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Introduction

Exercise represents a paradoxical element in health management, offering
substantial benefits yet posing potential risks if not properly moderated [1, 2]. High-
intensity exercise, while efficacious in improving various health parameters, can lead
to oxidative stress, muscle damage, and inflammation [3, 4]. The oxidative stress
primarily arises from increased reactive oxygen species production during intensive
physical activities [5]. Moreover, exercise-induced fatigue serves as a protective
mechanism against overexertion and consequent injuries[6, 7]. In contemporary fitness
regimes, HIIE, particularly the Tabata training method, has gained prominence for its
effectiveness in enhancing aerobic power, fat oxidation, and muscular endurance [8-
10]. These attributes are especially crucial for the elderly population, a demographic
that significantly benefits from regular physical activity [11-13] .

Exergaming, an innovative blend of physical exercise and interactive gaming, has
emerged as a transformative approach to fitness, especially in engaging diverse age
groups in regular physical activity. Its efficacy in enhancing key fitness parameters like
aerobic capacity, agility, and coordination, coupled with its ability to make exercise
more enjoyable, has been well documented [14-16]. This fusion of technology and
exercise not only caters to the digital age but also opens avenues for personalized fitness
experiences, adaptable to various demographic needs [17, 18]. While exergaming has
been effective across a range of ages, its application in elderly populations presents
unique opportunities and challenges. As the elderly population seeks safe, engaging,
and effective exercise methods, exergaming could offer a solution that aligns with these
requirements. However, integrating HIIE concepts into exergaming for the elderly
remains a relatively uncharted territory. HIIE, known for its efficiency in improving
cardiovascular health and metabolic function, could significantly benefit older adults,
particularly in terms of enhancing functional capacity and overall quality of life [12,
19].

The potential of HIIE within exergaming for the elderly hinges on the balance
between intensity and safety. While HIIE is beneficial, it is crucial to adapt its intensity
to suit the physiological capabilities and limitations of older individuals. Research
indicates that tailored HIIE programs can be both feasible and beneficial for older adults,
leading to improvements in cardiovascular health, muscle strength, and metabolic
function [20, 21]. Integrating these concepts into exergaming could further enhance
adherence and enjoyment, crucial factors in maintaining regular exercise habits in this
demographic. Furthermore, the interactive and immersive nature of exergaming can
address common barriers to exercise among the elderly, such as lack of motivation or
fear of injury. By providing a safe, controlled environment for engaging in HIIE,
exergaming can potentially transform the perception and experience of high-intensity
workouts for older adults. This is particularly pertinent given the increasing need for
innovative exercise interventions that cater to the aging global population [11].

Nutritional supplementation, especially with natural fruit and vegetable enzymes,
presents a promising avenue in augmenting exercise performance through their
antioxidant, anti-inflammatory, and metabolic benefits [21-28] Such supplementation
could potentially optimize lactate metabolism and enhance muscle function during
exercise. Recent advancements in nutritional science have highlighted the significant
role of natural fruit and vegetable enzymes in enhancing exercise performance. These



enzymes are increasingly recognized for their multifaceted health benefits, including
their antioxidant, anti-inflammatory, and metabolic-enhancing properties [21, 22].
Notably, their potential impact on exercise physiology, particularly in the context of
high-intensity workouts, offers a new perspective on improving athletic performance
and recovery.

One of the critical areas where these enzymes show promise is in the modulation
of lactate metabolism. Lactate, often produced in higher quantities during intense
physical activity, can lead to fatigue and decreased muscle efficiency. The traditional
view of lactate as merely a byproduct of anaerobic metabolism has evolved, with
current research acknowledging its role as a valuable energy source during prolonged
exercise [23]. This shift in understanding opens up new avenues for utilizing enzyme
supplementation to optimize lactate utilization. Enzymes such as bromelain and papain,
found in pineapples and papayas respectively, have been studied for their potential in
improving lactate metabolism. These enzymes are known to facilitate faster clearance
of lactate from the bloodstream, thereby enhancing recovery and reducing fatigue [26,
28]. Furthermore, the antioxidant properties of these enzymes play a crucial role in
combating oxidative stress, which is often elevated during intense exercise regimes [24,
25]. This reduction in oxidative stress is not only beneficial for immediate recovery but
also contributes to long-term muscle health and function. Moreover, the anti-
inflammatory actions of these natural enzymes can mitigate the inflammatory response
often triggered by high-intensity exercise [27]. By reducing inflammation, these
enzymes may enhance muscle recovery and function, thus allowing for more efficient
and prolonged exercise performance. This aspect is particularly relevant in training
regimens where recovery is as crucial as the exercise itself.

