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Abstract: [Objective] The study investigated the amino acid nutrition in ‘Red Globe’ grape (Vitis vi-
nifera L.) at different maturities and analyzed the contents of 18 amino acids in grape fruit. [Methods]
Grape samples were harvested at 88 d, 95 d, 102 d, 109 d, 116 d, and 123 d after full bloom (marked as
initial maturity, maturity, complete maturity I, complete maturity II, over maturity, and senescence),
respectively. Ten clusters of grape berries were randomly collected for each period. Ten grape berries
were chosen from each cluster for amino acid determination. To detect the content of Trp, sample (2-3 g)
was hydrolyzed with 4 mol-L"' LiOH and analyzed with an auto amino acid analyzer (LC8800, Shimad-
zu). For the other 17 amino acids, sample was hydrolyzed in 6 mol - L'' HCI and detected according to
the national standard (GB 5009.124-2016). Amino acids were classified into different groups, such as
essential amino acids, non-essential amino acids, essential amino acids for child, medical amino acids,
branched chain amino acids, flavoring and coloring amino acids, primary amine amino acids, and spe-
cial function amino acids. Based on the obtained data, the amino acid nutrition value was evaluated ac-

cording to egg protein model and the ideal model recommended by FAO/WHO. A series of indexes,
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such as the amino acid score (AAS), chemical score (CS), and score of ratio coefficient of amino acid
(SRC), were calculated. [Results] As GIn and Asn were degraded into Glu and Asp under acid hydroly-
sis, at least 16 amino acids, including 8 essential amino acids, 2 essential amino acids for child, were
found in ‘Red Globe’ grape during the whole harvesting period. All were components for protein. The
contents of essential amino acids, non-essential amino acids, essential amino acids for child, medical
amino acids, branched chain amino acids, flavoring and coloring amino acids, primary amine amino ac-
ids, and amino acids with special function were in the ranges of 55.73-65.97, 117.63-169.08, 32.68-
70.38, 113.00-164.41, 23.17-28.53, 92.61-140.48, 112.60-160.90 and 103.29-151.07 mg- 100 g", respec-
tively. The differences among grape berries at different maturities were significant (p <<0.05). The high-
est values for all indexes were found in the completely mature I group. From the maturity to complete-
ly maturity II, the contents of total amino acids and essential amino acids were higher than that in ap-
ple, grapefruit, and tangerine. The content of essential amino acids for child in grape was lower than
that in banana, pomegranate, Rosa roxburghii, and Hippophae rhamnoides, but higher than that in ap-
ple, peach, orange, kumquat, grapefruit, and tangerine. The percentages of essential amino acids for
child, medical amino acids, branched chain amino acids, flavoring and coloring amino acids, primary
amine amino acids, and special function amino acids against total amino acids were 18.44%-29.94%,
63.34%- 69.95% , 41.58%-44.57% , 63.34%- 69.95% , 41.58%-44.57% , 52.25%- 59.77% , 63.53%-
68.57%, and 58.28%-64.46%, respectively. The highest values were also found in the completely ma-
ture I group. The values of E/T and E/N ranged from 31.26% to 36.57% and from 45.48% to 57.65%,
respectively. These indexes of grape in all groups except the senescing berries were lower than the stan-
dard value recommenced by FAO/WHO. The ratio of content and taste threshold (RCT) was used for
evaluating the effects of flavor amino acids on the grape flavor. The RCT of Arg, Asp, and Glu in grape
ranged from 2.62 to 6.31, 4.50 to 5.47, and 4.64 to 6.09, respectively, which was higher than that of
strawberry and orange. The results indicated that these amino acids were the key amino acids for the fla-
vor of grape. Their RCT showed an increase trend firstly, and then declined. The highest RCTs were
found in completely maturity I . The RCT of the other 12 amino acids were lower than 1. The percent-
age of flavoring and coloring amino acids to total amino acids in grape was higher than that of strawber-
ry, orange and tangerine. The percentage of primary amine amino acids in grape was higher than that in
Chinese kiwifruit and Phyllanthus emblica. The percentage of medical amino acids against total amino
acids in grape was higher than that in ginseng, cordyceps sinensis, and Chinese wolfberry. The contents
of (Phe+ Tyr), Val, Ile, Leu, Trp, and (Met +Cys) were insufficient, while the contents of Lys and Thr
were relatively surplus. The most restricting amino acid in ‘Red Globe’ grape was Met+Cys. The val-
ues of AAS, CS, and SRC of grape with different maturities ranged from 11.33 to 14.07, 18.32 to 24.43,
and 49.70 to 57.04, respectively. [Conclusion] The character of amino acid composition in ‘Red
Globe’ grape varied constantly during berry maturation and senescence. The edible value of grape
could be improved by complementing with other foods, such as mushroom (rich in Met and Cys) or
grain (poor in Lys and Thr).
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Table 1 The contents of amino acids in ‘Red Globe’ grape with different maturities (n=3) (mg-100 g")

