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Dear Ms. Wincy Li,
We would like to resubmit the manuscript entitled “Ginsenoside and polysaccharide from co-fermented ginseng with multi-enzyme coupling probiotics improves the immunomodulatory effects in vivo” for a further review and publication in the journal Nutrients. Based on the reviewers’ comments, we have made significant revisions in a point-to-point manner (see below for details). We hope you will find that the revised manuscript now meets the standards of the journal.
Thank you very much for your consideration. We look forward to your favorable decision.

Sincerely,
Zuoming Zhang, Ph. D.
Key Laboratory for Molecular Enzymology & Engineering of the Ministry of Education, School of Life Sciences, Jilin University, Changchun 130012, China.
E-mail: zmzhang@jlu.edu.cn.
Tel. & Fax: +86-431-8515-5200.


Response to the comments from reviewers:
First, we would like to thank the reviewers for the critical examination of our manuscript. The comments are very helpful for revising the manuscript. The manuscript was carefully revised and point-by-point response was listed below. 

Response to Reviewer 3 Comments:
In the manuscript “Ginsenoside and polysaccharide from co-fermented ginseng with multi-enzyme coupling probiotics improves the immunomodulatory effects in vivo” authors present their work on co-fermenting ginseng with several enzymes and two probiotic strains (Lactobacillus rhamnosus and Bacillus amylolyticus) in order to obtain ginseng fermentation broth with higher ginsenoside, polysaccharide, protein and probiotics level. The immunomodulatory effects of prepared products were tested in vivo using immunosuppressive mice models. The work is interesting, especially in aiming to increase the amount of ginseng active compounds obtained in product. However, some improvements, mainly regarding the presentation of results, must be made and my suggestions are in the attached file.
In the introduction
[bookmark: _Hlk134565488]Point 1: the authors should expand the part about ginsenosides, provide some more information on their chemical composition (e.g. what type of steroidal compounds are ginsenosides) and the distinction between major and minor ginsenosides.
Response 1: Thank you for your kind suggestions. As required, the types of ginsenosides and their chemical composition were described in detail in the Introduction section. Meanwhile, the distinction between major and minor ginsenosides have been described in the Introduction section. The content of the major and minor ginsenosides in ginseng is different. Furthermore, it has been found that the minor ginsenosides have higher medicinal value than the major ginsenosides. Please see line 30-37 in page 1 in the revised manuscript for details.
· The ginsenosides are classified into dammarane type ginsenosides and oleanane type ginsenosides according to the difference in the position and quantity of sugar moiety in the glycosides. The dammarane type ginsenosides are subdivided into protopanaxadiol (PPD) and protopanaxatriol (PPT), while the oleanane type ginsenosides are mainly oleanolic acid type. According to the content differences in the ginseng, the ginsenosides can be classified into major ginsenosides and minor ginsenosides. Early studies have found that the medicinal value of minor ginsenosides is better than that of major ginsenosides[8,9].
· [8] Bae, E.A.; Han, M.J.; Choo, M.K.; Park, S.Y.; Kim, D.H. Metabolism of 20(S)- and 20(R)-ginsenoside Rg3 by human intestinal bacteria and its relation to in vitro biological activities. Biol Pharm Bull 2002, 25, 58-63, doi:10.1248/bpb.25.58.
Point 2: In line 29, “Ginsenoside is a type…” there is not only one ginsenoside… Also, lines 30-30, ginseng cannot be classified into “major and minor ginsenosides” please rewrite this sentence.
[bookmark: OLE_LINK3]Response 2: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we have rewritten the above sentence. Please see line 29-30 and 34-35 in page 1 in the revised manuscript for details.
· Ginsenosides were regarded as the active component of ginseng [6,7].
· [bookmark: _Hlk134567988]According to the content differences in the ginseng, the ginsenosides can be classified into major ginsenosides and minor ginsenosides.
Point 3: Line 32, what kind of report, on which basis, what are the differences in major and minor ginsenosides? This information is important because authors aim, among others is to obtain more minor ginsenosides, and later in results give some abbreviations of different ginsenosides but do not give an explanation what those are.
[bookmark: _Hlk134570232]Response 3: Thank you for your kind suggestions. we have rewritten the sentence. In the mentioned literature, researchers have found that the minor ginsenosides have higher medicinal value than the major ginsenosides, such as antitumor effects. Therefore, we also focused on the content of the minor ginsenosides in co-fermented ginseng with multi-enzyme coupling probiotics. Furthermore, the ginsenosides covered in the Results and Discussion section were also classified. Please see line 35-37 in page 1, line 222-224 in page 5, and line 250-252 in page 6 in the revised manuscript for details.