The primary aim of this feasibility study is to examine the effects of fruit and
vegetable enzyme supplementation on aerobic capacity and blood lactate response in
elderly individuals engaged in HIIE through an exergaming framework. This study is
dual-faceted, focusing firstly on the physiological responses and feasibility of an
exergaming-HIIE regimen tailored for the elderly, and secondly, on the impact of

enzyme supplementation on enhancing these exercise outcomes.

Methods

Participants And Experimental Design

All participants reported a regular exercise habit (3 times per week within the past
year). They also completed the Physical Activity Readiness Questionnaire and
confirmed no history of upper limb skeletal muscle injury or major injury. Participants
were instructed to avoid strenuous activities and the intake of caffeine or muscle-
enhancing supplements for 24 hours prior to the experiment. Before the study
commenced, all participants provided personal information, completed health
questionnaires, disclosed personal medical history, and signed informed consent forms.

The 16 participants underwent the Exergaming HIIE test as an initial assessment
(pre-test). Participants engaged in a 5-minute warm-up on a stationary bike, followed
by HIIE using the Nintendo Switch Ring Fit Adventure design. The training method
was adapted from the research of [8, 9] and consisted of 8 sets of 20 seconds of



maximum effort exercise with 30 seconds of complete rest between each set, resulting
in a total exercise time of 370 seconds. The HIIE design incorporated training modes
targeting the deltoid, pectoralis major, latissimus dorsi, and quadriceps muscles in the
Nintendo Switch Ring Fit Adventure. Blood lactate levels, heart rate, and ratings of
perceived exertion were recorded before, during, and after exercise, and training load
was quantified using TRIMP. Participants were matched and divided into two groups,
the enzyme group, and the placebo group, based on their blood lactate levels during
HIIE. Each group comprised 8 individuals. Supplementation with vegetable and fruit
enzymes or maltodextrin commenced three days after the pre-test and lasted for a total
of 14 days. On the 14th day, following the completion of supplementation, the
participants underwent the Exergaming HIIE test as a post-test.

Ethical Considerations

The human research ethics committee of the local university approved this study,
which was also approved by the human research ethics committee of the National
Cheng Kung University, Taiwan. (Approval No. NCKU HREC-E-112-419-2). Users
volunteered for this study and agreed to participate by signing an informed consent
form.

Supplementation Protocol

After the pre-test, the enzyme group consumed 30 mL of vegetable and fruit
enzymes (The contents include needle-leaf cherries, cherries, apples, cranberries,
blackberries, black currants, blueberries, beets, broccoli, cabbage, carrots, Concord
grapes, cranberries, elderberries, kale, oranges, peaches, papayas, parsley, pineapples,
raspberries, red currants, spinach, and tomatoes, etc.)(Enzyme Village, Chiayi, Taiwan)
mixed with 150 mL of water twice a day (at breakfast and dinner) for 14 consecutive
days. The placebo group followed the same protocol but consumed malt syrup (Amazon,
USA) instead until the end of the study. Participants returned to the laboratory each
morning to receive the daily supplement, which was administered on-site. Following
supplementation, participants reported their dinner intake to the researchers, ensuring
compliance with the prescribed supplementation regimen.