R Amino acid Stage | Stage 11 Stage 111 Stage IV Stage V Stage VI

1le" 5.65+0.07 ¢ 6.80+0.08 b 7.08+0.12 a 7.05+£0.04 a 6.71£0.07 b 6.58+0.06 b
Leu 9.76+0.05 e 11.28+0.12 ¢ 11.71£0.09 a 11.66+0.03 a 11.44+0.04 b 10.95+0.04 d
Lys’ 15.37+0.08 d 16.51£0.12 b 16.92+0.07 a 16.86+0.10 a 15.94+0.06 ¢ 15.83+0.03 ¢
Cys” 0.80+0.02 ¢ 0.98+0.04 b 1.30+0.06 a 1.21£0.04 a 1.01+£0.04 b 1.01+0.03 b
Met 0.60+0.04 ¢ 0.76+0.05 b 0.96+0.04 a 0.73+£0.03 b 0.54+0.02 ¢ 0.55+0.03 ¢
Tyr” 4.16+0.06 d 5.78+0.07 ¢ 6.21+£0.05 b 7.23+0.04 a 4.55+0.03 d 4.19+0.04 d
Phe’ 7.31+£0.03 d 8.34+0.05 b 8.83+0.09 a 8.79+0.06 a 7.66+0.04 ¢ 7.48+0.04 ¢
Thr' 8.61+0.05 d 8.92+0.09 ¢ 9.78+0.00 a 9.20+0.07 b 9.15+0.09 b 8.53+0.07 d
Trp’ 0.67+0.01 d 0.81+£0.04 b 0.95+0.03 a 0.84+0.03 b 0.74+0.03 ¢ 0.77+0.04 ¢
Val 7.76+0.03 ¢ 9.13+0.10 b 9.74+0.05 a 9.32+0.09 b 9.21+0.05 b 8.93+0.04 b
His"* 6.16+0.05 ¢ 7.26+0.04 a 7.26+0.03 a 6.79+0.04 b 6.44+0.04 b 6.48+0.06 b
Arg"* 44.84+0.17d 47.08+0.21 ¢ 63.12+0.15 a 61.82+0.08 b 29.63+0.13 ¢ 26.20+0.07
Asp” 13.50+0.19 ¢ 14.58+0.11 d 16.40+0.05 a 15.88+0.05 b 15.25+0.06 ¢ 15.28+0.07 ¢
Ser” 8.50+0.15 ¢ 9.46+0.07 ¢ 10.33+£0.05 a 9.77+0.04 b 9.34+0.04 ¢ 9.18+0.06 d
Glu® 24.47+0.09 d 29.49+0.17 b 30.43+0.18 a 29.03+0.10 b 27.36+0.09 ¢ 23.21+0.09 ¢
Pro” 9.23+0.07 f 10.14+0.07 11.11£0.06 d 11.48+0.07 ¢ 13.22+0.09 a 11.71£0.05 b
Ala”® 12.04+0.05 e 12.90+0.12 d 13.09+0.08 ¢ 13.79+0.08 b 14.70+0.16 a 11.06+0.04
Gly* 8.48+0.08 e 9.62+0.10 b 9.83+0.05 a 9.50+0.07 ¢ 9.47+0.03 ¢ 9.31+0.02 d
EAA 55.73+£0.04 f 62.55+0.17 ¢ 65.97+0.09 a 64.45+0.19 b 61.39+0.11d 59.62+0.13 ¢
NEAA 132.18+0.72 d 147.29+0.34 ¢ 169.08+0.48 a 166.50+0.30 b 130.97+0.17 e 117.63+0.16 £
TAA 187.91+£0.70 e 209.84+0.45 ¢ 235.05+0.50 a 230.95+0.46 b 192.36+0.27 d 177.25+0.26 f
CP 200.00£1.00 a 240.00+0.00 b 260.00+2.00 b 250.00+1.00 b 220.00£1.00 a 210.00£2.00 a
CE 51.00+0.20 a 54.34+0.17 b 70.38+0.18 ¢ 68.61+0.06 d 36.07+0.16 ¢ 32.68+0.04 f
CE/TAA/% 27.14 25.90 29.94 29.71 18.75 18.44
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Note: *. Essential amino acids (EAA); A. non essential amino acids (NEAA); 3. The children essential amino acid(CE); CP. Crude protein;

