Diabetic Rats[J]. Chinese Journal Cardiovase Rehabli Medical, 2004; 13(3):203-204. Available from:
http://en.cnki.com.cn/Article_en /CJFDTotal-XXGK200403000.htm.

30. Kong LF, Jiang YQ, Li Q, Hou YS, Qian C, Liu GL. Effect of Organic Chromium on Erythrocytic Insulin Receptor in Patients with Type
2 Diabetes Mellitus. Chinese Journal of Clinical Nutrition, 2006; 14(1):47-50. Available from:
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZGLZ200601015.htm.

31. John B V. Recent developments in the biochemistry of chromium(III) . Biological Trace Element Research, 2004; 99(1-3):1-16.
Available from: https://www.ncbi.nlm. nih.gov/pubmed/15235137.

32. Yang YX, Wang HW, Cui HM, Wang Y, Yu LD, Xiang SX, Zhou SY. Glycemic index of cereals and tubers produced in China[J]. World J
Gastroenterol. 2006; 12(21): 3430-3433. Available from: https://www.ncbi. nlm.nih.gov/pubmed/16733864.

33. Ali A, Ma Y Reynolds J Wise, J. P, Inzucchi SE, Katz DL. Chromium effects on glucose tolerance and insulin sensitivity in persons at
risk for diabetes mellitus[J]. Endocr Pract, 2011; 17(1):16-25. Available from: https://www.ncbi.nlm.nih.gov/pubmed/20634174.

34. Kleefstra N,Houweling ST, Bakker SJ, Verhoeven S, Gans RO, Meyboom-de JB, Bilo HJ. Chromium treatment has no effect in
patients with type 2 diabetes in a Western population: a randomized, double-blind, placebo-controlled trial. Diabetes Care, 2007;
30(5):1092-1096. Available from: https://www.ncbi.nlm.nih.gov/pubmed/17303791.

35. Slavin JL.,Dietary �ber and body weight. Nutrition, 2005; 21:411– Available from:
https://www.ncbi.nlm.nih.gov/pubmed/15797686.

3�. Grube B, Chong PW, Lau KZ and Orzechowski HD. A natural �ber complex reduces body weight in the overweight and obese: a
double-blind, randomized, placebocontrolled study. Obesity, 2013; 21:58– Available from:
https://onlinelibrary.wiley.com/doi/full/10.1002/oby.20244.

https://www.nature.com/articles/1601367
http://www.springerlink.com/content/?Author=Francis+C.+Lau
http://www.springerlink.com/content/?Author=Manashi+Bagchi
http://www.springerlink.com/content/?Author=Chandan+K.+Sen
http://www.springerlink.com/content/?Author=Debasis+Bagchi
http://www.springerlink.com/content/0300-8177/
https://www.ncbi.nlm.nih.gov/%20pubmed/18636317
https://www.tech-food.com/kndata/detail/k0226944.htm
http://down.foodmate.net/wap/index.php?moduleid=23&%20itemid=50384
http://down.foodmate.net/standard/sort/3/47741.html
http://down.foodmate.net/wap/index.php?moduleid=%2023&itemid=50423
http://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_PM11515060
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-4887.1985.tb02397.x
https://www.onacademic.com/search/list.html?q=%20D.%20Brune
https://www.onacademic.com/search/list.html?q=%20I.%20G.%20F.%20Nordberg%20and%20P.%20O.%20Wester
https://www.ncbi.nlm.nih.gov/pubmed/4041390
https://www.ncbi.nlm.nih.gov/pubmed/12016989
http://en.cnki.com.cn/Article_en%20/CJFDTotal-XXGK200403000.htm
http://c.wanfangdata.com.cn/Periodical-zglcyyzz.aspx
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZGLZ200601015.htm
http://www.springerlink.com/content/0163-4984/
http://www.springerlink.com/content/0163-4984/99/1-3/
http://www.wjgnet.com/1007-9327/abstract_en.asp?v=12&f=3430
http://www.ncbi.nlm.nih.gov/pubmed/20634174
https://www.ncbi.nlm.nih.gov/pubmed/20634174
https://www.ncbi.nlm.nih.gov/pubmed/17303791
https://www.ncbi.nlm.nih.gov/pubmed/15797686
https://onlinelibrary.wiley.com/doi/full/10.1002/oby.20244


Page 10/10

Figures

Figure 1

The purple wheat bran and dietary �ber powder. Left: The purple wheat bran with a 60-mesh diameter. Right: The dietary �ber powder
with a 130-mesh diameter