Exergaming HIIE Test-Combination Of Exergaming And HIIE

Participants in this experiment engaged in HIIE using the Nintendo Switch Ring-
Con within a laboratory environment. All participants completed pre-test and post-test
assessments on the same day. The exergame employed in this study was 'Nintendo
Switch Fitness Adventure,’ which ingeniously blends exercise with an adventure
narrative to deliver both physical workouts and gaming enjoyment concurrently. This
game is noted for its intuitive, user-friendly interface that accommodates players of all
ages. It incorporates a specialized fitness ring -a smart accessory that connects to the
Nintendo Switch console. The sensor system utilized two Nintendo controllers: one
mounted on the exercise ring and the other secured to the participant’s thigh to enhance
gameplay interaction. Through the Ring-Con, participants engaged in diverse physical
activities such as weightlifting, yoga, and aerobic exercises. The fitness ring sensor
accurately captures and integrates players' movements into the game. The gameplay
involves unlocking levels and engaging in fitness challenges that are achieved through
actual physical activities. It offers a wide range of exercise routines targeting various



muscle groups and provides engaging gaming challenges. The exercise protocol
included eight sets of 20-second high-effort exercises, interspersed with 30-second rest
intervals, totaling 370 seconds of active exercise time. Specifically, the fitness game
mode used was the Adventure Mode in 'Ring Fit Adventure,’ comprising exercises
targeting the pectoralis major, latissimus dorsi, deltoids, and quadriceps muscles
(Figures 2).
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Figure 2. Experimental flowchart. Ex-: bout of HIIE test; Post-5 min: after 5 minutes
of HIIE test; Post-10 min: after 10 minutes of HIIE test. Asterisk (*) indicates
lactate test. Asterisk (#) indicates test heart rate and RPE.

Blood Lactate Test

The blood lactate was measured at five time points: before exercise, after the fourth
and eighth bouts of exercise, and at 5 and 10 minutes after exercise. The blood lactate
were analyzed using a Biosen Cline blood analysis system (EKF-diagnostic, Germany).
Capillary blood samples of 10 pL were collected and added to red blood cell lysis
reagent and stored at low temperature until analyzed. Prior to analysis, instrument
standardization and test calibration were performed, and the coefficient of variation
was determined to be <1.5%. The detection range for blood lactate was 0.5-40 mM [31].

Training Impulse

In this study, the exercise load was represented by the TRIMP [32], which is
calculated as the product of exercise intensity and duration. To accommodate the
convenience of the experiment, two different TRIMP calculation methods were used,
including % HRmax (objective) and RPE (subjective). At the end of each exercise bout
(8 bouts in total) and during the recovery period before the next bout (7 bouts in total),
participants were asked to report their RPE, and their heart rate was recorded. This
process was repeated 8 times.

% HRmax Calculation Method

During the entire HIIE, the participant's HR was recorded every 5 seconds using a
heart rate monitor (iHeart Polar, Taiwan) to calculate % HRmax. The block TRIMP



method developed by S. Edwards [33] was used, which divides the exercise intensity
into 5 blocks with corresponding weighting factors (Table 1). The weighted score of
each block was multiplied by the exercise time (min) and then summed to obtain the
exercise load (arbitrary unit [AU]). The calculation formula is as follows: Exercise load
=(Z1 exercise time x 1)+ (Z2 exercise time x 2) + (Z3 exercise time X 3) + (Z4 exercise
time X 4) + (Z5 exercise time x 5)

Table 1 The Edwards' block TRIMP calculation method

Zone Intensity Weighted score
Z1 50%-60% HRmax 1
72 60%-70% HRmax 2
73 70%-80% HRmax 3
74 80%-90% HRmax 4
75 90%-100% HRmax 5
RPE Calculation Method

The TRIMP calculation method of Foster, Hector [34] and Foster, Florhaug [35]
was used to calculate the exercise load by multiplying the RPE value of each exercise
segment by the exercise time and summing them up. The RPE scale used in this method
was the CR-10 version modified by Foster, Florhaug [35] based on Borg, Ljunggren
and Ceci [36] (Table 2). The calculation formula is as follows: Exercise load (AU) =
Borg's CR-10 RPE score X exercise time (min)

Table 2. Borg’s CR-10 RPE

0 Rest

1 Very, very easy
2 Easy

3 Moderate

4 Somewhat Hard
5 Hard

6

7 Very Hard

8

9

10 Maximal

Statistical Analysis

All the data were analyzed by SPSS for Windows 20.0. Data are expressed as the mean
+ standard deviation (SD) and 95% confidence interval (95% CI). A mixed design two-
way analysis of variance (ANOVA) (group X time) was used to compare the variables
of lactate, heart rate and training impulse between two groups before and after the 14-
days of supplementation. Graphs were generated using GraphPad Prism 8.0 (GraphPad
Software, San Diego, California, USA). Cohen’s conventions for ES (Cohen d) were
calculated by the G*Power 3.1 software program (Heinrich-Heine-Universitit,
Diisseldorf, Germany), where the ESs 0f 0.2, 0.5, and 0.8 are considered small, medium,

and large, respectively. Statistical significance was set as p < 0.05.