TAA. Total amino acids.
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Table 2 The threshold ratio of flavor amino acids in ‘Red Globe’ grape at different maturities
AR R RCT
Amino acid Threshold/(mg-L™") Stage | Stage II Stage I11 Stage [V Stage V Stage VI
SWAA Gly 1100 0.08 0.09 0.09 0.09 0.09 0.08
Ala 600 0.20 0.22 0.22 0.23 0.25 0.18
Thr 2 600 0.03 0.03 0.04 0.04 0.04 0.03
Pro 3000 0.03 0.03 0.04 0.04 0.04 0.04
Ser 1500 0.06 0.06 0.07 0.07 0.06 0.06
BIAA Phe 1500 0.05 0.06 0.06 0.06 0.05 0.05
Trp 900 0.01 0.01 0.01 0.01 0.01 0.01
Arg 100 4.48 4.71 6.31 6.18 2.96 2.62
Ile 900 0.06 0.08 0.08 0.08 0.07 0.07
Val 1500 0.05 0.06 0.06 0.06 0.06 0.06
Leu 3 800 0.03 0.03 0.03 0.03 0.03 0.03
Met 300 0.02 0.03 0.03 0.02 0.02 0.02
His 200 0.31 0.36 0.36 0.34 0.32 0.32
SOAA Asp 30 4.50 4.86 5.47 5.29 5.08 5.09
Glu 50 4.89 5.90 6.09 5.81 5.47 4.64
TE: SWAA. AR EIERL S B BIAA. RIS IE R B L SOAA. TRIRRA IR B .
Note: SWAA. Sweet amino acids; BIAA. Bitter amino acids; SOAA. Sour amino acids.
F3 AR Ok GEMERNESERS
Table 3 The contents of special functional amino acids in ‘Red Globe’ grape at different maturities
[ Amino acid Stage | Stage 11 Stage II1 Stage IV Stage V Stage VI
w(MAA)/(mg-100 g") 128.49+0.61 d 143.44+0.23 ¢ 164.41+£0.51 a 161.50+0.31 b 121.84+0.09 ¢ 113.00+0.10
w(BCAA)/(mg-100 g") 23.17£0.13 e 27.21+0.23 ¢ 28.53+0.10 a 28.03+£0.10 b 27.36+0.06 ¢ 26.46+0.04 d
w(AAA)/(mg-100 g") 12.14+0.05 f 14.93+0.08 ¢ 15.99+0.10 b 16.86+0.05 a 12.95+0.09 d 12.44+0.02 ¢
w(FCAA)/(mg-100 g") 109.16+£0.26 d 121.73+0.38 ¢ 140.48+0.42 a 136.69+£0.25 b 101.03+0.06 ¢ 92.61+0.10 f
w(PAAA)/(mg-100 g") 127.93+£0.49 d 140.32+0.26 ¢ 160.90+0.48 a 158.36+£0.40 b 125.57+0.22 ¢ 112.60+0.10 f
BCAA/AAA/% 1.91 1.82 1.78 1.66 2.11 2.13
MAA/TAA/% 68.38 68.36 69.95 69.93 63.34 63.75
BCAA/EAA/% 41.58 43.50 43.25 43.49 44.57 4438
FCAA/TAA/% 58.09 58.01 59.77 59.19 52.52 52.25
PAAA/TAA/% 68.08 66.87 68.45 68.57 65.28 63.53
VE:MAA. 25 & £ B2 (Asp.Glu.Gly.Met.Leu.Phe. Tyr.Lys\ Arg) ; BCAA. 3 #EZJE R (IleLeu~ Val) ; AAA. 75 & & LB (Phe  Tyr Trp) 5

FCAA. 17 5% A& 3L (Glu. Cys. Val.Leu.Lys.His  Arg) ; PAAA. AL E LR (Asp-Glu.Pro.Gly.Ala.Lys.Arg) .
Note: MAA. Medicinal amino acids(Asp, Glu.Gly, Met, Leu, Phe, Tyr, Lys, Arg); BCAA: Branched chain amino acids(Ile, Leu, Val); AAA: Aro-

matic amino acids(Phe, Tyr, Trp); FCAA: Flavoring and coloring amino acids(Glu, Cys, Val, Leu, Lys, His, Arg); PAAA: Primary amine amino ac-

ids(Asp, Glu, Pro, Gly, Ala, Lys, Arg).
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Table 4 The composition of essential amino acids in ‘Red Globe’ grape at different maturities in
comparison with egg’ s protein and FAO/WHO standard model (mg-g")