· Early studies have found that the medicinal value of minor ginsenosides is better than that of major ginsenosides[8,9].
· Red markers represent minor ginsenosides, such as CK, Rg3, Rd, Rh1, Rh2, F2, F1 and Rg2; Black markers represent major ginsenosides, such as Rc, Rb1, Rg1, Re, Rf and Rb2.
· The content of ginsenosides in ginseng after enzymatic transformation were determined by HPLC (minor ginsenosides: Rg3, Rd, F2, F1 and Rg2; major ginsenosides: Rc, Rb1, Rg1, Re, Rf and Rb2).
Point 4: Line 33 what is “number of ginsenosides” referring to? Number of different types or amount of ginsenosides?
Response 4: Thank you for your kind suggestions. As required, we have rewritten the sentence. Please see line 37-38 in page 1 in the revised manuscript for details.
· Nevertheless, the content of ginsenosides extracted from unprocessed ginseng cannot meet medical needs,
In Material and methods
Point 5: What was used as mobile phase in TLC experiments
Response 5: Thank you for your kind suggestions. Considering the reviewer’s suggestion, the working method for TLC was described in detail in the Materials and Methods. Please see line 100-103 in page 3 in the revised manuscript for details.
· TLC was used for qualitative identification of the ginsenosides, using chloroform-methanol-n-butanol-water (13:10:10:8, v/v/v/v) as a developing solvent. The visualization reagents were sulfuric acid-methanol. The sample (1 mL) added with n-butanol (300 μL) was mixed and centrifuged, and the upper layer was taken for TLC.
Point 6: Please provide information on HPLC procedure
Response 6: Thank you for your kind suggestions. Considering the reviewer’s suggestion, the working methods for HPLC was described in detail in the Materials and Methods. Please see line 104-111 in page 3 in the revised manuscript for details.
· Ginsenosides were quantitatively analyzed by HPLC. The specific method was as follows: the ginsenosides Rg3, F2, F1, Rd, Rg2, Rb2, Rc, Rb1, Rf, Re and Rg1 were dissolved in chromatographic grade methanol to prepare the standard solution with the concentrations of 0.4 mg/mL, 0.8 mg/mL, 1.2 mg/mL, 1.6 mg/mL and 2.0 mg/mL, respectively, and then filtered by 0.22 μm filter membrane and reserved at low temperature. A gradient solvent (acetonitrile/H2O: 23% to 85%, tR: 0 to 61 min, acetonitrile/H2O: 85% to 23%, tR: 61 to 80 min) and a flow rate of 0.5 mL/min were used for HPLC with a detection wavelength of 203 nm.
Results and discussion
In general, in this section all figure captions should be better presented so that the figures with their captions are self-explanatory. Also, the picture quality could be better.
Point 7: In fig. 1 there are abbreviations for ginsenosides which are mentioned nowhere in text or in figure captions, why are they in different color? In 1B, what are the units, in the figure description there is no mention of polysaccharides.
[bookmark: _Hlk134603411]Response 7: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we introduced the attribution of each ginsenoside in the caption of Figure 1A and explained the difference of different colors. Also, units were added in the caption of Figure 1B. The results and description of polysaccharides were marked in the revised manuscript. Please see line 216-220, line 222-224 and line 227-228 in page 5 in the revised manuscript for details.
· [bookmark: _Hlk134630695]Red markers represent minor ginsenosides, such as CK, Rg3, Rd, Rh1, Rh2, F2, F1 and Rg2; Black markers represent major ginsenosides, such as Rc, Rb1, Rg1, Re, Rf and Rb2.
· (B) The contents of total soluble sugar and reducing sugar in ginseng after enzymatic transformation (mg/mL).
· Meanwhile, the polysaccharide content in the supernatant treated with cellulase was up to 43.37 mg/mL. These sugars, as good carbon and energy substances, can be used by probiotics in the subsequent fermentation process. Studies have shown that ginseng polysaccharides pose various physiological functions, especially in immunity and antitumor activity.
[bookmark: _Hlk134603970]Point 8: Line 200, which minor ginsenosides were increased, not all of them are
Response 8: Thank you for your kind suggestions. Considering the reviewer’s suggestion, not all of the minor ginsenosides were increased, we described minor ginsenosides with increased content after different enzymes treatment of ginseng. Please see line 231-234 in page 6 in the revised manuscript for details.