References

1.

10.

Duttaroy S, Thorell D, Karlsson L, Borjesson M. A single-bout of one-hour
spinning exercise increases troponin T in healthy subjects. Scand
Cardiovasc J. 2012  Feb;46(1):2-6.  PMID:  22214280. doi:
10.3109/14017431.2011.622783.

Wadley AJ, Turner JE, Aldred S. Factors influencing post-exercise plasma
protein carbonyl concentration. Free Radic Res. 2016;50(4):375-84. PMID:
26873473. doi: 10.3109/10715762.2015.1131824.

Muldoon MF, Laderian B, Kuan DC, Sereika SM, Marsland AL, Manuck
SB. Fish oil supplementation does not lower C-reactive protein or
interleukin-6 levels in healthy adults. ] Intern Med. 2016 Jan;279(1):98-109.
PMID: 26497831. doi: 10.1111/joim.12442.

Clarkson PM, Hubal MJ. Exercise-induced muscle damage in humans. Am
J Phys Med Rehabil. 2002 Nov;81(11 Suppl):S52-69. PMID: 12409811. doi:
10.1097/00002060-200211001-00007.

Finaud J, Lac G, Filaire E. Oxidative stress : relationship with exercise and
training. Sports Med. 2006;36(4):327-58. PMID: 16573358. doi:
10.2165/00007256-200636040-00004.

Tom A, Nair KS. Assessment of Branched-Chain Amino Acid Status and
Potential for Biomarkers. The Journal of Nutrition. 2006
2006/01/01/;136(1):324S-30S. doi: https://doi.org/10.1093/jn/136.1.324S.

Del Coso J, Gonzalez-Millan C, Salinero JJ, Abian-Vicén J, Soriano L, Garde
S, Pérez-Gonzdlez B. Muscle damage and its relationship with muscle
fatigue during a half-iron triathlon. PLoS One. 2012;7(8):e43280. PMID:
22900101. doi: 10.1371/journal.pone.0043280.

Viana RB, de Lira CAB, Naves JPA, Coswig VS, Del Vecchio FB, Gentil P.
Tabata protocol: a review of its application, variations and outcomes. Clin
Physiol Funct Imaging. 2019 Jan;39(1):1-8. PMID: 29608238. doi:
10.1111/cpf.12513.

Pearson RC, Olenick AA, Green ES, Jenkins NT. Tabata-style functional
exercise increases resting and postprandial fat oxidation but does not
reduce triglyceride concentrations. Exp Physiol. 2020 Mar;105(3):468-76.
PMID: 31916294. doi: 10.1113/ep088330.

Menz V, Marterer N, Amin SB, Faulhaber M, Hansen AB, Lawley ]JS.
Functional Vs. Running Low-Volume High-Intensity Interval Training:
Effects on VO(2)max and Muscular Endurance. ] Sports Sci Med. 2019
Sep;18(3):497-504. PMID: 31427872.



https://doi.org/10.1093/jn/136.1.324S

11.

12.

13.

14.

15.

16.

17.

18.

19.

Eckstrom E, Neukam S, Kalin L, Wright ]J. Physical Activity and Healthy
Aging. Clin Geriatr Med. 2020 Nov;36(4):671-83. PMID: 33010902. doi:
10.1016/j.cger.2020.06.009.

Gist NH, Fedewa MV, Dishman RK, Cureton KJ. Sprint Interval Training
Effects on Aerobic Capacity: A Systematic Review and Meta-Analysis.
Sports Med. 2014 2014/02/01;44(2):269-79. doi: 10.1007/s40279-013-0115-0.
Kercher VM, Kercher K, Bennion T, Levy P, Alexander C, Amaral PC, et al.
2022 Fitness Trends from Around the Globe. ACSM's Health & Fitness
Journal.  2022;26(1):21-37. PMID: 00135124-202201000-00007.  doi:
10.1249/£it.0000000000000737.