M Amino acid  Stage | Stage 11 Stage [I1 Stage [V Stage V Stage VI Egg protein FAO/WHO
Ile 177 177 170 176 191 196 331 250

Leu 305 294 281 292 325 326 534 440

Lys 480 430 407 422 453 471 441 340

Met +Cys 44 45 54 49 44 46 386 220

Phet Tyr 358 368 362 401 347 347 565 380

Thr 269 232 235 230 260 254 292 250

Trp 21 21 23 21 21 23 106 60

Val 243 238 234 233 262 266 411 310
TEAA 1897 1 805 1766 1822 1902 1929 3066 2250
E/T/% 32.30 33.03 31.26 31.56 34.80 36.57 49.80 36.35
E/N/% 47.70 49.32 45.48 46.12 53.38 57.65 99.22 57.11

VAR g FUT IEIEIR & i TEAA. & 2R IR S 7 (465 Cys #1 Tyr) s E/T. TEAA/TAAE/N. TEAA/(TAA-TEAA).
Note: The unit is amino acid content per gram of nitrogen; TEAA. The total of essential amino acid (including Cys and Tyr); E/T. TEAA/TAA;

E/N. TEAA/(TAA-TEAA).

NRIERA L . SRCHHEI 100, 2 2R E 7R A
s SRC /N, S FE RS FR M E K. IR 5 7]
1, TEBEAN B, 21 Bk A RS AASLCS.
SRC 73 511 5 11.33~14.07.18.32~24.43.49.70~57.04,

8 S T 5 BE ) #a%4 , Phe+ Tyr. Val. Ile. Leu. Trp-
Met +Cys $J R I ™ EA 2, AR PEZ LR , Lys.
Thr A I Tl 5 55 — PRI £ 2B R 9 Met +Cys, 7E 58
SRS T VA

x5 TRERAAH Ak FEHYFREREFNETS
Table 5 Nutritional scores of essential amino acids in ‘Red Globe’ grape at different maturities

[P FAO/WHO Egg protein

Mature period Ile Leu Lys Met +Cys Phe+ Tyr Thr Trp Val SRC AAS CS

Stage | RC 0.71 0.69 1.41 0.20 0.94 1.08 0.35 0.78 49.70 11.33 18.32
RCAA 0.92 0.90 1.83 0.26 1.22 1.40 0.45 1.02

Stage 11 RC 0.71 0.67 1.26 0.21 0.97 0.93 0.35 0.77 53.71 11.74 19.94
RCAA 0.97 0.91 1.73 0.28 1.32 1.27 0.48 1.05

Stage III RC 0.68 0.64 1.20 0.25 0.95 0.94 0.38 0.76 57.04 14.07 24.43
RCAA 0.94 0.88 1.65 0.34 1.31 1.30 0.53 1.04

Stage [V RC 0.71 0.66 1.24 0.22 1.05 0.92 0.35 0.75 53.90 12.56 21.14
RCAA 0.96 0.90 1.68 0.30 1.43 1.25 0.47 1.02

Stage V RC 0.76 0.74 1.33 0.20 0.91 1.04 0.35 0.84 53.17 11.41 18.39
RCAA 0.99 0.96 1.72 0.26 1.18 1.35 0.45 1.09

Stage VI RC 0.78 0.74 1.39 0.21 0.91 1.02 0.38 0.86 53.65 12.03 19.12
RCAA 1.00 0.94 1.76 0.27 1.16 1.29 0.49 1.09
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T I R e m bR R 1SS E DR
(1) Arg®, 7 TAA (R ECAF) iy T VD i o AR R bk L
FEAE KR B R 25 R 1E I GIu™, 5 TAA
EU A v T 00 Ml S SR R S K R s B e R
AR T BE F) Lys™, 5 TAA 0 EL B & T 70k A A5k
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5 TAA [ EL ] = T A Bk e R S5 K SR e B
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S E A AL AR K R B B IR AR

Pro™, 5 TAA () LB iy T 3 R OBk L& & 55K
SO RT UL 2T HER R A 7R R T R AR A TR
AR IR AT 5

BE AN A S BE R AL R & EAA [ ER 1 5 4
LN MAR T, EL B S5 1) AT bR R A BRI
AL R . BC/A AN THEM S R0 58 5+
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