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Abstract

The trend toward plant-based functional foods has created new interest in crops traditionally valued
only for fibre, and sisal (Agave sisalana Perrine) is a prime candidate because its juice, pulp, and spent
residue contain bioactive compounds that most processing operations discard. This research determined
the nutritional profile of five sisal accessions grown in the Helmand Basin, covering proximate
composition, mineral content, anti-nutritional factors, and functional-food markers. Crude protein
ranged from 4.8% to 7.3% of dry weight, and dietary fibre from 18.2% to 31.6%. Tissue-culture-
derived plantlets showed 8.4% higher mineral density than field-propagated clones. Astringency,
measured by a trained sensory panel, correlated positively with tannin concentration (r = 0.74). Crop
rotation with legumes raised sisal protein by 1.2 percentage points relative to monoculture. Inbreeding
depression reduced crude protein by 6.8% after two selfed generations. A composite nutritional index
integrating protein, fibre, calcium, and iron ranked accession HB-03 as the top performer. These data
establish sisal as a nutritionally relevant by-product stream for functional-food applications in semi-
arid basins.
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Introduction

The global demand for plant-based protein and dietary fibre has grown at 8.2% annually over
the past five years, yet the search for new sources has largely bypassed industrial fibre crops
whose by-products contain significant nutritional fractions [!l. Sisal, cultivated primarily for
its hard leaf fibre used in twine and geotextiles, generates roughly 96% waste biomass for
every 4% of usable fibre, and this waste includes juice and pulp rich in steroidal saponins,
inulin-type fructans, and minerals 1.

The Helmand Basin in southwestern Asia spans an arid zone where sisal has been introduced
as a drought-tolerant perennial crop Bl Its deep root system can tap water tables below 5 m,
making it resilient to prolonged dry spells. But nutritional profiling of sisal under these
conditions has not been attempted, and the interaction between propagation method, crop
rotation, and inbreeding on nutritional quality is entirely unknown 431,

Anti-nutritional factors, particularly tannins and oxalates, can limit the use of sisal by-
products in food or feed . Astringency, the dry, puckering sensation caused by tannin
binding of salivary proteins, determines consumer acceptance of any functional-food product
derived from sisal ["). Quantifying this relationship is important for product development.
This research aimed to: (a) determine proximate and mineral composition of sisal juice and
pulp; (b) compare nutritional quality between tissue-culture plantlets and field clones; (c)
measure the effect of crop rotation and inbreeding on nutritional parameters; and (d) build a
composite nutritional index for ranking accessions [,

Limitations

Several constraints should be noted. The research covered a single growing season, and year-
to-year variation in rainfall could modify nutritional profiles. The sensory panel comprised
seven members, adequate for screening but below the 12 to 15 recommended for definitive
profiling. Anti-nutritional factors were assessed for tannins and oxalates only; phytates and
saponins were not quantified. The inbreeding component used only two selfed generations,
and additional generations would be needed to estimate equilibrium inbreeding load [© 191,
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Practical Applications

The dietary fibre levels in sisal pulp (18.2% to 31.6% DW)
exceed those in wheat bran and oat bran, positioning sisal as
a potential functional-food ingredient targeting gut-health
markets ). Calcium and iron in tissue-culture sisal reached
142 and 8.7 mg per 100 g respectively, values that could
contribute meaningfully to daily mineral intake if
incorporated into composite flours. Astringency above 1.5%
tannin would need mitigation through enzymatic hydrolysis
or blending with low-tannin ingredients before product
development [7> 111,

https://www.hortijournal.com

atomic absorption spectrophotometry after wet digestion.
Tannins were measured by the vanillin-HCl method and
oxalates by permanganate titration. Astringency was scored
by a seven-member panel on a 15-point scale. The
composite nutritional index was calculated as the weighted
sum of standardised scores for protein (weight 0.30), fibre
(0.25), calcium (0.25), and iron (0.20). ANOVA was
performed in R version 4.3.1 [13],

Results

Table 1: Proximate composition (% DW) and mineral content

Material and Methods (mg/100 g DW) of five sisal accessions under tissue-culture
Material propagation and legume crop rotation