Bock BC, Dunsiger SI, Ciccolo JT, Serber ER, Wu WC, Sillice M, Marcus BH.
Mediators of physical activity between standard exercise and exercise
video games. Health Psychol. 2019 Dec;38(12):1107-15. PMID: 31512923.
doi: 10.1037/hea0000791.

Comeras-Chueca C, Marin-Puyalto ], Matute-Llorente A, Vicente-
Rodriguez G, Casajus JA, Gonzalez-Aguero A. The Effects of Active Video
Games on Health-Related Physical Fitness and Motor Competence in
Children and Adolescents with Healthy Weight: A Systematic Review and
Meta-Analysis. Int ] Environ Res Public Health. 2021 Jun 29;18(13). PMID:
34209767. doi: 10.3390/ijerph18136965.

McDonough DJ, Pope ZC, Zeng N, Lee JE, Gao Z. Comparison of College
Students' Energy Expenditure, Physical Activity, and Enjoyment during
Exergaming and Traditional Exercise. ] Clin Med. 2018 Nov 10;7(11). PMID:
30423805. doi: 10.3390/jcm7110433.

Park SB, Kim M, Lee E, Lee D, Son SJ, Hong ], Yang WH. Energy System
Contributions and Physical Activity in Specific Age Groups during
Exergames. Int J Environ Res Public Health. 2020 Jul 7;17(13). PMID:
32646023. doi: 10.3390/ijerph17134905.

Roglin L, Ketelhut S, Ketelhut K, Kircher E, Ketelhut RG, Martin-
Niedecken AL, et al. Adaptive High-Intensity Exergaming: The More
Enjoyable Alternative to Conventional Training Approaches Despite
Working Harder. Games Health J. 2021 Dec;10(6):400-7. PMID: 34558966.
doi: 10.1089/g4h.2021.0014.

Weston M, Taylor KL, Batterham AM, Hopkins WG. Effects of low-volume
high-intensity interval training (HIT) on fitness in adults: a meta-analysis
of controlled and non-controlled trials. Sports Med. 2014 Jul;44(7):1005-17.
PMID: 24743927. doi: 10.1007/s40279-014-0180-z.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Batrakoulis A, Jamurtas AZ, Fatouros IG. High-Intensity Interval Training
in Metabolic Diseases: Physiological Adaptations. ACSM's Health &
Fitness Journal. 2021;25(5):54-9. PMID: 00135124-202109000-00012. doi:
10.1249/fit.0000000000000703.

Batrakoulis A, Fatouros IG. Psychological Adaptations to High-Intensity
Interval Training in Overweight and Obese Adults: A Topical Review.
Sports  (Basel). 2022 Apr 22;10(5). PMID: 35622474. doi:
10.3390/sports10050064.

Sanlier N, Gokcen BB, Sezgin AC. Health benefits of fermented foods. Crit
Rev Food Sci Nutr. 2019;59(3):506-27. PMID: 28945458. doi:
10.1080/10408398.2017.1383355.

Brooks GA. Lactate as a fulcrum of metabolism. Redox Biol. 2020
Aug;35:101454. PMID: 32113910. doi: 10.1016/j.redox.2020.101454.
Lucertini F, Gervasi M, D'Amen G, Sisti D, Rocchi MBL, Stocchi V, Benelli
P. Effect of water-based recovery on blood lactate removal after high-
intensity exercise. PLoS One. 2017;12(9):e0184240. PMID: 28877225. doi:
10.1371/journal.pone.0184240.

Clifford MN. Diet-derived phenols in plasma and tissues and their
implications for health. Planta Med. 2004 Dec;70(12):1103-14. PMID:
15643541. doi: 10.1055/s-2004-835835.