· the contents of minor ginsenosides (such as Rd, Rg2, F2 and Rg3) increased after treatment with cellulase, compound pectinase X, β-glucosidase, glycosylase, pectinase (solid), and rhamnosidase KDNO3.
Point 9: Line 209 what is meant by “agents to transform ginseng”?
Response 9: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we rewrote the sentences about these descriptions. Please see line 220, line 240-241 and line 259-260 in page 5 and 6 in the revised manuscript for details.
· cellulase was selected as one of the enzymes to transform ginseng.
· compound pectinase X was selected as the second enzyme to transform ginseng.
· flavor protease was selected as the third enzyme to transform ginseng.
Point 10: Fig. 2, again no explanation of abbreviations. In fig 2F, the words are not readable, in the description the method used to obtain these results should be mentioned
[bookmark: _Hlk134605847]Response 10: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we described the categories of abbreviations in the Figure 2F and improved the resolution of the image. Furthermore, we described the source of the data in the caption and the working method of HPLC in the methods section. Please see line 104-111 in page 3 and line 250-252 in page 6 in the revised manuscript for details.
· [bookmark: _Hlk134630734]The content of ginsenosides in ginseng after enzymatic transformation were determined by HPLC (minor ginsenosides: Rg3, Rd, F2, F1 and Rg2; major ginsenosides: Rc, Rb1, Rg1, Re, Rf and Rb2).
· Ginsenosides were quantitatively analyzed by HPLC. The specific method was as follows: the ginsenosides Rg3, F2, F1, Rd, Rg2, Rb2, Rc, Rb1, Rf, Re and Rg1 were dis-solved in chromatographic grade methanol to prepare the standard solution with the concentrations of 0.4 mg/mL, 0.8 mg/mL, 1.2 mg/mL, 1.6 mg/mL and 2.0 mg/mL, respectively, and then filtered by 0.22 μm filter membrane and reserved at low temperature. A gradient solvent (acetonitrile/H2O: 23% to 85%, tR: 0 to 61 min, acetonitrile/H2O: 85% to 23%, tR: 61 to 80 min) and a flow rate of 0.5 mL/min were used for HPLC with a detection wavelength of 203 nm.
Point 11: Why were different dilutions of ginseng freeze-dried powder used for the two microorganisms (lines 278-281)
Response 11: Thank you for your kind suggestions. Because the number of two microorganisms was large and inconsistent, different dilutions were used in order to keep the count between 30 CFU and 300 CFU after dilution, thus ensuring the accuracy of the count.
Point 12: Section 3.4 the full meaning of NC should be provided (despite it being given in supplementary material)
[bookmark: _Hlk134623802][bookmark: _Hlk134623963]Response 12: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we introduced the meaning of different groups of abbreviations for animal experiments in the Materials and Methods section. Please see line 144-148 in page 4 in the revised manuscript for details.
· (NC: Normal Control, MC: Model Control, GC: Ginseng Control, LE: Lactobacillus rhamnosus-Enzyme, LF: Lactobacillus rhamnosus Fermentation, BE: Bacillus amyloliticus-Enzyme, BF: Bacillus amyloliticus Fermentation, LF&BF: Lactobacillus rhamnosus and Bacillus amyloliticus Fermentation, PC: Positive Control).
Point 13: Treatment with chosen enzymes and probiotics is an important part of this study, and in my opinion, more details should be given in the text of the manuscript about what exactly is meant by treatment, the treatment protocol, what was used for treatment in what combinations and in what amounts. What was used as positive control?
Response 13: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we have detailed descriptions of the significance of animal experiments, treatment protocol, experimental materials and dosage. Please see line 325-330 and line 334-337 in page 9 in the revised manuscript for details.
· Ginseng is frequently prescribed as a tonic in clinical settings. Its potent ingredients, like ginsenosides and ginseng polysaccharide, can effectively improve immune suppression by promoting the weight of immune organs and the proliferation of splenic lymphocyte. As a result, we anticipated that co-fermentation with multi-enzyme coupling probiotics would enhance ginseng's immunomodulatory effects while also al-lowing us to identify the most effective ginseng treatment formula.
· Various ginseng treatment groups (300 mg/kg/d) and the positive control (levamisole hydrochloride, 40 mg/kg/d) were administered to modeling immunosuppressed mice. After the experiment, feces and tissue organs were taken and stored.