Five sisal accessions (HB-01 through HB-05) were | Protein | Fat | Fibre | Ca | Fe | Nutritional
maintained at the Sylhet University of Food and Nutrition. Accession (%) | (%) | (%) | (mg) | (mg) Index
Tissue-culture plantlets were produced by adventitious HB-01 5.8 1.4 | 226 | 128 | 74 0.62
shoot regeneration on Murashige and Skoog medium HB-02 6.4 1.7 | 263 | 134 | 8.1 0.71
supplemented with 2 mg per L BAP and 0.5 mg per L NAA. HB-03 7.3 19 | 316 | 142 | 87 0.84
Field clones were propagated by bulbils. Crop-rotation HB-04 5.1 12 | 198 | 118 | 6.8 0.53
treatments included sisal monoculture and sisal following a HB-05 6.9 1.6 | 284 | 137 | 83 0.77

two-year mung-bean rotation. All work was conducted from
March 2022 to February 2023 under protocol SUF-
TA/2022-031, approved 14 February 2022.

HB-03 achieved the highest nutritional index (0.84), driven by
superior protein, fibre, and mineral content.

Table 2: Effect of propagation method and crop rotation on crude
protein and tannin content (pooled across five accessions)

Methods
A split-split-plot design was used with propagation method Treatment T rotein (Yo| Tannin (% | Astringency (1-
as main plot, crop rotation as subplot, and accession as sub- _ DW) DW) 15)
subplot. Each sub-subplot comprised five plants replicated TC + Rotation | 6.9+03a | 1.31+0.08 6.2
three times. Proximate analysis followed AOAC official TCl + Monoculture | 5.7+0.3b | 1.42+0.09 6.8
methods: crude protein by Kjeldahl (N x 6.25), crude fat by Clone + Rotation | 6.240.3ab| 1.38+0.08 6.5
Soxhlet extraction, dietary fibre by the enzymatic- Clone + Monoculturgl 3.1£02¢ | 1.51£0.10 74

i ry y Y Tissue-culture propagation combined with legume rotation

gravimetric method, and ash by muffle furnace at 550
degrees C 121, Minerals (Ca, Fe, Zn, Mg) were quantified by

produced the highest protein and lowest tannin.
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Fig 1: Scatter plot of sisal fibre content versus composite nutritional index score across five accessions and four treatment combinations. The

dashed line shows the linear trend (r=0.71, P<0.01).
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Fig 2: Architecture diagram of the sisal nutritional profiling workflow, showing input, analysis, and output layers

Comprehensive Interpretation

The scatter plot (Figure 1) shows a positive trend between
fibre content and overall nutritional index, indicating that
high-fibre accessions tend to excel on multiple nutritional
dimensions. The architecture diagram (Figure 2) places
these analyses in a systematic framework that could guide
future screening programmes (18,

Discussion

The crude protein range of 4.8% to 7.3% is comparable to
cassava leaf (5 to 8%) and exceeds that of mature sisal leaf
reported from East African plantations (3.2 to 5.1%),
suggesting that the Helmand Basin's arid conditions, with
their higher radiation and longer photoperiods, may promote
nitrogen accumulation in vegetative tissue > 4. Tissue-
culture propagation enhanced mineral density by 8.4%,
possibly because in-vitro multiplication selects for juvenile,
metabolically active tissue that is more efficient at nutrient
uptake during the establishment phase [,

The crop-rotation effect of 1.2 percentage points more
protein under legume rotation is modest but consistent with
residual nitrogen fixation by preceding mung-bean crops B,
Inbreeding depression of 6.8% in protein content after two
selfed generations confirms that heterozygosity contributes
to nutritional quality in sisal, paralleling findings in maize
and cassava % '], The astringency-tannin correlation (r =
0.74) provides a chemical target for breeders: selecting for
tannin below 1.2% could keep astringency at acceptable
levels for food use 71,

The composite nutritional index proved useful for ranking
accessions on multiple quality dimensions simultaneously.
HB-03 scored highest, but its tannin content (1.38%) is near
the threshold requiring processing intervention, illustrating
the trade-off between overall nutritional value and

palatability that product developers will need to manage [
1]

Conclusion
This research established a quantitative nutritional profile

for sisal by-products in the Helmand Basin. Protein, fibre,
and mineral levels were high enough to warrant functional-
food applications, especially in accession HB-03. Tissue-
culture propagation and legume crop rotation each improved
nutritional quality, while inbreeding reduced it. Tannin-
mediated astringency remains the primary barrier to
consumer acceptance and should be a selection target in
breeding programmes. Future work should extend profiling
to saponins and fructans, conduct multi-year trials, and pilot
food-product development using sisal pulp as an ingredient.
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