Tsao JP, Liu CC, Wang HF, Bernard JR, Huang CC, Cheng IS. Oral
Resveratrol supplementation attenuates exercise-induced Interleukin-6
but not Oxidative Stress after a high intensity cycling challenge in adults.
Int ] Med Sci. 2021;18(10):2137-45. PMID: 33859520. doi: 10.7150/ijms.55633.
Ma GD, Chiu CH, Hsu Y], Hou CW, Chen YM, Huang CC. Changbai
Mountain Ginseng (Panax ginseng C.A. Mey) Extract Supplementation
Improves Exercise Performance and Energy Utilization and Decreases
Fatigue-Associated Parameters in Mice. Molecules. 2017 Feb 5;22(2). PMID:
28165424. doi: 10.3390/molecules22020237.

Mohr T, Desser L. Plant proteolytic enzyme papain abrogates angiogenic
activation of human umbilical vein endothelial cells (HUVEC) in vitro.
BMC Complementary and Alternative Medicine. 2013 2013/09/21;13(1):231.
doi: 10.1186/1472-6882-13-231.

Flanagan E, Jakeman P, editors. Oral creatine supplementation and short-
term dynamic power production in healthy young men. ISBS-Conference
Proceedings Archive; 2006.

Crisafulli DL, Buddhadev HH, Brilla LR, Chalmers GR, Suprak DN, San

Juan JG. Creatine-electrolyte supplementation improves repeated sprint



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

cycling performance: A double blind randomized control study. J Int Soc
Sports Nutr. 2018;15:21. PMID: 29743825. doi: 10.1186/s12970-018-0226-y.
Hsu M-C, Chien K-Y, Hsu C-C, Chung C-J, Chan K-H, Su B. Effects of
BCAA, Arginine and Carbohydrate Combined Drink on Post-Exercise
Biochemical Response and Psychological Condition. The Chinese Journal
of Physiology. 2011;54(2):71-8. doi: 10.4077/cjp.2011.Amk075.

Banister EW, Calvert TW. Planning for future performance: implications
for long term training. Can J Appl Sport Sci. 1980 Sep;5(3):170-6. PMID:
6778623.

S. Edwards SE, S Edwards, GK Edwards. High performance training and
racing. Heart Rate Monitor Book. 1993:113-23.

Foster C, Hector LL, Welsh R, Schrager M, Green MA, Snyder AC. Effects
of specific versus cross-training on running performance. Eur ] Appl
Physiol Occup Physiol. 1995;70(4):367-72. PMID: 7649149. doi:
10.1007/b£00865035.

Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S, et
al. A new approach to monitoring exercise training. J Strength Cond Res.
2001 Feb;15(1):109-15. PMID: 11708692.

Borg G, Ljunggren G, Ceci R. The increase of perceived exertion, aches and
pain in the legs, heart rate and blood lactate during exercise on a bicycle
ergometer. Eur ] Appl Physiol Occup Physiol. 1985;54(4):343-9. PMID:
4065121. doi: 10.1007/b£02337176.

Samtiya M, Aluko RE, Dhewa T, Moreno-Rojas JM. Potential Health
Benefits of Plant Food-Derived Bioactive Components: An Overview.
Foods. 2021 Apr 12;10(4). PMID: 33921351. doi: 10.3390/foods10040839.
Lavefve L, Marasini D, Carbonero F. Microbial Ecology of Fermented
Vegetables and Non-Alcoholic Drinks and Current Knowledge on Their
Impact on Human Health. Adv Food Nutr Res. 2019;87:147-85. PMID:
30678814. doi: 10.1016/bs.afnr.2018.09.001.

Laursen PB, Jenkins DG. The Scientific Basis for High-Intensity Interval
Training. Sports Med. 2002 2002/01/01;32(1):53-73. doi: 10.2165/00007256-
200232010-00003.

MANZI V, IELLAMO F, IMPELLIZZERI F, D'OTTAVIO S, CASTAGNA
C. Relation between Individualized Training Impulses and Performance in
Distance Runners. Med Sci Sports Exercise. 2009;41(11):2090-6. PMID:
00005768-200911000-00017. doi: 10.1249/MSS.0b013e3181a6a959.



41. Bethancourt HJ, Rosenberg DE, Beatty T, Arterburn DE. Barriers to and
facilitators of physical activity program use among older adults. Clin Med
Res. 2014 Sep;12(1-2):10-20. PMID: 24415748. doi: 10.3121/cmr.2013.1171.