Point 14: In line 299 the authors state: “The spleen index of the multi-enzyme coupling Lactobacillus rhamnosus group significantly increased” is herby meant the LE column or LF column, because LF (with only fermentation as stated in table S2) is higher that LE, can the authors please clear this. Also, in this part, a short comparison of results from Lactobacillus rhamnosus and Bacillus amyloliquefaciens should be added
Response 14: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we had more clearly elaborated the role of LF group in the spleen index test, and made corresponding adjustments in the relevant content below. At the same time, we compared the differences between the two co-fermentations with multi-enzyme coupling probiotics groups and preliminarily analyzed the reasons. Please see line 340-345, line 347-348 and line 353-358 in page 10 in the revised manuscript for details.
· The spleen index of the LF group (co-fermentation with multi-enzyme coupling Lactobacillus rhamnosus) significantly increased. In contrast, the effect of the BF group (co-fermentation with multi-enzyme coupling Bacillus amyloliticus) was poor. The difference in the effect of the two probiotic fermentation groups may be due to their different intestinal colonization ability. Lactobacillus rhamnosus is more suitable to live in the anaerobic and acidic intestinal environment than Bacillus amyloliticus.
· Compared with the model group, LF group showed significant splenic lymphocyte proliferation activity,
· The LF group had distinct red-pulp and white-pulp structure in the spleen, with fewer lymphocytes, indicating that ginseng co-fermented by the multi-enzyme coupling Lactobacillus rhamnosus could partially restore the immune function of mice.
· histopathological evaluation of the small intestine revealed that the LF group could reduce the intestinal damage caused by immune suppression
Point 15: Figure 5B. abbreviations should be explained in figure caption
[bookmark: _Hlk134628512]Response 15: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we introduced the meaning of different groups of abbreviations for animal experiments in the Materials and Methods section. Please see line 144-148 in page 4 in the revised manuscript for details.
· (NC: Normal Control, MC: Model Control, GC: Ginseng Control, LE: Lactobacillus rhamnosus-Enzyme, LF: Lactobacillus rhamnosus Fermentation, BE: Bacillus amyloliticus-Enzyme, BF: Bacillus amyloliticus Fermentation, LF&BF: Lactobacillus rhamnosus and Bacillus amyloliticus Fermentation, PC: Positive Control).
Point 16: For the discussion part, a few comparisons to similar studies in literature would be beneficial for better understanding of the presented results.
Response 16: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we compared the presented results with studies in the literature, which further supported our study and provided a better understanding of the experimental results. Please see line 359-364 in page 10 and line 388-391 in page 11 in the revised manuscript for details.
· Hong et al. used enzyme-assisted extraction method to isolate functional polysaccharides from Korean ginseng and found that the functional polysaccharides obtained by this method is a potential immune-stimulatory agent[29]. In contrast, our study utilized a co-fermentation with multi-enzyme coupling probiotics method to treat ginseng, which improved the immunomodulatory activity of ginseng from many aspects and more fully reflected the medicinal value of ginseng.
· Song, Y.R.; Sung, S.K.; Jang, M.; Lim, T.G.; Cho, C.W.; Han, C.J.; Hong, H.D. Enzyme-assisted extraction, chemical characteristics, and immunostimulatory activity of polysaccharides from Korean ginseng (Panax ginseng Meyer). Int J Biol Macromol 2018, 116, 1089-1097, doi:10.1016/j.ijbiomac.2018.05.132.
· Hu et al. found that tacrolimus-induced changes in intestinal flora may affect immune function and organ transplantation and their investigation demonstrated that Bacteroidetes increased following tacrolimus treatment, whereas Firmicutes and Proteobacteria decreased. These findings supported our results [29].
· Zhang, Z.; Liu, L.; Tang, H.; Jiao, W.; Zeng, S.; Xu, Y.; Zhang, Q.; Sun, Z.; Mukherjee, A.; Zhang, X.; et al. Immunosuppressive effect of the gut microbiome altered by high-dose tacrolimus in mice. Am J Transplant 2018, 18, 1646-1656, doi:10.1111/ajt.14661.
Point 17: Line 187, these are not “energy substances” maybe use “sources”
Response 17: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we have rewritten the sentence. Please see line 217-218 in page 5 in the revised manuscript for details.
· These sugars, as good carbon sources, can be used by probiotics in the subsequent fermentation process.
Point 18: Line 190 “antitumor activity”
Response 18: Thank you for your kind suggestions. Considering the reviewer’s suggestion, we have rewritten the sentence. Please see line 218-220 in page 5 in the revised manuscript for details.
· Studies have shown that ginseng polysaccharides pose various physiological functions, especially in immunity and antitumor activity.

